
25The Messenger 134 � December 2008

STRESS Counting Supernovae
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The rate of occurrence of supernovae 

(SNe) is linked to some of the basic 

ingredients of galaxy evolution, such as 

the star formation rate, the chemical 

enrichment and feedback processes. 

SN rates at intermediate redshift and 

WKHLU�GHSHQGHQFH�RQ�VSHFL:F�JDOD[\�

properties have been investigated in the 

Southern inTermediate Redshift ESO 

Supernova Search (STRESS). The rate 

of core collapse SNe (CC SNe) at a red-

shift of around 0.25 is found to be a 

factor two higher than the local value, 

whereas the SNe Ia rate remains almost 

constant. SN rates in red and blue gal-

axies were also measured and it was 

found that the SNe Ia rate seems to be 

constant in galaxies of different colour, 

whereas the CC SN rate seems to peak 

in blue galaxies, as in the local Universe.

6GX�BNTMS�2-D�

A complete and coherent picture of the 
formation and evolution of galaxies is  
a fundamental objective of observational 
@RSQNMNLX
�2S@Q�ENQL@SHNM��2%��HR�NMD�NE�
the main processes driving the evolution 
NE�F@K@WHDR
�(MCHUHCT@K�XNTMF�RS@QR�@QD�
unresolved in almost all nearby galaxies 
even with the Hubble Space Telescope, 
but the integrated luminosity in the ultravi-
olet (UV) continuum, nebular emission 
lines such as HA�NQ�:. II<�@MC�SGD�HMEQ@QDC�
�(1��BNMSHMTTL�OQNUHCDR�@�CHQDBS��RDMRHSHUD�
probe of these young massive star popula-
SHNM�HM�SGD�F@K@WHDR
�(MSDFQ@SDC�KHFGS�LD@R-
urements in these wavelength ranges 
scale linearly with the current star forma-
tion rate (SFR) and are used to investigate 
SGD�2%�OQNODQSHDR�NE�F@K@WHDR
� M�@KSDQM@-
tive and complementary approach to trace 
the SFR is based on direct observation of 
SGD�CD@SG�NE�RNLD�RS@QR�SGQNTFG�2-D
�

There are two distinct types of explosion: 
core-collapse-induced explosion of short-
lived massive stars (CC SNe) and thermo-
nuclear explosion of long-lived low mass 
RS@QR��2-D�(@�
�2SDKK@Q�DUNKTSHNM�SGDNQX� 
predicts that all stars more massive than 
eight to ten solar masses complete their 
nuclear burning and develop an iron core 
that cannot be supported by any further 
nuclear fusion reactions, or by electron 
CDFDMDQ@SD�OQDRRTQD
�3GD�RTARDPTDMS�
collapse of the iron core results in the  
formation of a compact object, a neutron 
RS@Q�NQ�@�AK@BJ�GNKD��@BBNLO@MHDC�AX�SGD�
high velocity ejection of a large fraction  
NE�SGD�OQNFDMHSNQ�L@RR
�#TD�SN�SGD�RGNQS�
lifetime of progenitor stars (from a few 
tenths of a million to several tens of mil-
lions of years), the CC SN rate is directly 
OQNONQSHNM@K�SN�SGD�BTQQDMS�2%1
�/NNQ�RS@ -
tistics is a major limiting factor for using 
the CC SN rate as a tracer of the SFR 
ANSG�@S�KNV�QDCRGHES��CTD�SGD�CHEjBTKSX�NE�
sampling large volumes, and at high red-
RGHES��CTD�SN�SGD�CHEjBTKSX�NE�CDSDBSHMF�@MC�
SXOHMF�E@HMS�2-D
�,NQDNUDQ�@�RHFMHjB@MS�
fraction of CC SNe are missed by SN 
searches, since they are embedded in 
dusty spiral arms or galactic nuclei, and 
this fraction may change with redshift, if 
the amount and the average properties of 
CTRS�HM�F@K@WHDR�DUNKUD�VHSG�SHLD
� R�@�
consequence an appropriate correction is 
required to estimate the intrinsic SN rate 
EQNL�SGD�MTLADQ�NE�CHRBNUDQDC�""�2-D


2-D�(@�@QD�VHCDKX�ADKHDUDC�SN�NQHFHM@SD�
from the thermonuclear explosion of  
@�B@QANM�@MC�NWXFDM�VGHSD�CV@QE��6#��HM�
a binary system, but the nature and evo-
lution of the binary system remain poorly 
BNMRSQ@HMDC
�/QNFDMHSNQ�LNCDKR�@QD�
AQN@CKX�BK@RRHjDC�@R�DHSGDQ��RHMFKD�CDFDM -
DQ@SD��2#��HM�VGHBG�@�6#��@BBQDSHMF�EQNL�
a main sequence or red giant companion, 
grows in mass until it reaches a critical 
limit and explodes; or double degenerate 
�##���HM�VGHBG�@�BKNRD�CNTAKD�6#�RXRSDL�
LDQFDR�@ESDQ�NQAHS@K�RGQHMJHMF�CTD�SN�SGD�
DLHRRHNM�NE�FQ@UHS@SHNM@K�V@UD�Q@CH@SHNM
�
The time elapsed from the birth of the 
binary system to the SN explosion (delay-
time) spans a wide range, from tens  
of millions of years to ten billion years or 
LNQD
� R�@�BNMRDPTDMBD�SGD�2-�(@�Q@SD�
QDkDBSR�SGD�RS@Q�ENQL@SHNM�GHRSNQX��2%'��  
of a galaxy according to the distribution 
NE�SGD�CDK@X�SHLDR


2-D�(@�B@M�@BS�@R�RS@MC@QC�B@MCKDR�CTD�
SN�SGDHQ�RHFMHjB@MS�HMSQHMRHB�AQHFGSMDRR��
ubiquity and homogeneity, and have pro-
UHCDC�SGD�jQRS�DUHCDMBD�ENQ�@M�@BBDK �
DQ@SHNM�NE�SGD�DWO@MRHNM�NE�SGD�4MHUDQRD
�
Understanding the mechanism that is 
responsible for this accelerating expan-
RHNM��H
D
��SGD�M@STQD�@MC�@LNTMS�NE�C@QJ�
energy, is one of the crucial next steps  
for observational cosmology and requires 
MDV�RD@QBGDR�ENQ�2-D�(@
�&HUDM�SGD�
HLONQS@MBD�NE�2-D�(@�@R�BNRLNKNFHB@K�
OQNADR��SGD�PTDRSHNMR�VGDSGDQ�2-D�(@�@QD�
a homogeneous class of stellar explosion 
and whether their properties evolve with 
QDCRGHES�QDPTHQD�@MRVDQR
�(M�O@QSHBTK@Q�SGD�
investigation of the nature of the progeni-
SNQ�RS@Q�G@R�ADBNLD�@�BQHSHB@K�HRRTD
�3GD�
@M@KXRHR�NE�SGD�2-�(@�Q@SD�@R�@�ETMBSHNM�NE�
redshift, galaxy morphological type and 
colour is a powerful tool for investigating 
the nature of the progenitor stars, their 
possible evolution with redshift and their 
BNMMDBSHNM�VHSG�SGD�DMUHQNMLDMS


6GX�231$22�

/QNFQDRR�HM�TRHMF�SGD�""�2-�Q@SD�@R�@�
SFR tracer and in investigating the nature 
NE�2-�(@�OQNFDMHSNQR�QDPTHQDR�@BBTQ@SD�
measurements of SN rates at various 
BNRLHB�DONBGR
�3N�QDCTBD�SGD�TMBDQ -
tainty in the estimates of SN rates, a sta-
SHRSHB@KKX�RHFMHjB@MS�2-�R@LOKD�@MC�RSQHBS�
control of systematic effects, in particular 
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concerning dust attenuation, are neces-
R@QX
�2HMBD�2-D�@QD�Q@QD�@MC�SQ@MRHDMS�
DUDMSR��CDDO�NARDQU@SHNMR�NE�@�K@QFD�RJX�
jDKC�VHSG�@�RTHS@AKD�SHLD�HMSDQU@K�@QD�
required to maximise the number of SNe 
CHRBNUDQDC
�$@QKX�2-�RD@QBGDR�A@RDC� 
on visual observations of nearby galaxies 
or photographic surveys with Schmidt 
SDKDRBNODR�VDQD�BNMjMDC�SN�SGD�KNB@K�
4MHUDQRD
�"NKKDBSHMF�C@S@�EQNL�jUD�MD@QAX�
2-�RD@QBGDR������CHRBNUDQDC�2-D��@MC�
adopting an empirical correction for dust 
attenuation, based on the morphological 
type and inclination of SN host galaxies, 
it has been possible to estimate the SN 
rates in the local Universe as a function of 
both galaxy morphological type and col-
NTQR��"@OODKK@QN�DS�@K
�������


Nowadays, by using panoramic detector 
arrays mounted on medium-size tele-
scopes, it has become possible to monitor 
K@QFD�RJX�jDKCR�@MC�SN�R@LOKD�@M� 
adequate volume of the Universe with a 
QD@RNM@AKD�@LNTMS�NE�SDKDRBNOD�SHLD
�3GD�
6HCD�%HDKC�(L@FDQ��6%(���@�LNR@HB�B@LDQ@�
BNMRHRSHMF�NE�DHFGS�""#R�VHSG�@�jDKC�

NE�UHDV�NE��
��RPT@QD�CDFQDDR�LNTMSDC�@S�
SGD��
��L�,/&�$2.�SDKDRBNOD��HR�@M�
excellent example of this type of instru-
LDMS@K�RDSTO
�-DV�SDBGMNKNFHB@K�B@O@AHKH-
ties have allowed the SN sample to be 
greatly enlarged, leading to the discovery 
NE�2-D�TO�SN�QDCRGHESR�FQD@SDQ�SG@M�NMD
�
Despite this progress, measurements 
of SN rates are still scant (in particular for 
CC SNe) and uncertain (for both SN 
SXODR�
�3GD�L@HM�FN@K�NE�@KLNRS�@KK�2-�RTQ-
veys performed in the last few years has 
been to investigate the expansion of the 
4MHUDQRD�@MC�SGD�OQNODQSHDR�NE�SGD�C@QJ�
DMDQFX�TRHMF�2-D�(@�@R�RS@MC@QC�B@MCKDR
�
The observing strategy of these searches 
was tuned to identify ANM@�kCD �2-�(@� 
candidates before maximum light and 
BNMjQL�RODBSQNRBNOHB�SXOD�NMKX�ENQ�SGDRD�
B@MCHC@SDR
� R�@�BNMRDPTDMBD�SGD�2-�
sample collected by these surveys is seri-
ously incomplete, so that the measure-
LDMS�NE�SGD�Q@SD�ENQ�2-D�(@�HR�SQNTAKDRNLD�
@MC�ENQ�""�2-D�MD@QKX�HLONRRHAKD


STRESS was devised to improve SN rate 
CDSDQLHM@SHNMR��!NSSHBDKK@�DS�@K
�������
�
3GD�NARDQUHMF�RSQ@SDFX�V@R�RODBHjB@KKX�
designed to measure both CC SN and 
2-�(@�Q@SDR�@S�HMSDQLDCH@SD�QDCRGHES��@MC�
SGD�2-�CDSDBSHNM�@MC�BK@RRHjB@SHNM�OQNB -
esses were tuned to collect an unbiased 
and homogeneous sample of both SN 
SXODR
�(M�@CCHSHNM��VD�@HLDC�SN�HMUDRSH -
gate the evolution of SN rates by compar-
ing our estimates with those obtained  
in the local Universe and to relate the SN 
events to SF in the parent galaxies by 

collecting detailed information on the gal-
axy sample including their photometric 
OQNODQSHDR�@MC�CTRS�BNMSDMS
�(M�NQCDQ�SN�
OQDRDQUD�SGD�KHMJ�ADSVDDM�2-D�@MC�SGDHQ�
parent galaxies, we measured SN rates 
by counting the events discovered  
in a selected galaxy sample, rather than 
SGNRD�CDSDBSDC�HM�@�FHUDM�UNKTLD
�3GHR�
approach involved the following steps: 
the selection of the galaxy sample and its 
characterisation; the detection and clas-
RHjB@SHNM�NE�2-�B@MCHC@SDR��SGD�LD@R �
urement of SN rates; the analysis of their 
dependence on the colour of the host 
F@K@WX��@MC�SGDHQ�DUNKTSHNM�VHSG�QDCRGHES


How to handle STRESS 

STRESS is a multi-year project (from  
2000 to 2005) consisting of two related 
observing programmes: an imaging  
programme, intended both to search for 
SN candidates and to obtain colour infor-
mation for the monitored galaxies, and  
a spectroscopic programme to type SN 
B@MCHC@SDR�@MC�LD@RTQD�SGDHQ�QDCRGHES
�
The imaging programme was carried out 
VHSG�SGD��
��L�,/&�$2.�SDKDRBNOD�
DPTHOODC�VHSG�6%(�HM�SGD� V-band over the 
jQRS�ENTQ�XD@QR��"@OODKK@QN�DS�@K
���������
and in the R-band, targeting SNe at 
higher redshifts in the last year (Botticella 
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�DS�@K
��231$22�"NTMSHMF�2TODQMNU@D

Figure 1. An example of a SN candidate discovered  
in the R�A@MC
� S�SGD�SNO�@QD�HL@FDR�NE�SGD�R@LD�  
RJX�jDKC�@BPTHQDC�VHSG�@�RL@KK�NEERDS�NE�SGD�SDKDRBNOD�
ONHMS�HMF�� IHSSDQDC�HL@FDR�
�3GDRD�HL@FDR�@QD�@BPTHQDC�
to allow a better removal of cosmetic defects, cos-
LHB�Q@XR��R@SDKKHSD�SQ@BJR�@MC�E@RS�LNUHMF�NAIDBSR
� S�
the bottom left and centre are two images acquired 
@S�CHEEDQDMS�DONBGR��NAS@HMDC�RS@BJHMF�SGD�IHSSDQDC�
HL@FDR���VHSG�SGD�CHEEDQDMBD�HL@FD�SN�SGD�QHFGS
�3GD�
variable source appears projected on a galaxy and 
RGNVR�@�ONHMS�RNTQBD�KHJD�OQNjKD�HM�SGD�CHEEDQDMBD�
HL@FD


Figure 2.� M�DW@LOKD�NE�@�2-NQ &-�B@MCHC@SD�CHR -
covered in the V-band (layout of images as in  
%HFTQD���
�3GD�U@QH@AKD�RNTQBD�NBBTQR�MD@Q�SGD�F@K@WX�
MTBKDTR
�3GHR�B@MCHC@SD�HR�@BST@KKX�@M� &-�@MC� 
V@R�@KRN�CHRBNUDQDC�AX�SGD�2KN@M�#HFHS@K�2JX�2TQUDX
�
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DS�@K
�������
�2ODBSQ@�VDQD�@BPTHQDC�VHSG�
the Very Large Telescope (VLT) equipped 
with the FOcal Reducer and low disper-
RHNM�2ODBSQNFQ@OG��%.12��@MC�%.12��
�
2HWSDDM�RJX�jDKCR�VDQD�HL@FDC�NM�@UDQ -
age once every four months and spectro-
scopic observations were scheduled 
@ANTS�NMD�VDDJ�@ESDQ�HL@FHMF�NARDQU@ -
SHNMR�SN�RDBTQD�2-�B@MCHC@SD�SXOHMF


2-�B@MCHC@SDR�VDQD�HCDMSHjDC�AX�RTASQ@BS-
ing images acquired at different epochs 
TRHMF�SGD�.OSHL@K�(L@FD�2TASQ@BSHNM�BNCD�
�.(2��HM�SGD� K@QC��������O@BJ@FD
�3GD�
resulting image was searched for variable 
sources (SN candidates � Figure 1;  
U@QH@AKD� BSHUD�&@K@BSHB�-TBKDH�� &-R�� 
��%HFTQD����U@QH@AKD�RS@QR���%HFTQD����@MC�
asteroids � Figure 4) using a source de -
tection code (SExtractor, Bertin & Arnouts, 
�����
�3GDQD�VDQD�NESDM�ROTQHNTR�RNTQBDR�
on the difference images due to imperfect 
removal of bright stars, cosmic rays and 
GNS�NQ�CD@C�""#�OHWDKR
�3N�QDIDBS�SGDRD�
@QSDE@BSR�@MC�SN�NAS@HM�@�jQRS�BK@RRHjB@SHNM�
of actual variable sources we used a cus-
SNL�L@CD�Q@MJHMF�OQNFQ@L�SG@S�@RRHFMR�@�
score to each source based on several 
parameters (magnitude, shape, position) 
LD@RTQDC�AX�2$WSQ@BSNQ
�3GD�RBNQD�V@R�
STMDC�TRHMF�@�SQ@HMHMF�C@S@RDS�NE�JMNVM�
DUDMSR�@MC�DWSDMRHUD�RHLTK@SHNMR
�3GD�jM@K�
selection of ANM@�kCD  SN candidates, 
about ten per image, was made by visual 

HMRODBSHNM
�6D�BK@RRHjDC�@R�2-�B@MCH-
C@SDR�SGNRD�RNTQBDR�VHSG�@�RSDKK@Q�OQNjKD�HM�
the difference image that appeared pro-
jected on a galaxy (see Figure 1), and as 
2-NQ &-�B@MCHC@SDR�@KK�SGNRD�RNTQBDR�
CDSDBSDC�VHSGHM�@�Q@CHTR�NE��
��@QBRDB�EQNL�
SGD�GNRS�F@K@WX�MTBKDTR��%HFTQD���
�

6D�CDUDKNODC�@�C@S@A@RD�NE�HMENQL@SHNM�
about each detected variable source with 
a search engine to identify independent 
detections of the same source at different 
DONBGR�@MC�HM�CHEEDQDMS�jKSDQR
�2-�@MC�
2-NQ &-�B@MCHC@SDR�VDQD�BQNRR�
BGDBJDC�VHSG�@KK�RNTQBDR�HM�SGD�C@S@A@RD�
ADENQD�RODBSQNRBNOHB�SXOHMF
�3GHR�@KKNVDC�
TR�SN�BKD@Q�SGD�2-NQ &-�R@LOKD��HCDM �
SHEXHMF� &-R�AX�SGDHQ�KNMF�SDQL��HQQDFTK@Q�
U@QH@AHKHSX
�

Spectroscopic observations were planned 
for all SN candidates and the remaining 
2-NQ &-��ATS�VD�BNTKC�BK@RRHEX�NMKX�����
of the candidates because of limited  
SDKDRBNOD�SHLD�@KKNB@SHNM
� S�SGD�DMC�NE�
STRESS we re-analysed all variable 
RNTQBDR�HM�SGD�C@S@A@RD�SN�NAS@HM�@�jM@K�
BK@RRHjB@SHNM
�6D�@KRN�B@QQHDC�NTS�@�MDV�
spectroscopic programme using FORS2 
SN�NAS@HM�SGD�QDCRGHES�@MC�SN�BGDBJ�ENQ�
RHFMR�NE�SGD�OQDRDMBD�NE� &-�HM�SGD�GNRS�
galaxies of those candidates without 
RODBSQNRBNOHB�SXOHMF
�"NLAHMHMF�HMENQL@-
tion from the long-term variability, direct 
and host galaxy spectroscopy, we found 
that 50 % of the variable sources originally 
BK@RRHjDC�@R�2-NQ &-�VDQD�@BST@KKX� &-
�
.TQ�jM@K�2-�R@LOKD�BNMRHRSR�NE����2-D� 

���2-D�(@�@MC����""�2-D������2-�B@MCH-
C@SDR�@MC����2-NQ &-�B@MCHC@SDR


For the selection of the galaxy sample and 
the measurement of galaxy properties 
(colours, redshift, absolute luminosity) we 
used multi-band (BVRI) images obtained 
CTQHMF�SGD�2-�RD@QBG�OQNFQ@LLD
�3N�OQN-
duce a catalogue of the monitored galax-
ies we selected all images with the best 
RDDHMF�@MC�RJX�SQ@MRO@QDMBX�ENQ�D@BG�jDKC�
@MC�A@MC��RS@BJDC�SGDL��CDSDBSDC�@KK�
sources on the resulting deep images and 
RDKDBSDC�F@K@WHDR��������HM�SNS@K��TRHMF�
SGD�2$WSQ@BSNQ�BK@RRHjDQ
�3GD�F@K@WX�BNK-
ours have been estimated by measuring 
kTW�HM�SGD�R@LD�OGXRHB@K�QDFHNM��@C@OSHUDKX�
scaled to the galaxy dimensions) in all 
A@MCR
�3GD�F@K@WX�QDCRGHES�@MC�SGD�@ARN-
lute B-band luminosity were obtained by 
comparing observed and predicted galaxy 
colours as a function of redshift with a 
RODBSQ@K�DMDQFX�CHRSQHATSHNM�SDLOK@SD�jSSHMF�
SDBGMHPTD


The results of STRESS

Three basic ingredients are required to 
estimate the SN rate in a galaxy sample: 
the number and type of SNe discovered; 
the time of effective surveillance of the 

Figure 3. An example of a variable star discovered  
in the V�A@MC��K@XNTS�NE�HL@FDR�@R�HM�%HFTQD���
�3GD�
RNTQBD�RGNVR�@�RSDKK@Q�OQNjKD�NM�@KK�HL@FDR


Figure 4. An example of an asteroid discovered in the 
R�A@MC��K@XNTS�NE�HL@FDR�@R�%HFTQD���
�3GD�RNTQBD�
shows up at a different position on the jittered images 
@MC�SGTR�@R�@M�HQQDFTK@Q�RG@OD�HM�SGD�RS@BJDC�HL@FD
�
No source was visible in the image acquired one 
LNMSG�ADENQD
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sample in order to relate the detection 
frequency to the intrinsic SN rate (control 
time); and a physical parameter, propor-
tional to the stellar content of each gal-
@WX��SN�MNQL@KHRD�SGD�Q@SD
�

3GD�BNMSQNK�SHLD�HR�CDjMDC�@R�SGD�SHLD�
dur ing which a SN occurring in a given 
galaxy can be de  tected by the search, 
and depends on the shape of the SN light 
curve, distance and dust extinction of  
the galaxy, instrumental setup, observing 
strategy and detection technique of the 
2-�RD@QBG
�3GD�DE��EDBS�NE�CTRS�@SSDMT@SHNM�
on the control time has been estimated by 
modelling SN and dust distributions in 
F@K@WHDR
�(M�RGNQS��ENKKNVHMF�SGD�LDSGNC�
CDRBQHADC�HM�1HDKKN���/@S@S���������VD�ODQ -
formed Monte Carlo simulations where 
@QSHjBH@K�2-D�VDQD�FDMDQ@SDC�VHSG�@�OQD -
CDjMDC�RO@SH@K�CHRSQHATSHNM�ETMBSHNM��@MC�
VDQD�UHDVDC�EQNL�Q@MCNL�KHMDR�NE�RHFGS
�
(MSDFQ@SHMF�SGD�CTRS�BNKTLM�CDMRHSX�@KNMF�
the line of sight for each SN, we derived 
the total optical depth and the relative 
@SSDMT@SHNM
�1D �OD@SHMF�@�MTLADQ�NE�RHLT -
lations, we obtained the expected distri-
ATSHNM�NE�2-�@ARNQOSHNM
�6D�BNMRHCDQDC�
three possible scenarios for the amount  
of dust in a galaxy assuming different total 
optical depths along the galaxy rotation 
axis (T = 0 � no extinction, T = 1 � 
stand ard extinction, T = 5 � high extinc-
SHNM�
�%NQ�""�2-D�SGD�BNMSQNK�SHLD�V@R�
DRSHL@SDC�ENQ�D@BG�DWSHMBSHNM�RBDM@QHN
�
%NQ�2-D�(@�VD�CHC�MNS�BNMRHCDQ�SGD�GHFG�
ex  tinction sce  nario, since it is expected to 
occur, on average, in environments with  
@�RL@KKDQ�@LNTMS�NE�CTRS
�,NMSD�"@QKN�
simulations also allowed us to probe the 
most relevant parameters affecting the 
2-�CD��SDBSHNM�DEjBHDMBX
�(M�D@BG�RHLTK@ -
SHNM��@QSHjBH@K�2-D�NE�CHEEDQDMS�L@FMHSTCDR�
were added to an image that was then 
searched for variable sources using the 
R@LD�RNESV@QD�@R�HM�SGD�@BST@K�RD@QBG
�
3GD�CDSDBSHNM�DEjBHDMBX�@S�@�FHUDM�L@FMH -
tude was computed as the ratio between 
the number of discovered and injected 
@QSHjBH@K�RNTQBDR


The normalisation parameter for SN rates 
can be the galaxy mass or a mass tracer, 
D
F
��SGD�AKTD�KTLHMNRHSX��HM�VGHBG�B@RD� 
the rate is expressed in SN per unit galaxy 
mass (SNuM = 1SN/1010 MB /century),  
or in terms of galaxy luminosity  
(SNu = 1SN/1010 LB��BDMSTQX���QDRODBSHUDKX
�
Since the estimate of the galaxy mass  

HR�TMBDQS@HM��@MC�L@JDR�TRD�NE�SGD�F@K@WX�
luminosity as a mass tracer anyway), we 
BGNRD�SN�CDSDQLHMD�SGD�Q@SD�HM�2-T
�

The SN rate at a given redshift is com-
puted as the ratio between the number  
of discovered SNe and the control time of 
the monitored galaxies at the given red-
RGHES
�2HMBD�NTQ�2-�R@LOKD�RO@MR�@�VHCD�
QDCRGHES�Q@MFD���
��l�
����VD�B@M�NAS@HM�
some constraints on the evolution of  
SGD�Q@SD
�6D�@CNOSDC�@�ONVDQ�K@V�O@Q@�
meterisation for the redshift dependence  
of the SN rate with two free parameters: 
the rate at the weighted average of the 
galaxy redshifts, with weights given by 
the respective control time; and an evolu-
SHNM�HMCDW
�3GD�ADRS�jS�U@KTDR�NE�SGD�EQDD�
parameters were obtained by comparing 
the observed SN redshift distribution with 
SGD�DWODBSDC�NMD


.TQ�QDRTKSR�HMCHB@SD�SG@S�SGD�2-�(@�Q@SD�
appears almost constant up to redshift  
z����
���VGDQD@R�SGD�2-�""�Q@SD�G@R�
already increased by a factor of two by 
redshift z����
�
�3GD�CHEEDQDMS�DUNKTSHNM@QX�
ADG@UHNTQ�NE�""�2-�@MC�2-�(@�Q@SDR�HL ��
plies that their ratio increases by a factor 
of two from the local Universe to redshift 
z����
����@ANTS�SGQDD�AHKKHNM�XD@QR�@FN���
SGDQDAX�QDPTHQHMF�SG@S�@�RHFMHjB@MS�EQ@B -
SHNM�NE�2-�(@�OQNFDMHSNQR�G@UD�@�KHEDSHLD�
KNMFDQ�SG@M�SGQDD�AHKKHNM�XD@QR
�3GD�DRSH -
mate of the SN rate evolution depends on 
SGD�BNQQDBSHNM�@OOKHDC�ENQ�CTRS�DWSHMBSHNM
�
For instance, the ratio between the CC 
SN rate at redshift z����
��@MC�SG@S�HM� 
SGD�KNB@K�4MHUDQRD�U@QHDR�EQNL��
��SN��
���
depending whether a no extinction or  
@�GHFG�DWSHMBSHNM�RBDM@QHN�HR�@RRTLDC
�
However, the fact that the CC SN rate in -
BQD@RDR�E@RSDQ�SG@M�SGD�2-�(@�Q@SD�@OOD@QR�
SN�AD�@�QNATRS�QDRTKS


6D�@KRN�HMUDRSHF@SDC�SGD�CDODMCDMBD�NE�
SN rates on galaxy colour, an indicator of 
SGD�RSDKK@Q�ONOTK@SHNM�@MC�2%1
�6D�ROKHS�
our galaxy sample and the local galaxy 
R@LOKD�AX�"@OODKK@QN�DS�@K
��������HMSN�
blue and red sub samples, according to 
the observed B-V colour and adopting 
the rest frame B-V colour of an Sa galaxy 
(B-V����
����@R�@�QDEDQDMBD
�3GD�2-�(@�
rate appears almost constant in galaxies 
with different B-V colour, whereas the  
CC SN rate strongly increases from red 
to blue galaxies, both at redshift z����
���
@MC�HM�SGD�KNB@K�4MHUDQRD
�

Finally we compared the observed evolu-
tion of SN rates with the behaviour pre-
dicted by the cosmic SFH, assuming vari-
ous SN progenitor models and different 
DWSHMBSHNM�RBDM@QHNR
�3GHR�BNLO@QHRNM�
provides interesting clues about the relia-
bility of SN progenitor models and the 
adequacy of the dust extinction correc-
SHNM�NE�2-�Q@SDR
�6D�BNKKDBSDC�OTAKHRGDC�
measurements of SN rates at intermedi-
ate and high redshifts that are in units of 
BN�LNUHMF�UNKTLD
�3N�BNMUDQS�NTQ�LD@R -
urements from SNu to volumetric units, 
we multiplied the rates by the total blue 
luminosity density at the redshift of our 
DRSHL@SDC�Q@SDR
�2HMBD�SGD�AKTD�KTLHMNRHSX�
density increases with redshift, the volu-
metric SN rates evolve faster than the 
Q@SDR�HM�2-T
�6D�ENTMC�@M�HMBQD@RD�NE� 
a factor two at redshift z����
��ENQ�2-D�(@��
and a factor of about three at redshift  
z����
��ENQ�""�2-D��RDD�%HFTQDR���@MC���


The CC SN rate expected for a given SFH 
depends on the mass range of the pro-
FDMHSNQR��NM�SGD�HMHSH@K�L@RR�ETMBSHNM��(,%��
describing the distribution of the stellar 
masses and on the correction due to dust 
DWSHMBSHNM
�6D�@RRTLDC�SG@S�SGD�L@RR�  
of CC SN progenitors ranges from 8 to 
50 M��@MC�SG@S�SGD�(,%�G@R�@�2@KODSDQ�
RKNOD��VHSG�@�STQMNUDQ�ADKNV��
��RNK@Q�
L@RRDR
�2HMBD�SGDQD�HR�@�K@QFD�RB@SSDQ�
between the measurements obtained 
VHSG�CHEEDQDMS�2%1�HMCHB@SNQR��HS�HR�CHEjBTKS�
SN�NAS@HM�@�BNMRHRSDMS�OHBSTQD�NE�SGD�2%'
�
6D�RDKDBSDC�SVN�QDOQDRDMS@SHUD�OQD �
scriptions for the SFH in the literature:  
SGD�OHDBDVHRD�KHMD@Q�jS�NE�2%1�LD@RTQD -
LDMSR�EQNL�CHEEDQDMS�SQ@BDQR��'NOJHMR� 
��!D@BNL��������@MC�SGD�KHMD@Q�jS�SN�SGD�
SFR measurements from the HA emis-
RHNM�KHMD��'HOODKDHM�DS�@K
�������
�3GD�
LD@RTQDLDMSR�NE�""�2-�Q@SD�BNMjQL�SGD�
steep increase with redshift expected 
VHSG�ANSG�2%'R��%HFTQD���
�3GD�DUNKTSHNM�
predicted from the SFH based on HA�jSR� 
the CC SN rate measurements very well, 
VGHKD�SGD�2%'�AX�'NOJHMR���!D@BNL�
requires higher CC SN rates both in the 
KNB@K�4MHUDQRD�@MC�@S�GHFG�QDCRGHES


(E�VD�BNQQDBS�NTQ�LD@RTQDLDMSR�@MC�SGD�
local CC SN rate measurements accord-
ing to the high extinction scenario, we 
obtain an acceptable agreement between 
the data and the predictions of the  
'NOJHMR���!D@BNL�2%'
�'NVDUDQ��SGHR�
correction requires an extremely high 

Astronomical Science !NSSHBDKK@�,
�DS�@K
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dust content in galaxies, which needs to 
AD�BNMjQLDC�VHSG�MDV�@BBTQ@SD�LD@R-
urements in nearby and distant galaxies, 
and also requires a better estimate of 
the fraction of obscured CC SNe that 
@QD�LHRRDC�HM�NOSHB@K�2-�RD@QBGDR


Alternatively we may consider the pos-
sibility of a narrower range for the CC 
SN progenitor masses: in particular, a 
lower limit of 10�12 M� would bring the 
observed CC SN rates into agreement 
VHSG�SGD�2%'�AX�'NOJHMR���!D@BNL
�
On the other hand, estimates of the 
progenitor mass from the detections of 
stars in pre-explosion images seem to 
favour a lower limit of about 8�10 M� 
�2L@QSS�DS�@K
�������
�3GHR�QDRTKS�HKKTR -
trates that it is necessary to reduce the 
uncertainties in the cosmic SFH and to 
apply a consistent dust extinction cor-
rection both to SF and to CC SN rates in 
order to constrain the mass range of CC 
2-�OQNFDMHSNQR
� �BNLO@QHRNM�NE�SGD�""�
SN rate with other SFR tracers in the 
same galaxy sample could shed light on 
SGDRD�HRRTDR
�

3GD�BNRLHB�DUNKTSHNM�NE�SGD�2-�(@�Q@SD�HR�
modulated by two critical ingredients: the 
SFH and the delay time distribution 
�#3#�
�#HEEDQDMS�2%'R�FHUD�CHEEDQDMS�DUNKT -
SHNM@QX�O@SGR��!K@MB���&QDFFHN���������
but we have considered only the SFH by 
'NOJHMR���!D@BNL
�6D�DRSHL@SDC�SGD�
DUNKTSHNM�NE�2-�(@�Q@SD�AX�BNMUNKUHMF�SGHR�
SFH with different formulations of the 
DTD: three distributions related to differ-
DMS�2-�(@�OQNFDMHSNQ�LNCDKR�@MC�CD ��
scribed by the analytical formulation of 
&QDFFHN���������SGD�O@Q@LDSDQHR@SHNM�AX�
,@MMTBBH�DS�@K
���������CDRHFMDC�SN�
@CCQDRR�RNLD�RODBHjB�NARDQU@SHNM@K�
constraints, regardless of the corre-
RONMCDMBD�VHSG�@�RODBHjB�OQNFDMHSNQ�
RBDM@QHN
� KK�#3#R�@OOD@Q�SN�OQDCHBS�@� 
2-�(@�Q@SD�DUNKTSHNM�BNMRHRSDMS�VHSG�SGD�
observations, with the exception of the 
?VHCD��##�LNCDK��VGHBG�@OOD@QR�SNN�k@S�
�RDD�%HFTQD���
� S�SGD�R@LD�SHLD��VHSG� 
the adopted SFH none of the explored 
DTD functions are able to reproduce both  
the rapid increase from redshift z = 0 to  
z����
��@MC�SGD�CDBKHMD�@S�QDCRGHES�FQD@SDQ�
than one, suggested by some measure-
LDMSR
�6HSG�SGD�BTQQDMS�C@S@�NM�SGD�Q@SD�
DUNKTSHNM��HS�HR�CHEjBTKS�SN�CHRBQHLHM@SD�jQRS�
between different DTDs and then 
ADSVDDM�CHEEDQDMS�2-�(@�OQNFDMHSNQ�

LNCDKR
�,D@RTQDLDMSR�NE�SGD�2-�(@�Q@SD�
in star-forming and passively evolving 
galaxies over a wide range of redshifts 
B@M�OQNUHCD�LNQD�RHFMHjB@MS�DUHCDMBD�
@ANTS�SGD�OQNFDMHSNQ�LNCDKR
�

%TSTQD�VHCD�jDKC�2-�RTQUDXR�@S�$2.�SDKD -
scopes, such as SUDARE on the VLT 
Survey Telescope (VST) equipped with 
OmegaCam, will be able to discover thou-
sands of SNe and will enable accurate 
measurements of the SN rates, providing 
@M�TMAH@RDC�BDMRTR�NE�SGD�GNRS�F@K@WHDR
�
A different observing strategy that con-
sists of the frequent, long-term monitoring 
NE�@�EDV�RDKDBSDC�RJX�jDKCR��QNKKHMF�
search), will allow us to detect SN candi-
dates and obtain their light curves in dif-
EDQDMS�A@MCR�@S�SGD�R@LD�SHLD
�/GNSNLDS -
ric typing, based on the shape of the light 
curve and colour evolution, for all SN can-
didates will reduce the uncertainty due to 
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Figure 5. Comparison between the 
core collapse (CC) SN and the SF rate 
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�
The shaded area represents the 1S 
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CC SN rate evolution as deduced from 
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