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Type la supernovae are central in measuring the accelerated expansion of the Universe and the properties of the underlying dark energy. Nearby SN la are compared with distant
ones to establish the history of cosmic expansion. In fact, current efforts in SN la cosmology are constrained by the limited number of well-observed nearby SN la. A significantly
Improved sample of nearby SN la, fully covering the space of la properties, is needed to maximize the utility of high-redshift SN la. Our ongoing project at the CfA has collected
such a set of 150 SN la. We are reducing this sample and present 80 preliminary la light curves in figure 1. We give highest priority to peculiar la's so as to better determine the
whole range of la's. One example is SN 20069z (see fig. 1), a slow-decliner that does not show a large secondary peak in i-band. In coming months we will use our large set of la's
to compare and combine with existing samples to better understand the homogeneity and diversity of la properties and more precisely determine the expansion of the Universe.

Over the past 6 years we have gathered UBV Rl/ri photometry for over 200 SN of all types, using the KeplerCam and its 2 predecessors on the FLWO 1.2m. In addition to optical
photometry, we get well-sampled NIR photometry and optical spectroscopy for many of our SN. Approximately 70% of these SN are la, 15% lb/c and 15% Il. When published, our
light curves will roughly double the local sample of all 3 types. During the 2005-06 season we greatly expanded our number of nights on the sky. Combining that with generous
service observing by the Kepler SCP Team, during the time of night when their fields were set, over 80 SN (54 la's) were observed during 2005-06 and with similar cooperation we
are on pace to observe over 100 (70 la's) during 2006-07. Within 3 years we plan on having a sample of ~200 SN la that were all observed with the same instrument, Keplercam.

wr—e- - rr+r*++r-r-~rrrrrrrn7nq [T T *rr*Trrrr*1] [T T T T T T T " T SRRl LAY LA LA RALLLRLLAY LAY ] ILENLE BN R B LB R B B BB N B 2 [ A LA AL RS R RRL) LAY LA LRRY L pPrr~—~rr~frrrrrrrr[rrr*rr**rq  Frrrrrr1rrrrrrrryrrrrrrnq  [rrrrrrrrrrrrrrrrr1rr-] [T Tr T rTrr I T ]
L 12 - - L | i 14 L 14 = i 12} .
I I I : 1 I I I | 12 7
: SN 2006X - SN 2006ax ul ame SN 2006gz ] - SN 2006le - -, SN 2001eh | - SN 2005c¢f . SN 2005el [ SN 2005eq - _e® o SN 2005hk | | 9 =, SN 2005ke ]
2 1 4 W [ @34 - w» ST o ] [ - »® e ] 12F - il 14929 ) 22 "M.. 1 ,‘\ )
' S ar £ g & ] s A o Y 5 ggfw ot 1 iop 4 ] ' = Zam L 2" Qoo™ 4 1} W % ] Y e '
14- S ®e ] : e e -.‘ - A 4 ’“ Aa ] “a * - A‘“‘“ E ﬂ [ “\ 16- “*\ ®* o [ A ®og | ur ® ]
| MLl oL LAy A Y1 e 1 .l Mmoo e, al . ] ) ‘! oy ; : Aayloe | ¢ 4 T e,
g 1o DU B B ER i a g ] ER ERT S ‘a e, | B S 1 & g a, ™
g | A8 sl g 18 § 18t 5 ol § L - § 18 ® sa 3B - g | § [.m Al
+ 18F 4 + L + + 1 + | | + 16F B 4 + + [ n + 18F + 18}
&b & ﬁ 80 I 50 [ ] 0 I ] &b L & - ‘ an 20 i a0 . 50 L ‘.
g N R - 1 & Ll 1 8 | . g | LY g 20f E " g g |
20 -_ . 20 __ 7] i ’ | L ' E 22F T [ .. m I ‘ l - B r 20 -' _- 20 -' ‘
[ L [ : h 1 i 1 18 . - 5 - I | I
L .‘ ®i-2 L @i-2 5l '..i-z r @i-2 1 [ ®@i-2 1  @i-2 2F e@i-2 N i 22. ®i-2 i . @i-2 1 L @i-2 o |
2} Ar-1 1 2t Ar-1 . 22T ar-1 ) 2F Ar-1 - ol Ar-l A L Ar-1 [ Ar-1 L Ar-1 L Ar-1 ] L Ar-1
' : - [ ] - - ' - ' 2t 12
uk BU +2 - mU+2 [ mU+2 ] . mU+2 ] [ ] NI QU2 | %I mu+2 ] #I BU+2 ) - ] . WU +2 :
T R T T TR TR T [N TR S TN T S T R 1 P2 Y S T B TR ] 40 e 24 b bbb b b h « [ AT TN AN TN T T N T T T [ T T T A T T T [ T T L SRS SRR AR AR R RN RNR A AR RRR RN RRE AR RUR NI N K| [ SN N TN TN T AN TN T TN N TNNT TN W [N T TN W AT WO T TN T T T 1 Y N ST TN NN T ST WO [N SN T T N T T T N T S Y Y W | o [N R T T T TN T M NN TN T M [N Y T T B b I S T T TN T [N T T T N T O N N N M BN
800 850 900 820 840 860 880 1020 1040 1060 1040 1050 1060 1070 1080 180 200 220 240 260 520 530 540 550 560 640 660 680 700 720 740 760 660 680 700 720 740 760 1680 1700 1720 1740 1760 700 720 740 760 780
mjd - 53000 mjd - 53000 mjd - 53000 mjd - 53000 mjd - 52000 mjd - 53000 mjd - 53000 mjd - 53000 mjd - 52000 mjd - 53000
llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll 12 T T I T T T Trr T T T 1" ' H pfmm | bbbl | | kbbbl bbbl bhibbibd-! LI B BEL NN I LR B AL RN B LI LR NN RN B LR | —r rr1rr 1t 1 |||.| ||.|
2001G | | 2001V 2 2001bf 2001en 2001ep 2001fe 2001fh ul 2005M ] 2005am] . 2005¢eu ] of 2005ew] u} 2005hc { [ 2005hy 20051q
Br 11 [ 1 e 1 Y 1 i i - o 1l ™ ] &, ] uF o 1
% ° . \I‘: o t.lgg ° s . e ::0. v e ooy uf “:::' - * - e : AL X o 4&::.“ e }l:& o, ] 16_,%.f ° ] i . : A m * .
Yy L
ul A 1 4f A::zh 1 ul A L] ul é i: 1 Ay . ] A“ . A o I . 1 sk l:::: 1 116F dy . Lt ® A ° 6 a‘qg‘ R 7 6k A o? |
e e 1 ur A b i " . 4 . 16 g a Az
- . 161 d g : i6 , 16 i 18 5 ] 18 F
16 ¢ . o 1 sl ] o] .l 1 8} . sl ] 18} 1 18f
- ol =
18f . 20F 1 o
18 18 18 k " 0k 1 » _
18 18 18 \ o] 2
20 . 2 ] 2 - (L . i '
w0} 1 2k ) ok ] e 5| o} 1 TIm u n
200, 1 1 1 ] 1 1 1 1 1 1 1 20 1 1 1 1 1] 1 1 1 1 1 1 n [} 1 1 1 1 1 24 bl 1 L 1 1 1 o 1 1 1 1 1 1 1 1 1 1 24 1 1 1 1 1 1 1 2 [
60 40 20 0 20 40 20 0 20 40 60 50 60 70 80 200 20 240 260 00 220 240 260 280 300 320 240 260 280 300 320 20 230 240 250 260 270 400 420 440 460 480 500 440 450 460 470 480 490 660 680 00 720 740 660 680 700 720 740 660 680 700 720 680 690 700 710 680 690 00 70 720 730
................... preey pre—————y 1 [P rT——————y e AL ———————————————— ———T T e UL TPPY s B s R T ——————— FreTTITTTTTITTTTTTITTETTTrTTTTTT YT preerreee . ——————————
w0} 2002bo | f 2002cd 2002ck | © 2002cr 2002de | wf 2002dj - 2002dp N 2005ke | | 2005k1 | |, 20051s | 20051u . 20051z | 2005mcy ut 2005ms;
b4 o 7 12 ] o e ° F e®e 1 ™
4 ane -14"“ : 1 % 1 @1 oﬁ * ° oo® 7 -’* 14-.""i ie og - L S up® h: N ] 1&-“‘ o . Attt ° e “t L . ‘:: A
12T a ® ] *e ¢ [ A & Lid o P & ..“ & i i | a ° A % ; i (Y 6 * " h.
. " N . 14 ° M 1 ot o 4 A 14 i . 164 i‘. - a L I ;t * [ - ‘_ w6t 4 i - v
P ® i L ] 18 A i. é Adgy ®
1k ] oA R A L 16 s i ] A H »
uf 2 16 1Y 16 : 5 ™ * : B sl .
@ 16 °® 18 & 18} 4 ...
6l 1 1f 1 op ] ®r 1 ur . A K 18f 1 sk ] o pun .
18 b .18_ b 18 20 . 2 20 -
[
Brg ) e ] " 18} 1 16} 1 of = ] . “r ] 2 1 2t 1 "
.. - 0} 1 " | ] 0r 1 2 % Y \ N nt ) 12T 'y
Wb o b by 220 [ PRTTRTTE PTRPITETY FRTRTTRTT FTTRTTON FPPTeer IR M PETETTTTT FETTETTT ] FIRTTTETTE FETTE T I jo.|] T PPETETTETI FTTTTETTE PETTETEITE FETTETITT 1Y I I PEPEETE BPEP AT BE AT AT B FFFIFY SIS PPN AP (IS IPIITITE I R I BRI ST ST ST S D AR I S AT RS R AP SRR EFEFErE P SRR S e T B 2 ) S A VN T WA WP T AP PRTTITIT FTTTTTTTTS [RTTTTTIT! FETTRTIT FITTTTTTTT FRTTY NN A1 PPPPPPPRT FETFPRTITS FRPPPRPI FRPPPRPIT] ETTTITITI FITTTTTTT! | NN SNPUN RN E U SIS SN |
340 360 380 400 420 440 380 390 400 410 420 430 440 400 410 420 430 440 400 410 420 430 440 425 430 435 440 440 445 450 455 460 465 4350 500 550 600 700 720 740 700 720 740 760 T8O 720 T 760 T80 BOO 730 740 750 760 770 780 730 40 750 60 770 780 730 740 730 760 70 TBO 790 740 760 780 800
1 1 T 12F 1 1 T - 1 T 1 T 1 T T T T 1 T 12 - 1 1 3 12 N 1 T 1 . I- 14k 1 1 1 I_ 1 1 T 1 1 1 T T 1 1 1 1 T 1 1 1 1 T 1 1 1 1 T 1 1 1 T 1
2002es 2002fb | 4 2002ha 2002he . 2002hu 2002hw 2002y s 2005mz 2005na 2006H | uf 2006N 2006ac 2006an | [ 2006bb ]
[ e ] - . o . | h\ i | ] °
1 A :: ® 14F :: ol . e ¢ o [ad H-f ] ’“. 14-: L Y ) 41 1} -".6 e o ] o Wiy ”"g.- 1" ‘N'ui.‘: . m h‘ . 3tt..‘ 16 F * o i h ‘1:0
A ° . . ul 'y * | (X .. “ * r Sy 16 4 'y ..‘ T A v o .&‘ 14} h‘ - E l-“. ° A “::! 6k A °
16F A, . ® . sk . 1 o1 A ] a s ® oo ..'. 16 oy *s % ] .‘:'.o ® 6k [ 4 ' Mt
16 a0 ] ta 16} : 4 ’ o 1or Aale ] ¥ Ay “hy
18f . A, sk a] 18 . i o | o 1 18F ] 51 sth i . '
18F 1 I J L ]
2 ] e [ - " 20 ™ . ’ m-.‘ ] 20} 1 18.‘ 2T
20F . or 1 =t .
- of ® 1 =} " - ‘l 2} “f - .* ™ ] 2} l‘ 17" m 2 | .
2
2 u . . - ” ™ 22 - 2 “ m 2 '. - ol - (]
aliaiy N MTTI FTTTTTETTI FTETITITEI IET N MEEFE N SR B R B B o) FFTTETEY FTETEETETI IETETITETE ITTTTTETT] FTETETTTY DR T B B B B B D NI S B I B D I B B SE B N 2‘2-. ....................................... | N S S T 2] RPN R EPEPEEE BT B N FRPPTTTI FRTTTTETT FTTTETTTT FAPRTPTTT FTTTTTTN FITTITRTH M 22-. ......................................................................................................
320 530 540 550 560 540 560 580 600 380 590 600 610 580 600 620 640 660 600 620 640 660 600 620 640 660 640 650 660 670 740 760 T80 800 760 T80 800 820 760 770 T80 790  BOO 810 760 T80 800 820 840 780 800 820 840 8a0 790 795 800 805 830 840 850 860 870
L L L B IR AL B B N L B 12_' Trrorrrrrr ot oggfr o r o r ot q [Ty e r o r vy M TrTTr T T Tt DY L L LA LA A A D bbbk Lo bk I Ty ™ Ty R LU | bl Ltk o I ' LLLLLLLLL) LRLLLLLLL] LLLLLLLLLE LLLLLLLEL] LLLLLLLLL LLLLLELLL) 1 LML I I I LR 17 Fr Tt ] [rrrrroorrrrrro T
8 2003K 2003U 2003W .o 2003cg 2003ch | . 2003cq 1 of 2003du ., 2006bd | .} 2006bk 2006bq | 2006bt | “ 2006bw] - 2006CC | [ay 2006cm
ups 1 14_#‘ | ul M e 1o 0L 19 et ] 290 - b, s fa® . M :.‘ 14-",-... ' :: *° .s e , ﬂ“zwbt‘o e M-“:: °* ]
: . : e N 2 Laa ¢ A °* o w6k L . 1 of® ugd . . e 16F La : oo | “; ® e 16} fao o1 16F ML a R ¢ e m_‘ Mida % o] S
[ 4 1 st | :l‘. uk A A i A P l.‘i‘ ¢ LY 4 A 4 ., A A N 6F ",‘
16 :g - ' 15k | 16} - N Ag sl i ] sk ] N N .
a ie &2 i ) 18 b
& 18 1% a ] ' 21 f . 18 1 b |
18 1 18fF ] 16 - 181 7] }
[ sl ] sk i ok 1.1 18 .
[ ] i ] wl 1 18 . i ] ol 1 .l
? o ] ’ 2 . f \.- | °l ] J
ot . 0l = 1 - 1 »l ] ‘u
zr = " - m] . 20F g - [ | 2t { ¥ n ] W .. 2f [ 1] 1 2[
zr 1 L L L 1 ] 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 i 1 1 1 1 1 L L L L 1 L L 1 L | 22r 1 L 1 1 1 | I- 21 ]
680 700 720 740 760 680 00 720 740 760 680 00 720 740 760 720 740 760 T80 730 740 750 760 T40 760 T80 800 760 TEO 800 820 840 830 840 850 860 B840 850 860 BTD 8RB0 890 850 860 870 B8O 890 900 910 850 860 B7D BBD B9 900 910 855 860 Be5S B0 875 B8O 860 880 900 920 880 900 920 940 960 980
----------------------------------- .- T LB LR LN LR B LR B LA B LR BB BELE L RN AL LS LR LY LR | B AL R IR R R LA R pfF g ) LR L L] LR LLLL UL LU LLLLELLL LI I B R B B R R B R B R B ................................................:.... Mfr - r r rrrrrrrr1 rrr§ —r T & [ T [ T f pRbbLLL] LLLLLLLLL) BLLLLELLL) ELLLLELLL) BALLLLLLLY LR WL BN B BURLELEL BLELELILN LR I
2003fa 20031t | of 2003kf | . 2004aw 2004L | «f 2004ef 2004fu 2006¢cp 2006ef 2006¢;j 2006gr 2006hb] | o 2006l1f 2006mp]
14 1 [ ] @ 14 o 1 b - ] 14} 1 .1 ] 14F . - (Y i
" A 1 %e ul \0 4 2 ] ;n ‘n. . A @ ° up A A, 1 .:: i1t LY 11 my :' ur B s 0 ° 1 1} .?h o . *::: . - 5&‘ * o * * : 3 ?
“."hn o 2 - J ¢ o . ® 6k s, . ] aQ T L -y A oa %y i, ¥ o %P0 A A “ *
16 2 . A fe 6k Al _ 2t . H w6F * - -, *° A4 . . 16} . 4 16} a .
16 4 16f ] Al 16f A 16F . 16f Ay 1 L A 5 ® Aa ud o Ay i
é 16 sl Ay e A%, 16
i A
st . Y 1 [ ] 8y ] s} . 18 1 s}
18f 1 18 | i 18f 1 18F i
u 18 18 1 18F
0k ‘. i 20}k -
s 4 I J pli] 3
m_r.\ . 1 » " ] 20 ok . ] 20 . - N nt
2f ] 20} . 20} 1
| | -. ’ L - .. »k - ] i ‘ ] 20F - . ‘
2 4 [ ] 2r 1 2 : 21 nt 4
.................... .44 NI PR BN B R 2 'l B R PR PR BT A .42 NP BT BT BT R M IERETERTN] INETETTET] FETETTEETE FTRET) IR BT BT T N PP NS NI NN AP ATE P FPTPTTTTTI FETRTITTTI (TTTTTRTTY [TTTTTTTT [RTITITIT] [TTTRTIT o] I MR BRI B | FETTTTI FTTTETIIT] FITTETITTY FRTTETITT! FRTTTTIITY ITITT) PP BT B B M BT BRI B FETTITTI FYTTTTITTI FTTITINITI ITTITTITE FITTTTITT ITITT T PR R PR RS T
800 820 840 860 880 940 960 980 1000 980 1000 1020 1040 1060 1080 1100 1120 1140 1160 1180 1030 1040 1050 1060 260 280 300 320 320 325 330 335 340 BOD 900 910 920 930 980 1000 1020 1040 980 990 1000 1010 1020 1000 1020 1040 1060 1080 1020 1040 1060 1080 1040 1050 1060 1070 1080 1045 1050 1055 1060 1065 1070
Figure 1: 80 CfA Light curves from 2000-2004 (U BV RI) and 2004-2006 (U BVri)
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It is well-known that maximum brightness in B-band correlates with the decline rate of SN la.

Additionally it has been seen that overluminous la's are found in later-type galaxies over a o o

wide range of projected galactocentric distances (PGCD) while very-fast declining, subluminous ' ¢ I ' ¢ +

la's are found in earlier type galaxies and are not often found at large PGCD (e.g. Hamuy et al. | + . ' [ ++ ++ ++ + + + +
vl it

2000). It should be noted that PGCD is only a lower limit on the actual distance between host
center and SN. With a new and independent set of la's, we confirm this trend. In fig. 2 we have 1O n 1.0
calculated the decline rate for 63 new la's from the fig. 1 CfA light curves and plotted them
against their host galaxy morphology and projected galactocentric distance. The color-coding
highlights that indeed the are in elliptical and early-type spirals with
low PGCD while the slow decliners (in blue) are found at a wide range of PGCD and only in later-

Am,, (B)
Am,; (B)

type spirals and irregulars. No very-fast decliners are found in our later-type hosts. The sk | sk |
peculiar SN 2005hk (in black, and possibly in a new class of la's with the similarly peculiar | smunshk* | | + |
2002cx, see Phillips et al. 2006), has a moderately-fast decline rate, but is in an SABd host.

Overluminous SN la tend to occur in younger stellar populations while subluminous SN la tend

to occur in older populations. Comparing a larger set of SN la light curve properties with more [ ¢

guantitative measures of host and local environment characteristics may be useful in ' + + ' ' +

understanding SN la progenitors. 2.0 . 2.0 .
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Figure 2: Light curve decline rate compared with host galaxy properties



