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9*1=*! :-;97K*=! ),*!$I'%J3!1-K!%'IL! =+*;)21V! 2*K7;*K!%'IL! :01H*=! 1-K! ),*!
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GGG/+*==)</<2H!1-K!),*!G:[:!+1H*=!),1)!),*!,<0*+1H*!+<:-)=!)</!C!=70012?!<@!
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!
$!Very	occasionally	PESSTO	obtains	spectra	for	which	no	object	trace	is	found,	or	the	signal-to-
noise	is	so	poor	as	to	be	essentially	meaningless!
%!From	here	forward	the	survey	acronym	‘PESSTO’	shall	be	used	to	refer	to	the	combined	
PESSTO	and	ePESSTO	surveys.	
!
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9<G7+!;10+1:H-/!&,*2*!12*!0<2*!=+*;)21!),1-!<8A*;)=!=:0+9?!K7*!)<!),*!@1;)!),1)!
:-!=<0*!;1=*=!#$%%&'!)<<[!0<2*!),1-!<-*!=+*;)270!@<2!;91==:@:;1):<-!K7*!)<!*:),*2!
9<G!=:H-19D)<D-<:=*!:-!),*!@:2=)!=+*;)270V!<2!108:H7<7=!;91==:@:;1):<-=!),1)!-**K*K!
@72),*2!=+*;)21!)<!199<G!1!=*;72*!1-19?=:=/!!Z*-*2199?V!),*!@:2=)!=+*;)270!)1[*-!<@!
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G,:;,!@72),*2!=+*;)21!G*2*!-**K*K!K7*!)<!*:),*2!9<G!=:H-19D)<D-<:=*V!<2!1!2*19!10D
8:H7:)?/!&,*!0<=)!;<00<-!;17=*!<@!108:H7:)?!:-!;91==:@:;1):<-!12*!<8A*;)=!=,<G:-H!
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L-!),*=*!;1=*=V!@72),*2!=+*;)21!7=7199?!=,<G!=+*;)219!@*1)72*=!)<!199<G!2*K=,:@)!1-K!
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=+*;)21!)1[*-/!!
!
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@:-*K!:-!%012))!*)!19/!35"PB/!&,*=*!$I'%J3!:01H*=!G:99!8*!1=)2<0*)2:;199?!1-K!+,<D
)<0*)2:;199?!;19:821)*K!61=!@12!1=!),*!=0199!@:*9K!<@!>:*G!<@!$I'%J3!G:99!199<GB/!&,*!
21G!:01H*=!12*!1>1:9189*!:-!),*!$%'!12;,:>*!1-K!<-!GGG/+*==)</<2H/!!
!
L-! =<0*! ;1=*=! ),*! 1=)2<0*)2:;! +<=:):<-! <@! ),*! =;:*-;*! )12H*)! <-! %'IL! 6<2! ),*!
$I'%J3B!:01H*=!;1-!8*!<@!<2K*2!5/P!f!"/P!12;=*;!K:@@*2*-)!)<!),1)!2*;<2K*K!:-!),*!
,*1K*2=!<@!),*!"W!=+*;)219!@:9*=/!&,*!;<<2K:-1)*=!:-!),*!"W!=+*;)219!@:9*=!12*!),<=*!
<@!),*!)12H*)!1-K!),*=*!12*!)1[*-!@2<0!1!21-H*!<@!=72>*?=!G,:;,!;1-!,1>*!0:-<2V!
87)!0*1=72*189*V!*22<2=!:-!),*!18=<97)*!1=)2<0*)2?/!&,*!;<<2K:-1)*=!:-!),*!%'IL!
1-K!$I'%J3!:01H*=!12*!9:[*9?!)<!8*!1=!H<<K!:@!-<)!8*))*2!),1-!),<=*!<2:H:-199?!+2<D
>:K*K!@2<0!),*!@**K*2!=72>*?=V!87)!K:=;2*+1-;:*=!12*!)?+:;199?!9*==!),1-!"/P!12;=*;D
<-K=/!!
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L-! ),:=! 2*9*1=*!G*!19=<! :-;97K*! ),*!#$%%&'!&21-=:*-)!J1)19<H7*V! 1! ;1)19<H7*!<@!
3"44!#$%%&'!=<72;*=!@<2!G,:;,!1!0*1-:-H@79!=+*;)219!;91==:@:;1):<-!,1=!8**-!<8D
)1:-*K!G:),:-!),*!=*>*-!?*12=!<@!#$%%&'!<+*21):<-=/!
!
&189*!Qg!!#$%%&'!%%WX4!U*?!%;:*-;*!)12H*)=/!&,*=*!)12H*)=!G*2*!=*9*;)*K!@<2!K*D
)1:9*K!@<99<GD7+!:-!),*!=*>*-!?*12=!<@!=72>*?!<+*21):<-=V!:-:):199?!G:),!$I'%J3!1-K!
G:),!%'IL!G,*-!+<==:89*/!&,*!-708*2=!2*@*2!)<!),*!-708*2=!<@!*+<;,=!<@!=+*;)21!
)1[*-! G:),! *1;,! Z2:=0/! Z2""V! Z2"QV! Z2"(V! Z2"S! 1-K! Z235! 2*@*2! )<! ),*! $I'%J3!
H2:=0=!1-K!ZbV!ZX!2*@*2!)<!),*!%'IL!H2:=0=!6Zb!h!b97*!1-K!ZX!h!X*KV!G:),!K*)1:9=!
:-!&189*!3B/!
!

!"#$%&' !()%'
*+,-%#'./'0)%12
&#"' 3.,,%4&5'

67677.89:;"$ 7.$<<$

9:=>299?$:=>29@?$
9@=>29A?$:=>B?$
:=>,$ $

67677.89:;/$ 7.$<"$ C=>29@$ $

67677.89:*'$ 7.$<<+$

:=>299?$9=>29@?$
:=>29A?$D=>B?$
@=>,$ $

67677.89:E&$ 7.$<<+$
:=>299?$9=>29@?$
:=>29A$ $

67677.89:EF$ 7.$<<$ G=>29@$ $

67677.89:'F$ 7.$<"$
H=>299?$9=>29@?$
H=>29A$ $

67677.89:'I$ 7.$<"8F$
:=>299?$:=>29A?$
9=>B$ $

67677.89D1($ 7.$<"$ J=>299?$J=>29A$ $
67677.89DKL$ 7.$<<$ J=>299?$9=>29A$ $

67677.89DM"$ 7.$<"8F$
@=>299?$@=>29A?$
J=>B?$J=>,$ $

67677.89DM&$ 7.$<"$ @=>299?$@=>29A$ $

67677.89D;K$ 7.$<"$
J=>299?$9=>29@?$
J=>29A$ $

67677.89D;=$ 7.$<"$
9=>299?$9=>29@?$
9=>29A$ $

67677.89D;N$ 7.$<"8F$
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9=>29A$ $

7.JQ9G)NN$ 7.$<"$
J=>299?$@=>29@?$
J=>29A$ $

7.JQ9G5))$ 7.$<)$
:=>299?$9=>29@?$
:=>29A$ $

7.JQ9G5K1$ 7.$<"$ @=>299?$@=>29A$ $
7.JQ9G5K#$ 7.$<"$ A=>29@$ $

7.JQ9G5;#$ 7.$<<8F$
9=>299?$J=>29@?$
9=>29A$ $

7.JQ9G5*&$ 7.$<)$
J=>299?$9=>29@?$
J=>29A$ $

7.JQ9G5E"$ 7.$<<$
9=>299?$9=>29@?$
9=>29A$ $

7.JQ9G(1N$ 7.$<"$
J=>299?$9=>29@?$
J=>29A$ $

7.JQ9G(R1$ 7.$<"$ 9=>299?$9=>29A$ $

7.JQ9G(+-$ 7T7.$<$
G=>299?$J=>29@?$
H=>29A$ $

7.JQ9GKI0$ 7.$<)$ A=>29@$ $

7.JQ9GKLI$ 7.$<"$
9J=>299?$A=>29@?$
9J=>29A?$C=>B$ $

7.JQ9GM";$ 7.$<"$
9:=>299?$9@=>29A?$
:=>B$ $

7.JQ9GM"=$ 7.$<1)$
G=>299?$G=>29A?$
@=>B?$9=>,$ $

7.JQ9GM)*$ 7T7.$<$ 99=>29@$ $
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7.JQ9GMM"$ 7.$<<$
9=>299?$A=>29@?$
9=>29A$ $

7.JQ9GM*2$ 7.$<<+$
9=>299?$:=>29@?$
9=>29A$ $

7.JQ9GM02$ 7.$<<$
J=>299?$J=>29A?$
@=>B?$@=>,$ $

7.JQ9GM/;$ 7.$<"$ J=>299?$J=>29A$ $
7.JQ9GM4F$ 7.$<"$ J=>299?$J=>29A$ $
7.JQ9G;1R$ 7.$<<$ H=>29@$ $

7.JQ9G;))$ 7.$<<+$
D=>299?$D=>29A?$
@=>B?$@=>,$ $

7.JQ9G;0$ 7.$<"$
@=>299?$@=>29@?$
@=>29A$ $

7.JQ9G;+$ 7.$<"$
:=>299?$9=>29@?$
:=>29A$ $

7.JQ9G;F*$ 7.$<<$ 9:=>29@$ $

7.JQ9G;2S$ 7.$<<$
@=>299?$9=>29@?$
@=>29A?$9=>2JQ$ $

7.JQ9G;#F$ 7.$<)$ :=>29@$ $

7.JQ9G;=L$ 7.$<<$
J=>299?$:=>29@?$
9=>29A$ $

7.JQ9G;N"$ 7.$<"$
@=>299?$9=>29@?$
@=>29A$ $

7.JQ9G*K/$ 7.$<"$
@=>299?$:=>29@?$
J=>29A$ $

7.JQ9G*R+$ 7.$<<+$
99=>299?$9Q=>29A?$
J=>B?$9=>,$ $

7.JQ9G*0R$ 7.$<<$ 9=>299?$@=>29@$ $
7.JQ9G*/($ 7.$<<$ 9=>299?$@=>29@$ $

7.JQ9G*/E$ 7.$<)$

9Q=>299?$@=>29@?$
9Q=>29A?$9=>B?$
9=>,$ $

7.JQ9G*44$ 7.$<<$ 9J=>29@$ $

7.JQ9GR"+$ 7T7.$<$
J=>299?$@=>29@?$
J=>29A$ $

7.JQ9GR(*$ 7.$<<$
G=>299?$9=>29@?$
A=>29A$ $

7.JQ9GRK-$ 7.$<<+$ :=>299?$9=>29@$ $

7.JQ9GRK4$ 7.$<1+$
J=>299?$9=>29@?$
9=>29A$ $

7.JQ9GF+$ 7.$<<$ D=>29@$ $
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7.JQ9G4F$ 7.$<<$ :=>29@$ $

7.JQ9GN4$ 7.$<"$
J=>299?$:=>29@?$
J=>29A$ $

7.JQ9H""5$ 7.$<<8F$ A=>299?$D=>29A$ $
7.JQ9H"ME$ 7.$<"$ @=>299?$@=>29A$ $

7.JQ9H";S$ 7.$<"$
9=>299?$:=>29@?$
9=>29A$ $

7.JQ9H"&L$ 7.$<"$
J=>299?$9=>29@?$
J=>29A$ $

7.JQ9H"F&$ 7.$<"$
9=>299?$J=>29@?$
9=>29A$ $

7.JQ9H"#S$ 7T7.$<<$
J=>299?$G=>29@?$
J=>29A$ $

7.JQ9H1(;$ 7.$<1$
J=>299?$J=>29@?$
J=>29A$ $

7.JQ9H1ML$ 7.$<"$
9=>299?$9=>29@?$
9=>29A$ $

7.JQ9H1*($ 7.$<"$
9=>299?$9=>29@?$
9=>29A$ $

7.JQ9H1-L$ 7.$<<$
A=>299?$@=>29@?$
D=>29A$ $

7.JQ9H)+K$ 7.$<<+$ @=>299$ $
7.JQ9H)&S$ 7.$<<$ D=>29@$ $
7.JQ9H()$ 7.$<)$ G=>29@?$@=>B$ $
7.JQ9H(0#$ 7.$<<$ 9=>299?$:=>29@$ $
7.JQ9H(+)$ 7.$<"$ J=>29@?$9=>B$ $
7.JQ9H(&4$ 7.$<"$ J=>29@?$J=>B$ $

7.JQ9H(F;$ 7.$<<$
J=>299?$G=>29@?$
@=>29A$ $

7.JQ9H(4N$ 7.$<<$
J=>299?$J=>29@?$
J=>29A$ $

7.JQ9H(=1$ 7.$<"$ 9=>29@?$J=>B$ $
7.JQ9H(=)$ 7.$<"$ J=>29@?$J=>B$ $

7.JQ9HK)M$ 7T7.$<$
9=>299?$9=>29@?$
9=>29A$ $

7.JQ9HKKR$ 7T7.$<$
:=>299?$J=>29@?$
G=>29A$ $

7.JQ9HK*#$ 7.$<<$ G=>29@$ $
7.JQ9HK/-$ 7.$<<$ 9=>299?$D=>29@$ $
7.JQ9HK4=$ 7.$<<$ @=>299?$9=>29@$ $
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7.JQ9HMK#$ 7T7.$<$
@=>299?$9=>29@?$
@=>29A$ $

7.JQ9HM;1$ 7.$<"$
9=>299?$J=>29@?$
9=>29A$ $

7.JQ9HM*/$ 7.$<)$
@=>299?$9=>29@?$
@=>29A$ $

7.JQ9HMR=$ 7.$<<1$
@=>299?$:=>29@?$
9=>29A$ $

7.JQ9HM'$ 7.$<"$ @=>299?$J=>29A$ $

7.JQ9HM-E$ 7.$<)$
:=>299?$:=>29@?$
:=>29A$ $

7.JQ9H;K0$ 7.$<<$ D=>29@?$9=>B$ $
7.JQ9H;KF$ 7.$<"$ 9=>29@?$9=>B$ $
7.JQ9H;M)$ 7.$<"$ J=>29@?$9=>B$ $

7.JQ9H;;+$ 7.$<"$
9=>299?$9=>29A?$
J=>B$ $

7.JQ9H;RI$ 7.$<"$ J=>29@?$9=>B$ $

7.JQ9H;R=$ 7.$<1$
9=>299?$:=>29@?$
9=>29A$ $

7.JQ9H;#*$ 7T7.$<$
D=>299?$J=>29@?$
D=>29A$ $

7.JQ9H;##$ 7.$<"$ 9=>299?$9=>29A$ $

7.JQ9H*11$ 7T7.$<$
@=>299?$J=>29@?$
@=>29A$ $

7.JQ9H*'/$ 7.$<"$
9=>299?$@=>29@?$
9=>29A$ $

7.JQ9H*/S$ 7.$<<$ C=>29@$ $

7.JQ9H*4)$ 7.$<<$
J=>299?$J=>29@?$
J=>29A$ $

7.JQ9HRKL$ 7.$<<$ 9=>299?$G=>29@$ $

7.JQ9HRE1$ 7.$<<$
@=>299?$9=>29@?$
@=>29A$ $

7.JQ9HREN$ 7.$<"$ 9=>29@?$9=>B$ $

7.JQ9HR0#$ 7.$<1+$
J=>299?$J=>29@?$
9=>29A$ $

7.JQ9HE;;$ 7.$<<+$ @=>299$ $

7.JQ9HEF&$ 7.$<<$
J=>299?$@=>29@?$
J=>29A$ $

7.JQ9HEL2$ 7.$<)$
J=>299?$@=>29@?$
J=>29A$ $

7.JQ9H'5/$ 7.$<<$ A=>29@$ $
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7.JQ9H'K($ 7T7.$<$
J=>299?$J=>29@?$
J=>29A$ $

7.JQ9H&;$ 7.$<"$
C=>299?$9=>29@?$
A=>29A?$@=>B$ $

7.JQ9H2I$ 7.$<"$
@=>299?$H=>29@?$
@=>29A$ $

7.JQ9HN/$ 7.$<"$ @=>299?$@=>29A$ $
7.JQ9C"1/$ 7.$<<$ :=>29@$ $
7.JQ9C"EM$ 7.$<"$ J=>29@?$9=>B$ $

7.JQ9C"F($ 7.$<)$
9=>299?$J=>29@?$
9=>29A$ $

7.JQ9C"-L$ 7.$<<$ J=>299?$J=>29@$ $
7.JQ9C"IS$ 7.$<"$ 9=>29@?$9=>B$ $
7.JQ9C1"&$ 7.$<<1$ J=>299?$9=>29A$ $
7.JQ9C15L$ 7.$<"$ J=>29@?$9=>B$ $
7.JQ9C1E"$ 7.$<"$ J=>299?$J=>29A$ $

7.JQ9C1E)$ 7.$<)8F$
9=>299?$9=>29@?$
9=>29A$ $

7.JQ9C)R$ 7.$<1+$ :=>299?$J=>29@$ $
7.JQ9C20$ 7.$<"$ D=>29@$ $

7.JQ9C-&$ 7.$<"$
D=>299?$9=>29@?$
:=>29A$ $

7779JQH9Q8J@9HQJ8
DAQCJA$ 7T7.$<)$ 9J=>29@$

.*);&''$(#$"'X$
YJQ9:Z$

7779@QJJ989@@@@Q8
9C::DG$ 7.$<<+$ G=>299?$A=>29@$ $
7779@Q:Q:89QJQ:@8
QAJADG$ 7.$<"$

J=>299?$@=>29@?$
J=>29A$ $

O%3_9G@::GGD8J:QCQ:J$
V"2*"1'($
-#"2$ 9=>299?$9=>29A$ $

*3O\9@5M($ 7.$<"$ :=>299?$:=>29A$ $
!
!
&189*!4g!&<)19!-708*2!<@!=;:*-;*!@:9*=!2*9*1=*K!:-!),*!>12:<7=!@<201)=!K*=;2:8*K!
,*2*/!!
!
678%'!()%' 6.#,"&' *+,-%#'./'678%5' 9"&"':.8+,%'
P\`7%J$9!$-F()#2"$ B*+"2N$#"1'($ DDAQ$ QX@$>B$
P\`7%J$J!$-F()#2"'$*0"M(-$ \<O7$*0"M($ DDAQ$ 9CX9$>B$
7`\<$9!$-F()#2"$ B*+"2N$#"1'($ @:J$ QXQJ$>B$
7`\<$J!$-F()#2"'$*0"M(-$ \<O7$*0"M($ @:J$ 9X@$>B$



!
!

! "N!

7`\<$*0"M(-$ \<O7$*0"M($ 9DHQ$ 9JX:$>B$
7`\<$*0"M($I(*M;#-$ \<O7$*0"M($ 9DHQ$ 9JX:$>B$
O`O6T$ $ 9:CA:$ :DX:$>B$

!

(.1.,-.&>60.-&
!
!"#"$%&'()#*+,-$."/*01"#*+,$",'$2("/*#3$

!"#$%&'()#'*+,-./0,/*1,#,2314.2-1/5#62-2#256#.+67,-1/5#
!"#$% &#'"()#*"+,-% C! =*)! <@! ""! 8:1=! @210*=! 12*! )?+:;199?! )1[*-! *1;,! 1@)*2-<<-! <@!
#$%%&'!$I'%J3!<8=*2>1):<-=!1-K!12*!7=*K!)<!;2*1)*!1!-:H,)9?!01=)*2!8:1=/!&,:=!
-:H,)9?!01=)*2!8:1=!@210*!:=!1++9:*K!)<!199!$I'%J3!K1)1!)1[*-V!:-;97K:-H!),*!=+*;D
)2<=;<+:;!@210*=V!),*!1;d7:=:):<-!:01H*=!1-K!1-?!+,<)<0*)2:;!:01H:-H/!&,*!@210*!
7=*K!@<2!),*!8:1=!=78)21;):<-!;1-!8*!)21;[*K!:-!),*!,*1K*2![*?G<2K/!!

ZEROCOR = ’bias_20130402_Gr11_Free_56448.fits 

&,*!@:9*!-10*!H:>*=!),*!K1)*!),*!8:1=!@210*=!G*2*!)1[*-V!),*!Z2:=0!1-K!@:9)*2!;<0D
8:-1):<-=!@<2!G,:;,!:)!:=!1++9:;189*!6<@!;<72=*!@<2!8:1=*=!),:=!:=!-<)!2*9*>1-)!87)!),*!
+:+*9:-*![**+=!)21;[!G:),!),:=!-<0*-;91)72*B!1-K!),*!\.W!<@!G,*-!),*!01=)*2!8:1=!
G1=! ;2*1)*K/! &,*! K12[! ;722*-)! :=! 9*==! ),1-! Q/P! *− +:M−1! ,2−1V! ,*-;*! G:),! )?+:;19!
#$%%&'!*M+<=72*=!8*:-H!(55D"S55=V!-<!K12[!@210*!;<22*;):<-!:=!01K*/!!

.'#*%/"0'1%&#'"()#*"+,%-%&,*!#$%%&'!=72>*?!)1[*=!=*)=!<@!=+*;)2<=;<+:;!-91)-**9K=!:-!
),*!1@)*2-<<-=!1)!1!)?+:;19!@2*d7*-;?!<@!<-;*!+*2!=78D27-!<@!QD4!-:H,)=/!!I:>*!*M+<D
=72*=!12*!)1[*-!G:),!01M:070!;<7-)!9*>*9=!<@!45V555DP5V555!CWi!@<2!*1;,!<@!),*!
H2:=0V!<2K*2!=<2):-H! -*9)*2V!1-K!=9:)!G:K),!;<08:-1):<-=!),1)!G*!7=*!6S!;<08:-1D
):<-=!:-!)<)19B/!$1;,!<@!),*=*!:=!;<08:-*K!)<!H:>*!1!01=)*2-91)!G,:;,!;1-!8*!1==<;:D
1)*K!G:),!),*!1++2<+2:1)*!=;:*-;*!<8=*2>1):<-=!@2<0!),*!=78D27-/!%

FLATCOR = ’nflat_20130413_Gr11_Free_slit1.0_100325221_56448.fits’ 

&,*! $I'%J3! JJW`45! :=! 1! ),:--*K! ;,:+V! ,*-;*! ,1=! =:H-:-*;1-)! @2:-H:-H! 8*?<-K!
E355R!1-K!),*!=*>*2:)?!K*+*-K=!7+<-!),*!H21):-H!7=*K/!&,*!<-9?!G1?!)<!2*0<>*!
@2:-H:-H!6:-!=+*;)2<=;<+:;!0<K*B!:=!)<!)1[*!1!;19:821):<-! -91)! -**9K!910+!*M+<=72*!
:00*K:1)*9?!1@)*2!<2!8*@<2*!),*!=;:*-;*!:01H*!1-K!7=*!),:=!)<!K:>:K*!:-)<!),*!=;:D
*-;*!=+*;)270/!#$%%&'!19G1?=!)1[*=!:-)*2-19!910+!-91)=!6Q!*M+<=72*=!<@!)?+:;199?!
45V555!CWi!01M:070!;<7-)!9*>*9B!1@)*2!)1[:-H!1-?!=;:*-;*!=+*;)21!G:),!Z2`"(/!
\<2*!K*)1:9=!<-!),*!*M1;)!0*),<K=!7=*K!12*!H:>*-!:-!%012))!*)!19/!635"PB/!!

2+$3"&%)#4%)03+5#'%-%&,*!#$%%&'!+:+*9:-*!:-;<2+<21)*=!1!0<K:-**K!>*2=:<-!<@!),*!
+?),<-!:0+9*0*-)1):<-!!<@!]B1&$PX1!!A^B+!T.::?J!2>>FD!)<!2*0<>*!;<=0:;!21?=!:-!),*!
;*-)219!355!+:M*9=!12<7-K!),*!<8A*;)!6:/*/!;*-)219!+:M*9!±"55!+:M*9=B/!!

!
Arc frames and wavelength calibrations-%C2;!@210*=!12*!)1[*-!:-!),*!*>*-:-H!8*@<2*!<8D
=*2>:-H!1-K!:-!),*!0<2-:-H!1@)*2!),*!-:H,)!-*-:=,*=/!$I'%J3!,1=!,*9:70!1-K!12H<-!
910+=!1-K!#$%%&'!7=*=!8<),!<@!),*=*!910+=!)72-*K!<-!)<H*),*2/!F<!12;!@210*=!
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12*!)1[*-!K72:-H!),*!-:H,)!)<!2*K7;*!<>*2,*1K=/!C9),<7H,!$I'%J3!=7ff*2=!@2<0!
=:H-:-*;1-)!-9*M72*!1=!),*!:-=)270*-)!2<)1)*=!1)!),*!-1=0?),!@<;7=!6G,:;,!;1-!8*!4!
+:M*9=!<>*2!355!K*H2**=!:-!2<)1):<-BV!),*!-9*M72*!;17=*=!1!2:H:K!=,:@)!<@!),*!G1>*D
9*-H),!@210*/!T*-;*!G*!1++9?!),*!;19:821):<-!K*)*20:-*K!@2<0!),*!*>*-:-H!12;!
@210*=!1-K!1KA7=)!),:=!G:),!1!9:-*12!<ff=*)!1=!0*1=72*K!@2<0!*:),*2!),*!=[?9:-*=!<2!
1)0<=+,*2:;!18=<2+):<-!9:-*=/!!X*91):>*9?!,:H,!<2K*2!j*H*-K2*!+<9?-<0:19!@:)=!6PD
(B!12*!-**K*K!)<!@:)!),*!$I'%J3!12;!9:-*=!G:),!1!@:)!G,:;,!+2<K7;*=!-<!=?=)*01):;!
2*=:K719=/!&,*!-708*2!<@!12;!9:-*=!7=*K!@<2!),*!K:=+*2=:<-!=<97):<-!<@!*1;,!<8A*;)V!
19<-H!G:),!),*!X\%!*22<2V!12*!H:>*-!:-!),*!,*1K*2!<@!),*!2*K7;*K!=+*;)21!8?!),*![*?D
G<2K=!LAMNLIN 1-K!LAMRMS 2*=+*;):>*9?/!&,*!@<2019!X\%!>197*=!12*!+2<8189?!)<<!
=0199!)<!2*19:=):;199?!2*+2*=*-)!),*!7-;*2)1:-)?!:-!),*!G1>*9*-H),!;19:821):<-!1)!1-?!
+12):;7912!+<:-)V!H:>*-!),*!IOT\!<@!),*!12;9:-*=!:=!"QD"ER/!T*-;*!),:=!0:H,)!=7HD
H*=)!<>*2D-*)):-H!<@!),*!=10+9*K!+<:-)=/!C=!1!;<0+12:=<-V!j*H*-K2*!+<9?-<0:19=!
G:),!<2K*2!4!+2<K7;*K!<8>:<7=!=?=)*01):;!2*=:K719=!1-K!X\%!>197*=!<@!8*)G**-!
5/4D"/5R!@<2!1!"/5_!=9:)!1-K!"D"/SR!!@<2!1!"/kkP!=9:)/!I<2!*M+<=72*=!9<-H*2!),1-!Q55!=V!
),*!9:-*12!=,:@)!1++9:*K!)<!),*!K:=+*2=:<-!=<97):<-!:=!0*1=72*K!@2<0!),*!-:H,)!=[?!
*0:==:<-!9:-*=/!I<2!=,<2)*2!*M+<=72*=!=7;,!1=!=+*;)2<+,<)<0*)2:;!=)1-K12K=V!),*!
-:H,)!=[?!9:-*=!12*!-<)!>:=:89*V!1-K!),*!=,:@)!:=!:-=)*1K!0*1=72*K!@2<0!),*!)*9972:;!
18=<2+):<-=!:-!),*!*M)21;)*K!"W!=+*;)270/!&,*!9:-*12!=,:@)=!12*!)?+:;199?!:-!),*!
21-H*!<@!(D"Q!R!@<2!Z2`""!1-K!Z2`"Q/!L-!),*!;1=*!<@!Z2`"(!=+*;)21!),*!=,:@)=!G*2*!
7=7199?!=0199*2V!7=7199?!4DN!R/!&,:=!>197*!<@!9:-*12!=,:@)!:=!2*;<2K*K!:-!),*!,*1K*2!
[*?G<2K!%TLI&/!&,*!9:-*12!=,:@)=!12*!;19;791)*K!8?!;2<==D;<22*91):-H!),*!<8=*2>*K!
=+*;)270!6=[?!<2!=)1-K12KB!G:),!1!=*2:*=!<@!9:8212?!2*=)@210*!=+*;)21!G,:;,!12*!
<@@!=*)!8?!5/"R/!&,*!9:8212?!=+*;)270!G,:;,!+2<K7;*=!),*!0:-:070!:-!),*!;2<==D
;<22*91):<-!@7-;):<-!:=!)1[*-!1=!),*!;<22*;)!01);,!1-K!),:=!=,:@)!:=!1++9:*K/!&,:=!
0*),<K!9:0:)=!),*!+2*;:=:<-!<@!),*!=,:@)!)<!5/"RV!G,:;,!:=!2<7H,9?!"Y45!<@!1!+:M*9!
1-K!9*==!),1-!"Y"55!<@!1!2*=<97):<-!*9*0*-)/!&,:=!>197*!<@!5/"R!:=!2*;<2K*K!:-!),*!
,*1K*2!1=!),*!=?=)*01):;!*22<2!:-!),*!G1>*9*-H),!;19:821):<-!6%#$Jl%m$B/!I<2!199!
$I'%J3!=+*;)21!),*!G1>*9*-H),!1M:=!2*+<2)=!G1>*9*-H),=!1=!0*1=72*K!:-!K2?!1:2/!
%
%+*;)2<+,<)<0*)2:;!=)1-K12K=!1-K!@97M!;19:821):<-g!#$%%&'!7=*=!1!=*)!<@!N!=+*;D
)2<+,<)<0*)2:;!=)1-K12K!=)12=! @<2!6=**!%012))!*)!19/!35"PB!1-K!G*!)?+:;199?!<8D
=*2>*!1-!$I'%J3!=+*;)2<+,<)<0*)2:;!=)1-K12K!),2**!):0*=!+*2!-:H,)!6=)12)V!0:KD
K9*!1-K!*-KBV!19),<7H,!:@!),*2*!12*!=:H-:@:;1-)!%'IL!<8=*2>1):<-=!<2!G*1),*2!:-)*2D
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FLUXERR = 36 /Fractional uncertainty of the flux [%] 
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Fig 2. Combined blue and red grism SOFI spectra of SN 2012ec taken on 2013 September 24. Overplotted in grey is the 
atmospheric transmission, showing the correspondence between regions of low transparency and poor S/N in the spec-
trum. 

*+",-& ."/0& "1.& 2/3,,45"$0& 23//%25+316& &,*! K*)*;)<2! 8:1=! <ff=*)! 1-K! =)27;)72*! :=! =78D
)21;)*K!19<-H!G:),!),*!=[?!81;[H2<7-KV!1=!:=!=)1-K12K!+2<;*K72*!G:),!,:=!;,:+/!
&,*!%'IL!K*)*;)<2!=7ff*2=!@2<0!;2<==!)19[V!G,*2*!1!82:H,)!=<72;*!<-!*:),*2!<@!),*!
)G<!7++*2!<2!9<G*2!d71K21-)=!<@!),*!K*)*;)<2!G:99!8*!1;;<0+1-:*K!8?!1!^H,<=)_!
<-!),*!;<22*=+<-K:-H!2<G!<-!),*!<++<=:)*!)G<!d71K21-)=/!&,:=!;2<==D)19[!*ff*;)!:=!
;<22*;)*K!@<2!G:),:-!),*!#$%%&'!+:+*9:-*!8?!=700:-H!*1;,!2<G!<-!),*!K*)*;)<2V!
=;19:-H!8?!1!;<-=)1-)!>197*V!1-K!=78)21;):-H!@2<0!),*!<++<=:)*!d71K21-)=/&

7$"5&fi%$.&2"$+#/"5+316&&,*!910+D<ff -91)=!12*!=78)21;)*K!@2<0!),*!910+D<-!-91)=V!)<!2*D
0<>*!),*!),*2019!81;[H2<7-K!<@!),*!=?=)*0/!&,*=*!=78)21;)*K!-91)!-**9K=!12*!;<0D
8:-*K!1-K!-<2019:a*K!1-K!7=*K!)<!;<22*;)!@<2!),*!+:M*9!)<!+:M*9!>12:1):<-=!:-!K*D
)*;)<2!=*-=:):>:)?!:-!),*!=;:*-;*!1-K!=)1-K12K!=)12!@210*=/!&,*!10+9:)7K*!<@!),*!
>12:18:9:)?!:-!),*! -91)! -**9K!:=!c4]!@<2!),*!2*K!H2:=0!1-K!c(]!@<2!),*!897*!H2:=0/!
&G<!-<2019:a*K!2*K!H2:=0!-91)!-**9K=!)1[*-!cP!0<-),=!1+12)!=,<G!*M1;)9?!),*!=10*!
=)27;)72*V!K*0<-=)21):-H!),1)!),*!-91)!-**9K!:=!=)189*V!1-K!),1)!),*!7=*!<@!0<-),9?!
;19:821):<-=!:=!A7=):@:*K!6=**!%012))!*)!19/!35"PB/!&

C2;! @210*=!1-K!G1>*9*-H),!;19:821):<-=! g! !G1>*9*-H),!;19:821):<-! :=!+*2@<20*K!
7=:-H!=+*;)21!<@!1!o*-<-!12;!910+/!&<!@:)!),*!K:=+*2=:<-!=<97):<-!<@!),*!12;!=+*;)21!
G:),<7)!1-?!=?=)*01):;!2*=:K719=!2*d7:2*=!1!4),!<2K*2!+<9?-<0:19!@:)!6=**!&189*!3!
@<2!K*)1:9=!<@!-708*2=!<@!9:-*=!1-K!X\%B/!&,:=!K:=+*2=:<-!=<97):<-!:=!1++9:*K!)<!),*!
)G<!K:0*-=:<-19!=+*;)21!1-K!),*!=[?!9:-*=!12*!;2<==D;<22*91)*K!G:),!1-!1;;721)*9?!
;19:821)*K!)*0+91)*!=[?/! !C! 9:-*12!=,:@)! :=!1++9:*K!)<!),*!G1>*9*-H),!;19:821):<-!
1-K!2*;<2K*K!:-!),*!,*1K*2![*?G<2K!%TLI&/!C=!G:),!),*!$I'%J3!;<22*;):<-V!),*!
+2*;:=:<-!<@!),*!G1>*9*-H),!;<22*;):<-!:=!9:0:)*K!)<!5/"RV!K7*!)<!),*!=;19*!<@!),*!
=,:@)=!:-!),*!9:8212?!=[?!=+*;)21!*0+9<?*K/!T*-;*!),:=!>197*!<@!5/"RV!:=!1H1:-!2*;D
<2K*K!1=!),*!=?=)*01):;!*22<2!:-!),*!G1>*9*-H),!;19:821):<-!6%#$Jl%m$B/!C=!G:),!
$I'%J3!=+*;)21V!@<2!199!%'IL!=+*;)21!),*!G1>*9*-H),!1M:=!2*+<2)=!G1>*9*-H),=!1=!
0*1=72*K!:-!K2?!1:2/!!

809&,:#5/"25+31&"1.&,;%25/"$&%<5/"25+31&6&!%'IL!=+*;)21!@<2!#$%%&'!12*!)1[*-!:-!1-!CbbC!
K:),*2!+1))*2-/!&,:=!+1))*2-!;<-=:=)=!<@!)1[:-H!1!-*2=)!6C!!B!*M+<=72*!1)!1!+<=:):<-!qCpV!
),*-!0<>:-H!),*!)*9*=;<+*!=<!),1)!),*!)12H*)!:=!=,:@)*K!19<-H!),*!=9:)!<@!%'IL!8?!cPD
"5!''	)<!+<=:):<-!qbp/!&G<!*M+<=72*=!12*!)1[*-!1)!qbp!6b!"1-K!b#BV!8*@<2*!),*!)*9*=;<+*!
:=!<ff=*)!81;[!)<!qCp!G,*2*!1!-*-19!*M+<=72*!6C#B!:=!)1[*-/!&,*!+:+*9:-*!=78)21;)=!*1;,!
+1:2!<@!<8=*2>1):<-=!6:/*V!C$"fb$+!b!DC!V!b#DC#V!C#Db#B!)<!H:>*! :-K:>:K719!8:1=D!1-K!
=[?D=78)21;)*K!@210*=!1-K!=,:@)=!),*=*!=[?D=78)21;)*K!@210*=!=<!),1)!),*!)21;*!<@!



!
!

! 34!

),*!)12H*)!:=!1)!1!;<-=)1-)!+:M*9!+<=:):<-V!1-K!!),*!@210*=!12*!),*-!;<08:-*K/!I:D
-199?V!),*!=+*;)270!:=!<+):0199?!*M)21;)*K!:-)*21;):>*9?/!!

60''7)"&%#($+)8*"+,%&+))0&*"+,%-%!C^)*9972:;!=)1-K12K_!:=!<8=*2>*K!:00*K:1)*9?!+2:<2!
)<!<2!@<99<G:-H!),*!=;:*-;*!=+*;)270V!1-K!1)!1!=:0:912!1:201==/!&,*!=+*;)270!<@!),*!
)*9972:;!=)1-K12K!:=!),*-!K:>:K*K!8?!1-!1++2<+2:1)*!)*0+91)*!=+*;)270!<@!),*!=10*!
=+*;)219! )?+*V!?:*9K:-H!1-!18=<2+):<-!=+*;)270!@<2!),*!)*9972:;! @*1)72*=/!&,*!18D
=<2+):<-!=+*;)270!:=!),*-!K:>:K*K!:-)<!),*!=;:*-;*!=+*;)270!)<!;<22*;)!@<2!),*!)*9D
972:;!18=<2+):<-/!C=!+12)!<@!#$%%&'V!G*!<8=*2>*!*:),*2!1!e*H1D9:[*!6=+*;)219!)?+*!
C5eB! <2! 1! %<912! 1-19<H! 6Z3eB! )*9972:;! =)1-K12K! @<2! *1;,! %'IL! =+*;)270/! &,*!
#$%%&'!+:+*9:-*!7=*=!),*!;9<=*=)!6:-!):0*B!<8=*2>*K!)*9972:;!=)1-K12K!)<!*1;,!=;:D
*-;*!<2!=)1-K12K!=)12!=+*;)270/%

980&*)+8:+*+30*)"&%$*#,1#)1$%#,1%/'7;%&#'"()#*"+,!g!&,*!+2<;*==!@<2!;<22*;):-H!),*!
=+*;)270!@<2!),*!)*9972:;!18=<2+):<-!19=<!+2<>:K*=!1!0*1-=!@<2!-97M!;19:821):<-!7=D
:-H!),*!T:++12;<=!L!<2!e!+,<)<0*)2?!<@!),*!=<912!1-19<H=!1-K!e*H1!=)1-K12K=!7=*K/!
&,*!-97M!<@!),*!<8=*2>*K!)*9972:;!=)1-K12K!=+*;)270!:=!=;19*K!)<!01);,!),*!)18791)*K!
+,<)<0*)2?V!G:),!),*!1==70+):<-!),1)!),*!)*9972:;!=)1-K12K=!,1>*!),*!=10*!;<9<2!
6)*0+*21)72*B!1=!e*H1!<2!),*!%7-/!C!=*;<-K!=)*+!:=!+*2@<20*K!)<!-97M!;19:821)*!),*!
=+*;)21!7=:-H!1!=+*;)2<+,<)<0*)2:;!=)1-K12K/!&,*!=+*;)2<+,<)<0*)2:;!=)1-K12K!:=!
2*K7;*K!1-K! ;<22*;)*K! @<2! )*9972:;! 18=<2+):<-!7=:-H!1! )*9972:;! =)1-K12KV!G:),! ),*!
=10*!)*;,-:d7*!1=!7=*K!@<2!),*!=;:*-;*!)12H*)=/!&,:=!;<22*;)*K!=)1-K12K!=+*;)270!:=!
),*-!;<0+12*K!G:),!:)=!)18791)*K!-97MV!1-K!),*!=;:*-;*!@210*!:=!),*-!9:-*129?!=;19*K!
:-!-97M!)<!;<22*;)!@<2!1-?!-97M!K:=;2*+1-;?/!&,*2*!12*!<-9?!1!,1-K@79!<@!=+*;)2<+,<)<D
0*)2:;!=)1-K12K!=)12=!G,:;,!,1>*!)18791)*K!-97M*=!*M)*-K:-H!<7)!1=!@12!1=!),*!KD81-K!
69:=)*K!:-!&189*!3!<@!%012))!*)!19/!35"PB/!C99!%'IL!=+*;)21!,1>*!),*!@<99<G:-H![*?D
G<2K!G,:;,!K*-<)*=!G,:;,!)*9972:;!=)1-K12K!G1=!7=*K!@<2!8<),!),*!)*9972:;!;<2D
2*;):<-!1-K!),*!:-:):19!-97M!;19:821):<-/!

SENSFUN = ’Hip105672_20130816_GB_merge_57000_1_ex.fits’ /tell stand frame 

&,*!=+*;)2<+,<)<0*)2:;!-97M!=)1-K12K!@2<0!%012))!*)!19/!635"Pn!&189*!QB!7=*K!
)<!1KK:):<-199?!=;19*!),*!-97M!1-K!),*![*?G<2K!SENSPHOT :=!1KK*K!)<!),*!,*1K*2V!
G:),!),*!=+*;)270!7=*K!)<!1++9?!),*!-97M!;19:821):<-/!&,:=!-*9*!,1=!),*!-10*!<@!),*!
=)1-K12K!!918*99*K/!!

SENSPHOT= ’sens_Feige110_20130816_GB_merge_57000_1_f.fits’ / sens used to flux cal 

&<!:0+2<>*!),*!=;19:-H!<@!),*!18=<97)*!@97M!9*>*9=!<@!),*!=+*;)21V!G*!*0+9<?!),*!
!"#$!:01H:-H!),1)!:=!-<20199?!K<-*!G,*-!%'IL!=+*;)21!12*!)1[*-/!%?-),*):;!!!1-K!
"D81-K!+,<)<0*)2?!G1=!+*2@<20*K!<-!),*!897*!H2:=0!=+*;)21V!1-K!"!1-K!#D81-K!
+,<)<0*)2?!<-!),*!2*K!H2:=0!=+*;)21/!&,*!01H-:)7K*!<@@=*)=!8*)G**-!),*!!"#!=?-D
),*):;!+,<)<0*)2?!1-K!),*!!"#!1+*2)72*!+,<)<0*)2?!+2<>:K*!=;19:-H!@1;)<2=!<@!),*!
18=<97)*!@97M!9*>*9=!1++9:*K!)<!),*!=+*;)21/!O*!7=*!),*!X\%!<@!),*!a*2<+<:-)=!0*1=D
72*K!<>*2!),*!?*12!1=!),*!)?+:;19!7-;*2)1:-)?!:-!),*!18=<97)*!@97M!;19:821):<-/!!

&,:=!7-;*2)1:-)?!:-!),*!18=<97)*!@97M!;19:821):<-!:=!2*;<2K*K!:-!),*!,*1K*2=!<@!199!
%'IL!=+*;)21!G:),!),*!@<99<G:-H!,*1K*2![*?G<2K!61=!K<-*!@<2!$I'%J3B!g!!

FLUXERR = 22.0 /Fractional uncertainty of the flux [%] 
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!

9"#'&%8#1:2;15;#,2314.2-1/5#<.2:+0#256#.+67,-1/5#

!"#$<%&)+$$=*#'>%#,1%/'#*%&#'"()#*"+,!g!%'IL!:01H:-H!:=!;122:*K!<7)!1=!K*@179)!G,*-!
=+*;)2<=;<+?!:=!K<-*V!+2<>:K:-H!:01H*=!G:),!1!4/N!12;0:-!-**9K!<@!>:*G!65.2N!12;=*;!
+:M?$B/!&,*!;2<==!)19[!*ff*;)!:=!-*2=)!;<22*;)*K!1=!@<2!),*!=+*;)21!1-K!199!:01H*=!12*!
),*-!-91)!-**9K*K!7=:-H!K<0*!-91)=V!G,:;,!12*!)?+:;199?!)1[*-!<-!1-!1--719!81=:=/!
#1:2=!<@!-91)=!12*!)1[*-!G:),!),*!K<0*!=;2**-!:9970:-1)*K!1-K!7-D:9970:-1)*Kn!),*!
91))*2!12*!),*-!=78)21;)*K!@2<0!),*!@<20*2!)<!1;;<7-)!@<2!8:1=!1-K!),*2019!81;[D
H2<7-K/!\79):+9*!-91)=!12*!;<08:-*KV!1-K!),*-!7=*K!)<!2*K7;*!),*!=;:*-;*!K1)1/ 
C-!:9970:-1):<-!;<22*;):<-!:=!19=<!1++9:*KV!)<!1;;<7-)!@<2!),*!K:ff*2*-;*!8*)G**-!
),*!:9970:-1):<-!+1))*2-!<@!),*!K<0*!-91)=!1-K!),*!1;)719!:9970:-1):<-!<@!),*!-:H,)!
=[?/!&,*!:9970:-1):<-!;<22*;):<-!:=!K*)*20:-*K!8?!:01H:-H!1!82:H,)!=)12!1)!*1;,!
+<=:):<-!:-!1!4×4!H2:K!<-!),*!K*)*;)<2/!&,*!:-)*-=:)?!<@!),*!=)12!:=!),*-!0*1=72*K!
1)!*1;,!+<=:):<-V!1-K!1!)G<DK:0*-=:<-19!+<9?-<0:19!:=!-*))*K/!&,:=!+<9?-<0:19!:=!
-<2019:=*K!)<!7-:)?V!=<!),1)!:)!;1-!8*!1++9:*K!)<!),*!:01H:-H!K1)1!1=!1!079):+9:;1D
):>*!;<22*;):<- 
!
9>4%$7(*)#&*"+,%-!I<2!)12H*)=!),1)!12*!:-!2*91):>*9?!7-;2<GK*K!-**9K=V!1!K:),*2!+1)D
)*2-!:=!*0+9<?*K!G,*2*!),*!)*9*=;<+*!:=!0<>*K!)<!@<72!<ff=*)!+<=:):<-=!<-!),*!=[?V!
G,:9*![**+:-H!),*!)12H*)!:-!),*!-**9K!<@!>:*G!6^<-D=<72;*!=[?!=78)21;):<-_B/!&<!K*D
)*20:-*!),*!=[?!81;[H2<7-KV!),*!@<72!@210*=!12*!),*-!0*K:1-!;<08:-*K!G:),<7)!
1++9?:-H!<ff=*)=V!2*A*;):-H!+:M*9=!@2<0!1-?!:-K:>:K719!:01H*!G,:;,!12*!0<2*!),1-!1!
;*2)1:-!),2*=,<9K!18<>*!),*!0*K:1-/!&,:=!:-:):19!=[?!:01H*!:=!=78)21;)*K!@2<0!*1;,!
:-K:>:K719!@210*!:-!<2K*2!)<!<8)1:-!1!:-:):19!=[?D=78)21;)*K!:01H*=/!&,*=*!@210*=!
12*!7=*K!)<!:K*-):@?!),*!+<=:):<-=!<@!199!=<72;*=!1-K!;2*1)*!1!01=[!@210*!@<2!*1;,!
=;:*-;*!:01H*/!I<2!*1;,!=*)!<@!@<72!:01H*=V!),*!@210*=!12*!),*-!0*K:1-!;<08:-*K!
1H1:-!G:),<7)!1++9?:-H!<ff=*)=!1-K!7=:-H!),*!01=[=!;2*1)*K!+2*>:<7=9?!)<!2*A*;)!199!
=<72;*=!1-K!+2<K7;*!),*!@:-19!=[?!:01H*/!&,*!@:-19!=[?!81;[H2<7-K!:01H*!:=!),*-!
=78)21;)*K!@2<0!*1;,!<@!),*!:-+7)!@210*=/!&,*!=[?D=78)21;)*K!:01H*=!12*!),*-!0<D
=1:;*K!)<H*),*2!)<!;2*1)*!1!=:-H9*!:01H*!7=:-H!),*!swarp +1;[1H*!6b*2):-!*)!19/!3553B/!
I<2!)12H*)=!G,:;,!12*!:-!1!;2<GK*K!-**9KV!<2!G,*2*!),*2*!:=!*M)*-K*K!K:ff7=*!*0:=D
=:<-!6=7;,!1=!-*128?!H191M:*=BV!#$%%&'!<8=*2>1):<-=!19)*2-1)*!8*)G**-!<8=*2>:-H!
),*!)12H*)V!1-K!<8=*2>:-H!1-!7-;2<GK*K!<ffD=<72;*!-**9K!12<7-K!∼P!12;0:-!@2<0!),*!
)12H*)!6)?+:;199?!@<72!@210*=!<-!=<72;*V!),*-!@<72!@210*=!<ff	=<72;*!12*!<8=*2>*KV!
K:),*2:-H!:-!*1;,!;1=*B/!&,*!<@@D=<72;*!@210*=!12*!),*-!7=*K!)<!;<0+7)*!1!=[?!@210*!
:-!),*!=10*!G1?!1=!@<2!),*!^<-D=<72;*!=[?!=78)21;):<-_/!&,*!<@@D=<72;*!=[?!@210*!:=!
),*-!=78)21;)*K!@2<0!*1;,!<@!),*!<-D=<72;*!:01H*=!<@!),*!)12H*)V!G,:;,!12*!),*-!
;<08:-*K!)<!;2*1)*!),*! -*-19!:01H*/!%:-;*!),*! -**9K!<@!>:*G!<@!%'IL!:=!21),*2!=0199!
64/N!12;0:-B!),*!1=)2<0*)2?!:=!-<)!=*)!@<2!=:-H9*!:01H*=/!L-=)*1KV!sextractor :=!27-!)<!
K*)*;)!=<72;*=!:-!:-K:>:K719!@210*=V!1-K!)<!;,*;[!),*!-<0:-19!K:),*2/!

C=)2<0*)2:;!;19:821):<-!g!&,*!1=)2<0*)2:;!;19:821):<-!G1=!K*2:>*K!7=:-H!),*!3\C%%!
2*@*2*-;*!;1)19<H7*=V!1-K!1!K:=)<2):<-!0<K*9!K*=;2:8*K!8?!1!=*;<-K!<2K*2!+<9?-<D
0:19/!C!)?+:;19!=;1))*2!<@!5/4D5/P!12;=*;!G1=!8**-!@<7-K!@<2!),*!=;:*-;*!@210*=!G:),!
12<7-K!"P!=)12=!7=7199?!2*;<H-:=*K!8?!),*!;1)19<H7*!:-!),*!@210*/!&,:=!)?+:;199?!:0D
+2<>*=!)<!1-!20=!∼5/3D5/Q!G:),!∼>Q5!=)12=//!&,*!:-@<201):<-!<-!),*!X\%!<@!RA and DEC 



!
!

! 3(!

*-$F2&4*5(5$*+$#;($-#"+5"25 %,!P,9 "+5$%,!P,J E(NI&25-$"+5$2(F("#(5?$"'&+M$I*#;$#;($
+/01(2$&K$-#"2-$/-(5$K&2$#;($)"'*12"#*&+?$*+$#;($3P77O`8-F()*K*)$E(NI&25 67O,`^PO/!!
!
!
@:+*+30*)"&%%&#'"()#*"+,%-!&,*!:-K:>:K719!%'IL!:01H*=V!G,:;,!),*0=*9>*=!12*!),*!
2*=79)!<@!),*!1>*21H*!;<08:-1):<-!<@!FWL&!:01H*=V!12*!),*-!0<=1:;*K!)<H*),*2!:-!1!
0*K:1-!;<08:-*!7=:-H!swarp/V!C-!1=)2<0*)2:;!;19:821):<-!:=!01K*V!8?!;2<==!;<22*91)D
:-H!),*!=<72;*=!K*)*;)*K!8?!sextractor G:),!),*!3\C%%!;1)19<H7*/!&,*!:-=)270*-)19!
1+*2)72*!01H-:)7K*=!<@! ),*!=<72;*=! :-! ),*! -**9K!1=!0*1=72*K!8?!daophot 12*! ),*-!
;<0+12*K! )<! ),*:2!;1)19<H7*K!3\C%%!01H-:)7K*=! )<!K*)*20:-*! ),*!+,<)<0*)2:;!
a*2<+<:-)V!G,:;,!:=!2*;<2K*K!:-!),*!,*1K*2!<@!),*!:01H*!1=!PHOTZP!G:),<7)!1-?!@72D
),*2!;<9<72!;<22*;):<-/!&,*!<),*2!2*9*>1-)!+,<)<0*)2:;![*?G<2K=!12*!1=! @<99<G=!
6=**!%012))!*)!19/V!35"P!@<2!0<2*!K*)1:9=B/!!
&

PSF_FWHM= 1.015714368/Spatial resolution (arcsec) 
ELLIPTIC= 0.142 /Average ellipticity of point sources 
PHOTZP = 25.4895217391  / MAG=-2.5*log(data)+PHOTZP 
PHOTZPER= 0.09695742781/error in PHOTZP 
FLUXCAL = ’ABSOLUTE’ /Certifies the validity of PHOTZP 
PHOTSYS = ’VEGA ’ / Photometric system VEGA or AB 
ABMAGSAT= 11.94145459901092/Saturation limit for point sources (AB mags) 
ABMAGLIM= 18.96704572844871/ 5-sigma limiting AB magnitude for point sources 
!
&,*!a*2<+<:-)!;<-@<20=!)<!$%'!%W#!=)1-K12K=!@<2!12;,:>*!:01H*=!1-K!;1-!8*!
*0+9<?*K!=:0+9?!1=!g!
!
!
! !

!
G,*2*!!J'iF&%,-.":=!),*!0*1=72*K!=:H-19!:-!CWi/!i=*2=!=,<79K!8*!1G12*!),1)!
),*=*!a*2<+<:-)=!12*!@<2!H7:K1-;*!21),*2!),1-!@<2!:00*K:1)*!1-K!7-;,*;[*K!=;:*-D
):@:;!7=*!@<2!+,<)<0*)2?!<@!)21-=:*-)=/!&,*!a*2<+<:-)=!=,<79K!19G1?=!8*!;,*;[*K!
G:),!3\C%%!=<72;*=V!=:-;*!),*!-708*2!1-K!82:H,)-*==!<@!)12H*)=!:-!17)<01)*K!=*D
9*;):<-!>12:<7=!;<-=:K*2189?!K7*!)<!),*!9:0:)*K!@:*9K!<@!>:*G!<@!%'IL/!"
&
&
&
9A.B%#)*"/#&*$%#,1%8)+('03%"3#C0$%-!&,*!%'IL!:01H*=!12*!;,121;)*2:a*K!8?!1!
-708*2!<@!2*;722:-H!@*1)72*=!G,:;,!12*!0<=)9?!2*91)*K!)<!),*!=[?!=78)21;):<-!
0*),<K!*0+9<?*K!18<>*/!I<2!*M10+9*V!I:H!Q!=,<G=!1-!*M10+9*!:01H*!1-K!:)=!
G*:H,)!)<!:997=)21)*!),*!^<-D=<72;*!=[?!=78)21;):<-_/!!&189*!P!9:=)=!!
=<0*!=+*;:@:;!*M10+9*!:01H*!:==7*=!@2<0!%'IL!1-K!),*!:0+1;)!<-!),*:2!=;:*-;*!7=*/!

MAG= −2.5log COUNTSADU( )+PHOTZP
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Fig 4 : the typical SOFI dither pattern for “on-source sky subtraction”. The left panel shows a typical image, with the 
sky noise levels varying due to the dither pattern illustrated. The right panel is the weight image.  
!
!
&189*!P!g!%+*;:@:;!*M10+9*=!<@!%'IL!:01H:-H!:==7*=/!!!
!
Images	 Description	of	issues	
 
SN2009ip_20131014_Ks_merge_57050_1.fits 
SN2013dn_20130816_H_merge_57049_1.fits 
SN2013ek_20130816_H_merge_57049_1.fits 
SN2013fs_20131014_Ks_merge_57050_1.fits 

&,*=*!*M*0+9:@?!;1=*=!
G,*2*!),*2*!12*!>*2):;19!
-<:=*!+1))*2-=!:-!),*!
81;[H2<7-KV!9:[*9?!*9*;D
)2<-:;!:-!<2:H:-/!T<GD
*>*2!),*!0:KK9*!2*H:<-!
12<7-K!),*!)21-=:*-)!:=!
)?+:;199?!9*==!1@@*;)*K/!
&,*=*!@<72!12*!*M10+9*=V!
),*2*!12*!<),*2=!G:),!
=:0:912!81;[H2<7-K!+1)D
)*2-=/!

 
OGLE-2013-SN-079_20131025_J_merge_57050_1.fits 
SN2013ek_20130828_J_merge_57049_1.fits 
SN2013fc_20131013_H_merge_57050_1.fits 
SN2013fc_20131209_Ks_merge_57050_1.fits 

&,*=*!*M*0+9:@?!;1=*=!
G,*2*!),*2*!12*!2*=:K7D
19=!@2<0!),*!82:H,)!,<=)!
H191M?V!G,*-!),*!<@@=*)=!
G*2*!7=*K/!&,:=!2*@9*;)=!
),*!,:H,*2!-<:=*!9*>*9=!
G,*2*!),*!H191M?!G1=!
=,:@)*K!:-!),*!K:),*2!+1)D
)*2-/!T<G*>*2!),*!2*D
H:<-!12<7-K!),*!)21-=:D
*-)!=,<79K!8*!7-1@D
@*;)*K/!&,*=*!@<72!12*!
*M10+9*=V!),*2*!12*!<),D
*2=!G:),!=:0:912!81;[D
H2<7-K!+1))*2-=/!

 
SN2012ca_20131102_H_merge_57050_1.fits 
SN2012ca_20131102_J_merge_57050_1.fits 
SN2013fc_20131003_H_merge_57050_2.fits 
SN2013fc_20131209_H_merge_57050_1.fits 

=33/&+>"?%-&/%",31&135&
013@1(&A,%&@+5B&2":5+31&
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SN2013ek_20130816_Ks_merge_57049_1.fits 
LSQ13ddu_20131209_H_merge_57050_1.fits 
 

C3/%&3D&"&#/+?B5&?"$"<9E,5"/&
,"5:/"5%.(&&FB%1&5B%&.+5B4
%/%.&3DD,%5,&@%/%&:,%.&D3/&
,09&,:#5/"25+31-&5B+,&;/+15,&
5B/3:?B(&G3@%H%/-&5B%&8I&
;3,+5+31&,B3:$.&#%&:1"D4
D%25%.(&&,*=*!)G<!12*!*MD
10+9*=V!),*2*!12*!<),*2=!
G:),!=:0:912!81;[H2<7-K!
+1))*2-=/&
&

!
!

&

!3.:46?-&(.1.,-.-&
!
X*9*1=*!WX"!;<-)1:-*K!@97MD;19:821)*K!"K!$I'%J!=+*;)21!<@!199!)12H*)=!)1[*-!K72D
:-H!),*!@:2=)!?*12!68*)G**-!C+2:9!35"3!1-K!C+2:9!35"QBV!+97=!%'IL!"K!=+*;)21!1-K!
:01H:-H!+2<K7;)=!@<2!),*!82:H,)*=)!)12H*)=/!
!
X*9*1=*!WX3!;<-)1:-*K!199!),*!+2<K7;)=!<@!2*9*1=*!-708*2V!3!+97=!),*!"K!=+*;)21!
1-K!:01H*=!<@!),*!)12H*)=!)1[*-!K72:-H!),*!=*;<-K!?*12!68*)G**-!C7H7=)!35"Q!
1-K!C+2:9!35"4BV!),*!@:2=)!>*2=:<-!<@!),*!#$%%&'!&XCF%L$F&!;1)19<H7*V!1-K!),*!
@:2=)!>*2=:<-!<@!),*!#$%%&'!\#T'&!9:H,);72>*!;1)19<H7*/!
!
T*-#$&K$7F()#2"'$%;"+M(-$*+$!,J$
!

"/% %+*;)270!@<2!<8A*;)!SN2103ek!G1=!2*D7+9<1K*K!)<!;<22*;)!:)=!<8A*;)!-10*!
)<!'SN2013ek'6!

3/% %+*;)270!@<2!<8A*;)!MASTER134201m023856!G1=!2*D7+9<1K*K!)<!;<22*;)!:)=!
<8A*;)!-10*!)<!'MASTERJ134201.21-023856.2'!

3. %+*;)270!@<2!<8A*;)!MASTEROTJ093953.18+165516.4 G1=!2*D7+9<1K*K!)<!;<2D
2*;)!:)=!<8A*;)!-10*!)<!'MASTERJ093953.18+165516.4' 

4/% %+*;)270!@<2!<8A*;)!OGLE-2012_SN-027 G1=!2*D7+9<1K*K!)<!;<22*;)!:)=!<8D
A*;)!-10*!)<!'OGLE-2012-SN-027'!

P/% %+*;)270!@<2!<8A*;)!OGLE2013-SN-017 G1=!2*D7+9<1K*K!)<!;<22*;)!:)=!<8A*;)!
-10*!)<!'OGLE-2013-SN-017'!

(/% %+*;)270!@<2!<8A*;)!PSNJ125333062742517!G1=!2*D7+9<1K*K!)<!;<22*;)!:)=!
<8A*;)!-10*!)<!'PSNJ12533306+2742517'!

E/% %+*;)270!@<2!<8A*;)!PSNJ02554120-2725276!G1=!2*D7+9<1K*K!)<!7+K1)*!:)=!
<8A*;)!-10*!)<!'SN2012fx'!

S/% %+*;)270!@<2!<8A*;)!PSNJ04371913-6908254!G1=!2*D7+9<1K*K!)<!7+K1)*!:)=!
<8A*;)!-10*!)<!'SN2012fu'!

N/% %+*;)270!@<2!<8A*;)!PSNJ081753462328105!G1=!2*D7+9<1K*K!)<!7+K1)*!:)=!
<8A*;)!-10*!)<!'SN2013gq'!

"5/%%+*;)270!@<2!<8A*;)!PSNJ09040080-7203248!G1=!2*D7+9<1K*K!)<!7+K1)*!:)=!
<8A*;)!-10*!)<!'SN2013B'!
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""/%%+*;)270!@<2!<8A*;)!PSNJ19065165-6142163!G1=!2*D7+9<1K*K!)<!7+K1)*!:)=!
<8A*;)!-10*!)<!'SN2012fv'!

"3/%%+*;)270!@<2!<8A*;)!PSNJ20032484-5557192!G1=!2*D7+9<1K*K!)<!7+K1)*!:)=!
<8A*;)!-10*!)<!'SN2012fz'!

"Q/%%+*;)270!@<2!<8A*;)!PSNJ21015899-4816259!G1=!2*D7+9<1K*K!)<!7+K1)*!:)=!
<8A*;)!-10*!)<!'SN2012fw'!

"4/%%+*;)270!@<2!<8A*;)!PSNJ23054871r1419564!G1=!2*D7+9<1K*K!)<!7+K1)*!:)=!
<8A*;)!-10*!)<!'SN2012ff'!

"P/%%+*;)270!@<2!<8A*;)!sn2012fs!G1=!2*D7+9<1K*K!)<!;<22*;)!:)=!<8A*;)!-10*!
)<!'SN2012fs'!

"(/%%+*;)270!@<2!<8A*;)!SSS121120-023241-391756!G1=!2*D7+9<1K*K!)<!7+K1)*!
:)=!<8A*;)!-10*!)<!'SN2012hc'!

 

X*9*1=*!WXQ!;<-)1:-*K!199!),*!+2<K7;)=!<@!WX3!+97=!),*!"K!=+*;)21!1-K!:01H*=!<@!
),*!)12H*)=!)1[*-!K72:-H!),*!),:2K!1-K!@<2),!?*12=!68*)G**-!.79?!35"4!1-K!C+2:9!
35"(B/!
!
T*-#$&K$7F()#2"'$%;"+M(-$*+$!,@$
!

"/% %+*;)270!@<2!<8A*;)!SN2013gr!)1[*-!<-!3"5Q"33"!G1=!2*D7+9<1K*K!1=!),*!
*M)21;)*K!=<72;*!G1=!),1)!<@!),*!,<=)!H191M?!1-K!-<)!),*!=7+*2-<>1/!

!
X*9*1=*!WXQ/"!;<-)1:-=!199!),*!+2<K7;)=!<@!WXQV!+97=!),*!-*G!>*2=:<-!<@!),*!
#$%%&'!;1)19<H7*=/!
!
T*-#$&K$7F()#2"'$%;"+M(-$*+$!,@X9$
!

"/% &,*!$I'%J!=+*;)270!@<2!<8A*;)!PS15cyz G1=!:-;<22*;)9?!1==<;:1)*K!G:),!
PS1-14og/!&,*!1==<;:1):<-!,1=!8**-!;<22*;)*K!G:),:-!),*!'b.$J&![*?G<2K!
1-K!=+*;)219!@:9*-10*/!

3/% &,*!$I'%J!=+*;)270!@<2!<8A*;)!MASTERJ165420.77-615258 G1=!:-;<22*;)9?!
1==<;:1)*K!G:),!PSNJ16541584-6153309/!&,*!1==<;:1):<-!,1=!8**-!;<22*;)*K!
G:),:-!),*!'b.$J&![*?G<2K!1-K!=+*;)219!@:9*-10*/!

Q/% &,*!3!%'IL!=+*;)21!@<2!<8A*;)!ASASSN-14ha G*2*!:-;<22*;)9?!1==<;:1)*K!
G:),!SN2010el/!i+<-!:-=+*;):<-V!),*=*!=+*;)21!,1K!>*2?!9:))9*!=:H-19!@2<0!
),*!)21-=:*-)!<8A*;)!1-K!,1>*!),*2*@<2*!8**-!2*0<>*K!@2<0!),*!2*9*1=*/!

4/% &,*!$I'%J!=+*;)270!@<2!<8A*;)!SN2015R G1=!:-;<22*;)9?!1==<;:1)*K!G:),!
SN2005G/!&,*!1==<;:1):<-!,1=!8**-!;<22*;)*K!G:),:-!),*!'b.$J&![*?G<2K!
1-K!=+*;)219!@:9*-10*/!

P/% &,*!$I'%J!=+*;)270!@<2!<8A*;)!PS15afa G1=!:-;<22*;)9?!1==<;:1)*K!G:),!
SN2008bt/!&,*!1==<;:1):<-!,1=!8**-!;<22*;)*K!G:),:-!),*!'b.$J&![*?G<2K!
1-K!=+*;)219!@:9*-10*/!

(/% &,*!$I'%J!=+*;)21!@<2!<8A*;)!PS15dqx G1=!:-;<22*;)9?!1==<;:1)*K!G:),!
SN2005cd/!&,*!1==<;:1):<-!,1=!8**-!;<22*;)*K!G:),:-!),*!'b.$J&![*?G<2K!
1-K!=+*;)219!@:9*-10*/!

E/% &,*!$I'%J!=+*;)21!@<2!<8A*;)!SN2016P G*2*!:-;<22*;)9?!1==<;:1)*K!G:),!
SN2003bl/!&,*!1==<;:1):<-!,1=!8**-!;<22*;)*K!G:),:-!),*!'b.$J&![*?G<2K!
1-K!=+*;)219!@:9*-10*/!



!
!

! Q5!

S/% &,*!$I'%J!=+*;)270!@<2!<8A*;)!ASASSN-15aj G1=!:-;<22*;)9?!1==<;:1)*K!
G:),!SN2012bu/!&,*!1==<;:1):<-!,1=!8**-!;<22*;)*K!G:),:-!),*!'b.$J&![*?D
G<2K!1-K!=+*;)219!@:9*-10*/!

!
T*-#$&K$%;"+M(-$*+$!,:$
$

"/% W*)1:9=!<@!Z2`"S!1-K!Z2`35!1KK*K!)<!&189*!"!<@!),*!2*9*1=*!K*=;2:+):<-/!
3/% C%C%%FD"P@:V!C%C%%FD"P+aV!C%C%%FD"P2+V!C&35"(1d=V!W$%"P%3-2V!

j%s"Q;;GV!j%s"4K<aV!#%"P;*9V!#%"P;*0V!#%"P;[<V!%F35"QI!1-K!
%F35"4K1!G*2*!2*0<>*K!@2<0!&189*!4!<@!),*!2*9*1=*!K*=;2:+):<-!1=!-<)!
*-<7H,!K1)1!G1=!)1[*-!<@!),*=*!<8A*;)=!)<!G1221-)!@<99<GD7+!=)1)7=/!

Q/% T<=)!H191M?!Y!)21-=:*-)!1==<;:1):<-=!12*!-<G!+2*@<20*K!G:),!),*!%,*29<;[!
;2<==01);,!19H<2:),0/!

4/% X*0<>*K!),*!TRANSIENT_DISCOVERY_ID 1-K!HOST_SEARCH_STAGE 
@2<0!),* #$%%&'!&21-=:*-)!J1)19<H7*/!&,*!)21-=:*-)!K:=;<>*2?!LW!:=!-<G!
18=<28*K!:-)<!),*!TRANSIENT_ALTERNATIVE_IDS ;<970-/!

P/% C!&XCF%L$F&lJjC%%LILJC&L'Fl%#$J&Xi\!;<970-!,1=!8**-!1KK*K!)<!
),*!#$%%&'!&21-=:*-)!J1)19<H7*/!&,*!;<970-!2*;<2K=!),*!'XLZILj$!@:9*D
-10*!<@!),*!#$%%&'!=+*;)270!7=*K!)<!K*)*20:-*!1!)21-=:*-)!;91==:@:;1D
):<-/!

!
!
!"#"$\&20"#$
$
$9X$P\`7%J$5"#"$K*'($#NF(-$"+5$+"0*+M$$

'-*!K:0*-=:<-19!-97M!;19:821)*K!=+*;)21!12*!:-!8:-12?!)189*!@<201)!1-K!;<-@<20!)<!
),*!$%'!%;:*-;*!W1)1!#2<K7;)=!%)1-K12K!6X*)a91ff *)!19/!35"QB/!&,*!8:-12?!)189*!IL&%!
-*9*!;<-=:=)=!<@!<-*!+2:012?!,*1K*2!6),*2*!:=!-<!K1)1!:-!),*!+2:012?!HDU =<!NAXIS=0BV!
1-K!1!=:-H9*!*M)*-=:<-!;<-)1:-:-H!1!,*1K*2!7-:)!1-K!1!BINTABLE G:),!NAXIS=2/!C!
7-:d7*!IL&%!-*9*!:=!+2<>:K*K!@<2!*1;,!:-K:>:K719!=;:*-;*!=+*;)270/!&,*!1;)719!=+*;D
)219!K1)1!:=!=)<2*K!G:),:-!),*!)189*!1=!>*;)<2!1221?=!:-!=:-H9*!;*99=/!C=!1!;<-=*d7*-;*V!
),*2*!:=!<-9?!<-*!2<G!:-!),*!BINTABLEV!),1)!:=!NAXIS2=1/!
L-@<201):<-!1==<;:1)*K!G:),! ),*! =;:*-;*! =+*;)270! :=! 19=<!+2<>:K*K!G:),:-! ),*!
=10*!8:-12?!)189*!IL&%!-*9*!2*=79):-H!:-!1!)189*!;<-)1:-:-H!<-*!2<G!G:),!@<72!K1)1!
;*99=/!&,*!-*2=)!;*99!;<-)1:-=!),*!G1>*9*-H),!1221?!:-!1-H=)2<0=/!&,*!<),*2!),2**!
;*99=!;<-)1:-!),*!=;:*-;*!=+*;)270!-97M!1221?!6*M)21;)*K!G:),!>12:1-;*!G*:H,):-HBV!
:)=!*22<2!1221?! 6),*!=)1-K12K!K*>:1):<-!+2<K7;*K!K72:-H! ),*!*M)21;):<-!+2<;*D
K72*B!1-K!-*-199?!),*!=[?!81;[H2<7-K!-97M!1221?/!$1;,!-97M!1221?!:=!:-!7-:)=!<@!*2H!
;0/%!=/$"R/$/!
!
&,*!=;:*-;*!=+*;)270!,1=!1!-*9*-10*!<@!),*!@<99<G:-H!@<20V!<8A*;)!-10*V!K1)*!<@!
<8=*2>1):<-V!H2:=0V!-*9)*2V!=9:)!G:K),V!\.W!<@!K1)1!2*K7;):<-!K1)*V!1!-70*2:;!;<7-D
)*2!68*H:--:-H!1)!"B!)<!K:=):-H7:=,!079):+9*!*M+<=72*=!)1[*-!<-!),*!=10*!-:H,)V!
1-K!1!=7ffiM!sb )<!K*-<)*!1!=+*;)270!:-!8:-12?!)189*!@<201)/!
SN2013ak_20130412_Gr11_Free_slit1.0_56448_1_sb.fits 



!
!

! Q"!

L-!),*!@*G!;1=*=!G,*2*!),*!<8A*;)!-10*!:=!9<-H*2!),1-!35!;,121;)*2=V!:)!:=!)27-;1)*K!
G:),:-!),*!@:9*-10*!)<!*-=72*!),*!@:9*-10*!K<*=!-<)!*M;**K!),*!(S!;,121;)*2!9:0:)!
*-@<2;*K!8?!$%'/!&,*!@799!<8A*;)!-10*!:=!19G1?=!2*;<2K*K!:-!),*!'b.$J&![*?G<2K/!

&,*?!;1-!8*!:K*-):-**K!1=!,1>:-H!),*!K1)1!+2<K7;)!;1)*H<2?![*?G<2K!=*)!1=!
PRODCATG = SCIENCE.SPECTRUM /Data product category 

&,*!3W!=+*;)270!:01H*=!G,:;,!;1-!8*!7=*K!)<!2*D*M)21;)!),*!<8A*;)!1=!K:=;7==*K!
18<>*!12*!2*9*1=*K!1=!1==<;:1)*K!1-;:9912?!K1)1/!&,*?!12*!1==<;:1)*K!G:),!),*!=;:D
*-;*!=+*;)21!),2<7H,!),*!@<99<G:-H!,*1K*2![*?G<2K=!:-!),*!=;:*-;*!=+*;)21!-*9*=/!
&,*!-*9*!-10*!:=!),*!=10*!1=!@<2!),*!"W!=+*;)270V!87)!),*!=7ffiM!7=*K!:=!i )<!K*-<)*!
1-!:01H*/!
ASSOC1 = ANCILLARY.2DSPECTRUM /Category of associated file 
ASSON1 = SN2013ak_20130412_Gr11_Free_slit1.0_56448_1_si.fits /Name of associated file 

&,*=*!3W! -*9*=!12*!G1>*9*-H),!1-K! -97M!;19:821)*K!,*-;*!1!7=*2!;1-!2*D*M)21;)!1!
2*H:<-!<@!),*!K1)1!1-K!,1>*!1!;19:821)*K!=+*;)270!:00*K:1)*9?/!i=*2=!=,<79K!-<)*!
),*!>197*!@<2!BUNIT :-!),*=*!@210*=!0*1-=!),1)!),*!-97M!=,<79K!8*!K:>:K*K!8?!"5!%0"

)<!+2<>:K*!),*!2*=79)!:-!*2H!;0/%!=/$"R/$/!

!
JX$7`\<$5"#"$K*'($#NF(-$"+5$+"0*+M$$

&,*!K1)1!+2<K7;)=!@<2!%'IL!12*!=:0:912!)<!),<=*!K*=;2:8*K!18<>*!@<2!$I'%J3/!&,*!
=+*;)21!12*!:-!8:-12?!)189*!IL&%!@<201)V!G:),!),*!=10*!@<72!K1)1!;*99=!;<22*=+<-KD
:-H!)<!),*!G1>*9*-H),!:-!1-H=)2<0=V!),*!G*:H,)*K!=;:*-;*!=+*;)270!1-K!:)=!*22<2!
1-K!),*!=[?!81;[H2<7-K!-97M!1221?/!CH1:-V!*1;,!-97M!1221?!:=!:-!7-:)=!<@!*2H!;0/%!=/$"

R/$/!&,*!%%WX"!IL&%![*?G<2K=!K*=;2:8*K!%012))!*)!19/!635"PB!12*!1H1:-!1++9:;189*!
,*2*/!C!)?+:;19!-*9*!-10*!:=!

SN2009ip_20130417_GB_merge_56478_1_sb.fits 

O,*2*!),*!<8A*;)!-10*!:=!@<99<G*K!8?!),*!K1)*!<8=*2>*KV!),*!H2:=0!6Zb!@<2!),*!
897*!H2:=0V!<2!ZX!@<2!),*!2*K!H2:=0BV!),*!G<2K!^0*2H*_!)<!-<)*!),1)!),1)!),*!:-K:D
>:K719!*M+<=72*=!:-!),*!CbbC!K:),*2!+1))*2-!,1>*!8**-!;<D1KK*KV!),*!K1)*!),*!-*9*!
G1=!;2*1)*KV!1!-70*2:;!>197*!)<!K:=):-H7:=,!079):+9*!*M+<=72*=!<-!),*!=10*!-:H,)!
1-K!1!=7ffiM!sb )<!K*-<)*!1!=+*;)270!:-!8:-12?!)189*!@<201)/!C=!G:),!$I'%J3V!),:=!
=;:*-;*!=+*;)270!;1-!8*!:K*-):-**K!G:),!),*!918*9g!

PRODCATG = SCIENCE.SPECTRUM /Data product category 

O*!19=<!+2<>:K*!),*!3W!-97M!;19:821)*K!1-K!G1>*9*-H),!;19:821)*K!-*9*!=<!),1)!7=*2=!
;1-!2*D*M)21;)!),*:2!<8A*;)!K:2*;)9?V!1=!K*=;2:8*K!G:),!$I'%J3/!&,*!:K*-):-*;1):<-!
<@!),*!3W!:01H*=!@<99<G!),*!=10*!;<->*-):<-!1=!@<2!$I'%J3V!G:),!),*!=7ffiM!si )<!
K*-<)*!1!=+*;)219!:01H*/!

ASSOC1 = ANCILLARY.2DSPECTRUM /Category of associated file 
ASSON1 = SN2009ip_20130417_GB_merge_56478_1_si.fits /Name of associated file 

L-!-*129?!199!;1=*=!G,*2*!#$%%&'!)1[*=!1!%'IL!=+*;)270V!:01H:-H!:-!JHK'!:=!19=<!
)1[*-/!&,*=*!:01H*=!12*!-97M!1-K!1=)2<0*)2:;199?!;19:821)*K!1-K!2*9*1=*K!1=!=;:D
*-;*!@210*=/!&,*?!12*!918*9*K!1=!@<99<G=!G,*2*!U1!918*9=!),*!-*9)*2!1-K!),*!merge 
K*-<)*=!),1)!),*!K:),*2=!,1>*!8**-!0*K:1-!;<08:-*K/!



!
!

! Q3!

SN2013am_20130417_Ks_merge_56475_1.fits 

O*!19=<!2*9*1=*!),*!:01H*!G*:H,)!01+!1=!K*=;2:8*K!:-!6X*)a91ff *)!19/!35"QB/!&,*!
K*-*-:):<-!:-!),:=!K<;70*-)!:=!),*!+:M*9D)<D+:M*9!>12:1):<-!<@!),*!=)1):=):;19!=:H-:-*R
;1-;*!<@!),*!:01H*!1221?!:-!)*20=!<@!1!-708*2!),1)!:=!+2<+<2):<-19!)<!),*!:->*2=*!
>12:1-;*!<@!),*!81;[H2<7-KV!:/*/!-<)!:-;97K:-H!),*!#<:==<-!-<:=*!<@!=<72;*=/!&,:=!
:=!918*99*K!1=!

ASSOC1 = ANCILLARY.WEIGHTMAP /Category of associated file 
ASSON1 = SN2013am_20130417_Ks_merge_56475_1.weight.fits /Name of associated file 

 

=,0,16@?.&=61?A7-&
&,:=!2*9*1=*!;<-)1:-=!),*!#$%%&'!&21-=:*-)!J1)19<H7*!G,:;,!:=!1!;1)19<H7*!<@!199!
=<72;*=!@<2!G,:;,!1!0*1-:-H@79!=+*;)219!;91==:@:;1):<-!,1=!8**-!<8)1:-*K!7+!)<!
C+2:9!35"N/!&,*!;<970-=!12*!K*=;2:8*K!:-!&189*!E!8*9<G!1-K!G*!+2<>:K*!@72),*2!
*M+91-1)<2?!:-@<201):<-!:-!),:=!=*;):<-/!
!
9X$7F()#2"'$)'"--*K*)"#*&+$$$
!
I<2!=+*;)219!;91==:@:;1):<-!G*!;,<=*!),*!@<99<G:-H!=)1-K12K!;91==*=!6@<2!TRANSI-
ENT_CLASSIFICATION). C9),<7H,!<),*2!;91==:@:;1):<-!)*20=!,1>*!8**-!+2<+<=*K!
6*/H/!L1MV!L;DbjV!%j%FDXV!L1rJ%\V!^J1D2:;,_V!/L1!*);B!G*!,1>*![*+)!G:),!),*!=)1-K12K!
;91==:@:;1):<-!=;,*0*!G:),!1!b<<9*1-!@91H!)<!-<)*!:@!1!)21-=:*-)!1++*12=!+*;79:12!
<2!7-7=719!@<2!:)=!=)1-K12K!;91==!TRANSIENT_CLASSIFICATION_PECU-
LIAR_FLAG).  &,*!C&*9!1--<7-;*0*-)=!;122?!)*M)719!:-@<201):<-!<-!<8A*;)=/!&,*!
;91==:@:;1):<-=!G*!1++9?!12*! 
!
SN Ia :!)?+*!L1!=7+*2-<>1!!
SN Ib :!)?+*!L8!=7+*2-<>1!
SN Ic :!)?+*!L;!=7+*2-<>1!!
SN Ibc :!*:),*2!)?+*!L8!<2!L;V!108:H7<7=!G,:;,!
SN Ibn :!)?+*!L8!G:),!-122<G!T*!9:-*=!!
SN I  :!)?+*!LV!87)!108:H7<7=!G,*),*2!:)!=,<79K!8*!L1V!L8!<2!L;!
SN II :!)?+*!LLV!1=!*>:K*-;*!8?!821<K!TD9:-*=!
SN IIP :!)?+*!LL#!1=!H<<K!01);,!)<!G*99!=)7K:*K!LLD#!%F*!
SN IIb :!)?+*!LL8!=7+*2-<>1!
SN IIn!g!)?+*!LL!=7+*2-<>1V!G:),!-122<G!TD9:-*=!!
SLSN II!g!=7+*2970:-<7=!=7+*2-<>1V!G:),!,?K2<H*-!9:-*=!>:=:89*!!
SLSN Ic :!=7+*2970:-<7=!=7+*2-<>1V!G:),!-<!,?K2<H*-!<2!,*9:70!<8>:<7=!>:=:D
89*!:-!),*!<+):;19!
FRB: @1=)!21K:<!872=)!;<7-)*2+12)!;1-K:K1)*!
Galactic Nova: -<>1!,<=)*K!G:),:-!),*!\:9[?!O1? 
Impostor :!9:[*9?!H:1-)!*27+):<-!<2!-<-!)*20:-19!*M+9<=:<-!<@!01==:>*!=)12!
AGN :!1;):>*!H191;):;!-7;9*7=!>12:18:9:)?!!
CV  :!;1)1;9?=0:;!>12:189*!;1-K:K1)*!!
Variable star!g!1!;1);,!199!@<2!1-?!)?+*!<@!>12:189*!<2!)21-=:*-)!G:),!a*2<!2*KD
=,:@)!<2!-*H9:H:89*!21K:19!>*9<;:)?!!
Galaxy!g!=+*;)270!K<0:-1)*K!8?!H191M?!9:H,)!!
TDE!g!):K19!K:=27+):<-!*>*-)!



!
!

! QQ!

Unknown!g!7-189*!)<!;91==:@?!6*/H/!),*!0<=)!;<00<-!*M10+9*=!12*!897*!@*1)72*D
9*==!;<-):-770!<8A*;)=B!
!
!
JX$3;"-($)'"--*K*)"#*&+$$$
!
O*!+2<>:K*!1!H*-*219!+,1=*!<@!;91==:@:;1):<-!<@!),*!)21-=:*-)!=+*;)270V!G:),!2*D
=+*;)!)<!01M:070!9:H,)!<@!),*!9:H,);72>*!@<2!),*!)?+*!<@!<8A*;)!:)!:=!;91==:@:*K!1=/!
C=!),*2*!:=!=<0*!7-;*2)1:-)?!:-!),:=!+2<;*K72*!G*!1K<+)!1!)G<!):*2*K!1++2<1;,!)<!
+2<>:K*!),:=!:-@<201):<-!:-!1!2*9:189*!@<20!),1)!2*=+*;)=!),*!:-,*2*-)!7-;*2)1:-)?!
:-!+,1=*!;91==:@:;1):<-/!!C99!)21-=:*-)=!12*!H:>*-!<-*!<@!),*!@<99<G:-H!>197*=!@<2!
TRANSIENT_CLASSIFICATION_PHASE: 
 
Pre-max : transient is very likely caught before maximum light 
Max : transient is likely around maximum light 
Post-max  : transient is very likely after maximum light 
Unknown : phase can not be discerned from the information in 
hand 
NULL : if the transient is not a supernova  
 
L@!),*!)21-=:*-)!+,1=*!;1-!8*!@72),*2!2*@:-*K!G*!+2<>:K*!),*!@<99<G:-H!21-H*=!!
!
&189*!(/!X1-H*=!<@!+,1=*!;91==:@:;1):<-!+2<>:K*K!!
TRANSIENT_CLASSIFICATION_PHASE_DAYS_LOWER_LIMIT 
	

TRANSIENT_CLASSIFICATION_PHASE_DAYS_UPPER_LIMIT 
	

Fijj! D"5!
D"5! DS!
DE! D4!
DQ! Q!
4! E!
S! "5!
""! 35!
35! Fijj!

!
@X$[&-#$M"'"=N$*5(+#*K*)"#*&+$$
 
C!8<<=)*K!K*;:=:<-!)2**!19H<2:),0!6%&'()*+,B!:=!7=*K!)<!H*-*21)*!),*!;2<==D
01);,*=!8*)G**-!),*!)21-=:*-)=!1-K!1==<;:1)*K!1=)2<+,?=:;19!=<72;*=/!%,*29<;[!
0:-*=!1!9:8212?!<@!,:=)<2:;19!1-K!<-DH<:-H!1=)2<-<0:;19!=72>*?!K1)1!6#%"!WX"V!
Z1:1!WX3V!%W%%!WX"3V!F$W!1-K!0<2*B!1-K!1))*0+)=!)<!+2*K:;)!),*!-1)72*!<@!),*!
<8A*;)!81=*K!<-!),*!2*=79):-H!;2<==01);,*K!1==<;:1):<-=!@<7-K/!
!
&,*!879[!<@!)21-=:*-)=!12*!-<)!:-!H191M:*=!),1)!,1>*!,1K!+2*>:<7=!=+*;)2<=;<+:;!
2*K=,:@)=!0*1=72*K/!T*-;*!G*!,1>*!19=<!+2<>:K*KV!G,*2*!+<==:89*V!1!0*1=72*D
0*-)!<@!),*!+,<)<0*)2:;!2*K=,:@)!67=7199?!@2<0!%W%%!WX"3B/!&,:=!G:99!8*!7=*@79!
@<2!@7)72*!1-19?=:=!)<!K*)*20:-*!:@!+,<)<0*)2:;!2*K=,:@)=!;1-!8*!7=*K!:-!1-?!G1?!
)<!K*)*20:-*!),*!18=<97)*!01H-:)7K*=!1-K!970:-<=:):*=!<@!),*!)21-=:*-)=/!!
!
!



!
!

! Q4!

:X$T*-#$&K$)&'/0+$+"0(-$"+5$5(-)2*F#*&+$$
!
&189*!E/!!J<970-!K*=;2:+):<-!@<2!),*!#$%%&'!)21-=:*-)!<8A*;)!;1)19<H7*/!!
!
Field Name W*=;2:+):<-!
TRANSIENT_ID &,*!01=)*2!)21-=:*-)!LW!1=!@<7-K!:-!

),*!=+*;)219!1-K!:01H:-H!K1)1!1-K!
),*!079):D*+<;,!+,<)<0*)2?!;1)1D
9<H7*!6#$%%&'l\#T'&B!

TRANSIENT_IAU_ID 
&,*!<@@:;:19!LCi!K*=:H-1):<-!H:>*-!)<!
),*!)21-=:*-)!:@!:)!*M:=)=/!

TRANSIENT_ALTERNATIVE_IDS 
C99!K*=:H-1):<-=!1==:H-*K!)<!),*!
)21-=:*-)!8?!=72>*?=!<),*2!),1-!),*!
K:=;<>*2?!=72>*?/!

TRANSIENT_RAJ2000 
!

XC!<@!),*!)21-=:*-)!:-!K*;:019!K*D
H2**=/!&,:=!H*-*2199?!;<0*=!@2<0!
),*!<2:H:-19!=72>*?!K:=;<>*2?!
!

TRANSIENT_DECJ2000 
!

W$J!<@!),*!)21-=:*-)!:-!K*;:019!K*D
H2**=/!&,:=!H*-*2199?!;<0*=!@2<0!
),*!<2:H:-19!=72>*?!K:=;<>*2?!
!

TRANSIENT_CLASSIFICATION 
!

&,*!;91==:@:;1):<-!<@!),*!)21-=:*-)/!
&,*=*!12*!H*-*2199?!@2<0!),*!
#$%%&'!C&*9!1--<7-;*0*-)=V!G:),!
=<0*!7+K1)*=!81=*K!<-!#$%%&'!
K1)1!;<>*21H*/!I<2!),:=!;1)19<H7*!
#$%%&'!,1=!1K<+)*K!=)1-K12K!;91=D
=:@:;1):<-!918*9=V!K:=;7==*K!91)*2!:-!
),:=!=*;):<-!<@!),*!2*9*1=*!K*=;2:+D
):<-/!!
!

TRANSIENT_CLASSIFICATION_PECU-
LIAR_FLAG 
!

b<<9*1-!@91HV!=*)!)<!c"c!:@!)21-=:*-)!
;91==:@:*K!1=!+*;79:12!6@<2!:)=!+12):;7D
912!=+*;)219!;91==:@:;1):<-B!!
!

TRANSIENT_CLASSIFICATION_SOURCE 
!

&,*!=<72;*!<@!),*!;91==:@:;1):<-/!
\<=)!=<72;*=!:-!),:=!;1)19<H7*!G*2*!
;91==:@:*K!8?!#$%%&'!87)!=<0*!<8D
A*;)=!G*2*!<8=*2>*K!1@)*2!),:2K!
+12)?!;91==:@:;1):<-=/!L-!),<=*!;1=*=V!
),*!<2:H:-1):-H!C&*9=!<2!Jb$&=!12*!
2*@*2*-;*K/!!
!

TRANSIENT_CLASSIFICATION_ATEL 
 

&,*!C&*9!2*@*2*-;*!2*+<2):-H!),*!
;91==:@:;1):<-!

TRANSIENT_CLASSIFICATION_MJD 
 

\.W!1)!),*!+<:-)!<@!;91==:@:;1):<-!



!
!

! QP!

TRANSIENT_CLASSIFICATION_RED-
SHIFT 
 

&,*!2*K=,:@)!<@!),*!)21-=:*-)!0*1=D
72*K!@2<0!),*!;91==:@:;1):<-!=+*;)21!

TRANSIENT_CLASSIFICATION_PHASE 
 

&,*!+,1=*!<@!),*!)21-=:*-)!1)!;91==:D
@:;1):<-!G:),!2*=+*;)!)<!01M:070!
9:H,)!:-!K1?=!6=**!8*9<G!@<2!1!K:=;7=D
=:<-!<-!),:=B!!

TRANSIENT_CLASSIFICA-
TION_PHASE_DAYS_LOWER_LIMIT 
 

$=):01)*K!j<G*2!9:0:)!<@!),*!+,1=*!
<@!),*!)21-=:*-)!6K1?=B!

TRANSIENT_CLASSIFICA-
TION_PHASE_DAYS_UPPER_LIMIT 
 

$=):01)*K!i++*2!9:0:)!<@!),*!+,1=*!
<@!),*!)21-=:*-)!6K1?=B!

TRANSIENT_CLASSIFICATION_SPEC-
TRUM 

&,*!'XLZILj$!@:9*-10*!<@!),*!
#$%%&'!=+*;)270!7=*K!)<!K*)*2D
0:-*!),*!)21-=:*-)!;91==:@:;1):<-/!

TRANSIENT_DISCOVERY_MJD 
 

\.W!1)!),*!+<:-)!<@!K:=;<>*2?V!2*D
+<2)*K!@2<0!),*!<2:H:-1):-H!K:=;<>D
*2?!=72>*?!

TRANSIENT_DISCOVERY_MAG 
 

\1H-:)7K*!<@!),*!)21-=:*-)!1)!),*!
+<:-)!<@!K:=;<>*2?V!2*+<2)*K!@2<0!
),*!<2:H:-1):-H!K:=;<>*2?!=72>*?!

TRANSIENT_DISCOVERY_MAG_FILTER I:9)*2!),1)!!TRANSIENT_DISCOV-
ERY_MAG  
G1=!2*+<2)*K!:-V!@2<0!),*!<2:H:-1)D
:-H!K:=;<>*2?!=72>*? 

FOLLOWUP_TARGET b<<9*1-!@91HV!=*)!)<!c"c!:@!)21-=:*-)!
8*;10*!1!#$%%&'!)12H*)!@<2!):0*!=*D
2:*=!@<99<GD7+!!

HOST_ID &,*!-10*!<@!1-!1==<;:1)*K!,<=)!H19D
1M?V!:@!:K*-):@:*K!

HOST_RAJ2000 XC!<@!,<=)!H191M?!:-!K*;:019!K*H2**=!
HOST_DECJ2000 W$J!<@!,<=)!H191M?!:-!K*;:019!K*D

H2**=!
HOST_OFFSET_N &,*!FD%!)21-=:*-)D,<=)!=*+121):<-!

6:-!K*;:019!K*H2**=B/!#<=:):>*!
0*1-=!),*!)21-=:*-)!:=!F<2),!<@!),*!
,<=)/!

HOST_OFFSET_E 
 

&,*!$DO!)21-=:*-)D,<=)!=*+121):<-!
6:-!K*;:019!K*H2**=B/!#<=:):>*!
0*1-=!),*!)21-=:*-)!:=!$1=)!<@!),*!
,<=)!

HOST_REDSHIFT_SPEC_SOURCE 
 

J1)19<H7*!=<72;*!<@!),*!,<=)!H19D
1M?p=!=+*;)2<=;<+:;!2*K=,:@)!

HOST_REDSHIFT_SPEC 
 

T<=)!H191M?!=+*;)2<=;<+:;!2*K=,:@)!

HOST_REDSHIFT_PHOT_SOURCE 
 

J1)19<H7*!=<72;*!<@!),*!,<=)!H19D
1M?p=!+,<)<0*)2:;!2*K=,:@) 



!
!

! Q(!

HOST_REDSHIFT_PHOT 
 

T<=)!H191M?!+,<)<0*)2:;!2*K=,:@) 

HOST_REDSHIFT_PHOT_ERR 
 

T<=)!H191M?!+,<)<0*)2:;!2*K=,:@)!*2D
2<2 

!
6)E+&I'(5M(0(+#-$
!
L@!7=:-H!),*=*!K1)1V!+9*1=*!;:)*!),:=!+1+*2!!
!
%-.(//0%1!10'/0.)102345607876059:60;3<0=>%%?@<0$A(B'C0D'$+(EF/E*G0.GD0F(*DA+/$0H(*-0
/&'0HE($/0D./.0(')'.$'0*H0/&'0=AI)E+0>%@0%F'+/(*$+*FE+0%A(B'C0*H0?(.G$E'G/0@IJ'+/$0
!
C-K!+9*1=*!19=<!1KK!),*!@<99<G:-H!1;[-<G9*KH:-H!=)1)*0*-)!:-!?<72!12):;9*=!!
!
b1=*K!<-!K1)1!+2<K7;)=!@2<0!<8=*2>1):<-=!01K*!G:),!$%'!&*9*=;<+*=!1)!),*!j1!
%:991!#121-19!'8=*2>1)<2?!7-K*2!+2<H2100*=!"SS/WDQ55Q!1-K!"N"/WD5NQPg!!
#$%%&'!6),*!#789:;!$%'!%+*;)2<=;<+:;!%72>*?!@<2!&21-=:*-)!'8A*;)=B/!!
,(K(2(+)(-$
b121812:-<!J/!*)!19/V!35"PV!\FXC%V!44SV!3Q"3!!
b*--*)):!%/V!*)!19/V!35"4V!\FXC%V!44"V!3SN!
b*2):-V!$/V!\*99:*2V!m/V!X1K<>:;,V!\/V!*)!19/!3553V!:-!C=)2<-<0:;19!%<;:*)?!<@!),*!#1D
;:@:;!J<-@*2*-;*!%*2:*=V!e<9/!3S"V!C=)2<-<0:;19!W1)1!C-19?=:=!%<@)G12*!1-K!%?=D
)*0=!oLV!*K/!W/!C/!b<,9*-K*2V!W/!W721-KV!t!&/!T/!T1-K9*?V!33S!
J,:9K2*==!\/V!*)!19/!35"QV!C+.V!EE5V!3N!
J,:9K2*==!\/V!*)!19/!35"PV!\FXC%V!4P4V!QS"(!
I21=*2!\/V!*)!19/!35"QV!\FXC%V!!4QQV!"Q"3!
I21=*2!\/V!*)!19/!35"PV!\FXC%V!4PQV!QSS(!
Z199!$/!$/!$/V!*)!19/!35"PV!CtCV!PS3V!CQ!
T<==*:-a1K*,!Z/V!*)!19/!35"(V!C+.V!:-!+2*==V!12o:>g"(5S/5"NNS!
L-=*221V!J/V!*)!19/!35"QV!\FXC%V!!EE5V!"3S!
L-=*221V!J/V!*)!19/!35"QV!\FXC%V!!4PNV!3E3"!
L-=*221!J/V!*)!19/!35"(V!C+.V!=780:))*KV!12o:>g"(54/5"33(!
.*2[=)21-K!C/V!*)!19/V!35"PV!\FXC%V!44SV!34S3!
.*2[=)21-K!C/V!*)!19/V!35"(V!C+.V!12o:>g"(5S/53NN4!
.*=)*2!*)!19/!355PV!C.V!"Q5V!SEQ!
U1-H1=!&/V!*)!19/!35"(V!\FXC%V!4P(V!Q3Q!
\1H**!\/V!*)!19/V!35"(V!CtCV!PSNV!CSN!
\1H7:2*!U/V!*)!19/!35"QV!\FXC%V!4Q(V!333!
\17-K!./X/!*)!19/!35"QV!\FXC%V!!4Q"V!j"53!
F:;,<99!*)!19/!35"4V!\FXC%V!444V!35N(!
F:;,<99!\/V!*)!19/!35"PV!C+.V!S5EV!j"S!
F:;,<99!!\/V!*)!19/!35"(1V!C+.V!S3(V!QN!
F:;,<99!!\/V!*)!19/!35"(8V!C+.V!:-!+2*==V!12o:>g"(5S/53NNP!
#1=)<2*99<!C/V!*)!19/!35"P1V!\FXC%V!44NV!"N4"!
#1=)<2*99<!C/V!*)!19/!35"P8V!\FXC%V!44NV!"NP4!
#<9=,1G!./V!*)!19/!35"(V!CtCV!PSV!C"EE!
X*)a91@@!*)!19/!35"QV!Z$FD%#$D$%'DQQ555DPQQPV!L==7*!P!
%;19a<!X/V!*)!19/!35"4V!\FXC%V!!44PV!Q5!!
%012))!%/./!*)!19/!35"PV!CtCV!PENV!45!



!
!

! QE!

>1-!W<[[70V!#/!Z/!355"V!#C%#V!""QV!"435!
m17-!I/!*)!19/!35"(V!\FXC%V!4("V!355Q!!
O?2a?[<G=[:!j/V!*)!19/V!\FXC%V!=780:))*K!!
!
!


