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A$:4"-00#2$B>-+C"0$9:%)D$E&B&FGBH(@$

IJKI$E41#LM#,$IN$



OC>8P0#$

•  *,4Q#?>$M-?R+,4C0.$-0.$>#-L$
•  *,PL-,S$L431-340T$L#-2C,#L#0>$4U$
P0>#,2>#88-,$L-+0#3?$V#8.2$

•  C*+,-.#$PL*8#L#0>-340$
– 0#7$.#>#?>4,$U,4L$G4..-,.$
– *48-,PL#>#,$9:;<@$
– *#,U4,L-0?#$-0.$2?"#.C8#$

•  -$UC>C,#$C*+,-.#$*->"T$V0#F2>,C?>C,#$8P0#$
PL-+P0+$

IJKI$E41$IN$ %&'($)*+,-.#$=$B(!H$ I$



;,4Q#?>$%P2>4,S$
•  %&'($U-?P8P>S$U-,F/W$?4030CCL$?-L#,-T$$BOH/&$V,2>$+#0#,-340$

P02>,CL#0>$9)5$("P?-+4D$;5/5$&8$%-,*#,@$
–  KIXYI$.#>#?>4,$-,,-S$
–  Z$?4030CCL$9W$[$\@$M-0.2T$$\YD$N]D$K\\D$IK^$µL$
–  ;,#FB"P*$W#1P#7$*-22#.$P0$:C8S$IJKI$

•  !74$BOH/&$B#?40.$G#0#,-340$/02>,CL#0>$P01#23+-3402$*,4*42#.$
C*+,-.#2$>4$%&'(D$2CMLP_#.$O?>5$IJKKT$
–  :;<T$2P0+8#FM#-L$*48-,PL#>#,D$*48-,PL#>,S$2?P#0?#$P01#23+-340$
–  :%)=G4..-,.T$LC?"$MP++#,$.#>#?>4,$-,,-S2D$.C-8FM#-L$*48-,PL#>#,D$W$

[$YJJ$V0#F2>,C?>C,#F8P0#$V8>#,2D$M,4-.$2?P#0?#$P01#23+-340$
•  H48847P0+$2#8#?340D$L#,+P0+D$-0.$0#+43-340$*,4?#22D$UC0.#.$

%&'($C*+,-.#$9`%&'(ab@$?402P2>2$4UT$
–  L-Q4,$.#>#?>4,$C*+,-.#$
–  8P0#-,$*48-,PL#>#,$-0.$*48-,PL#>,S$2?P#0?#$P01#23+-340$
–  *,4Q#?>$L-0-+#L#0>$-0.$P02>,CL#0>$P0>#+,-340$A$>#2>$->$:;<$
–  2>-,>$P0$:-0C-,S$IJKY$
–  -0S$W$[$YJJ$PL-+P0+$*42>*40#.$M#S40.$V,2>F8P+">$

IJKI$E41$IN$ %&'($)*+,-.#$=$B(!H$ Y$



%&'(a$/02>,CL#0>$)*+,-.#$!#-L$

IJKI$E41$IN$ %&'($)*+,-.#$=$B(!H$ Z$
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d,P#iSD$%&'(a$P2T$

•  U-,FP0U,-,#.$?-L#,-T$
– W$[$\$M-0.2T$$!$[$\YD$!"D$N]D$K\\D$IK^$µL$
–  PL-+#,$7P>"$^ZXZJ$.#>#?>4,$*Pj#82$

•  .C-8FM#-L$*48-,PL#>#,T$
– -88$?4030CCL$M-0.2$
–  >74$*48-,Pk-3402$.#>#?>#.$2PLC8>-0#4C28S$-0.$
P0.#*#0.#0>8S$7P>"$>74$^ZXZJ$.#>#?>4,$-,,-S2$

•  IJF"4C,$*48-,PL#>,S$2?P#0?#$P01#23+-340$
•  U-?P8P>S$P02>,CL#0>$9`%&'(b@D$-1-P8-M8#$IJK\$

IJKI$E41$IN$ %&'($)*+,-.#$=$B(!H$ \$



6C2>$*48-,PL#>,S$,#1#-82$>"#$G-8-?3?$
L-+0#3?$V#8.$40$8-,+#$-0.$2L-88$2?-8#2$

•  P0?,#-2P0+$LP2-8P+0L#0>$4U$V#8.$7P>"$,#2*#?>$
>4$G-8-jS$->$"P+"#,$.#02P3#2$9?84C.$U4,L-340D$
4,$U##.M-?R$U,4L$2>-,$U4,L-340l@$

•  B388D$L-+0#3?$V#8.$P2$#0#,+#3?-88S$PL*4,>-0>$
P0$?84C.25$
– (4,,4M4,->#.$MS$m##L-0$L#-2C,#L#0>25$

•  ;48-,PL#>,S$-0-8S2P2$P2$M#?4LP0+$2>-323?-8$
-0.$nC-03>-31#5$

IJKI$E41$IN$ %&'($)*+,-.#$=$B(!H$ ^$



G-8-?3?$HP#8.$P0$&h$o$K$c#.PCL$

IJKI$E41$IN$ %&'($)*+,-.#$=$B(!H$ p$
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G-8-?3?$HP#8.$P0$&h$o$K$c#.PCL$
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G-8-?3?$HP#8.$P0$&h$o$KJ$c#.PCL$

IJKI$E41$IN$ %&'($)*+,-.#$=$B(!H$ ]$
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9dP#,L-0$#>$-85D$IJKK@$

9B##$-824T$$$$$$$$d#04P>$#>$-85$IJJZ$q$&,?"#4*2$
$$$$$$$$$$$$$$$$$$$$$$$$$<P$#>$-85$IJJ^$q$B;&WO$
$$$$$$$$$$$$$$$$$$$$$$$$$'c&;$.C2>$?4L*40#0>$
$$$$$$$$$$$$$$$$$$$$$$$$$(C81#,"4C2#$#>$-85$IJKJ$q$r)-6@$
;8-0?R$.->-$-,#$?4LP0+s$



G-8-?3?$HP#8.$P0$&h$o$KJJ$c#.PCL$

IJKI$E41$IN$ %&'($)*+,-.#$=$B(!H$ KJ$
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FF$<>*+,".*-&'#)/+.0+("&/)?-8*).%/$".)/$%&)*/%@#)!%2&"@#)5"(6*)

#-&/.-()*/%.);-.!%@-&A=$$$$$$$$$$$$s$c-?$<47$A$g8#22#0$IJJZ$
$$$$$$$$$$$$$$$$$92##$-824D$#5+5D$%-,>L-00$#>$-85$wJKu$e8L#+,##0$A$B?-84$wJZ@$
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d$125$?48CL0$.#02P>S$9m##L-0@$

IJKI$E41$IN$ %&'($)*+,-.#$=$B(!H$ KI$



c-+0#3?$V#8.$P2$*,#U#,#03-88S$-840+$2"4,>$
-jP2$4U$.#02#$Gc($?84C.$?4,#25$

IJKI$E41$IN$ %&'($)*+,-.#$=$B(!H$ KY$

!-22P2D$#>$-85$$9IJJ]@$
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IJKI$E41$IN$ %&'($)*+,-.#$=$B(!H$ KZ$O2>,PR#,D$B>40#D$A$G-LLP#$9IJJK@$$

/EHeWWe6$d$



IJKI$E41$IN$ %&'($)*+,-.#$=$B(!H$ K\$O2>,PR#,D$B>40#D$A$G-LLP#$9IJJK@$$

/EHeWWe6$d$



IJKI$E41$IN$ %&'($)*+,-.#$=$B(!H$ K^$O2>,PR#,D$B>40#D$A$G-LLP#$9IJJK@$$

/EHeWWe6$d$

B vec 

"9#@$o$KYxD$

"91@$o$K5Y$RL=2D$

$ o$ZJJ$->4L2=?LY$

$$$$$%$d$o$YJ$µG$

O,P40T$$"P2>4+,-L$4U$*48-,Pk-340$-0+8#2$

B?"8#C0P0+$9K]]N@$



C'(6"0.%&6)"/)%(A)DEFG)C-+6")"/)%(A)DEFH)IJJ$

IJKI$E41$IN$ %&'($)*+,-.#$=$B(!H$ Kp$

+F#/+-G+,-'%&(H%?-8+%8)'/+#$&7D$7&/+G78D?-8#+$-+#$7E0+,-I/&+
#,/D$&7.+-G+.%)8/?H/E+$7&C7'/8D/+
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6C2>$G,-P0$&8P+0L#0>$
•  6C2>$+,-P0$-8P+0L#0>$P2$-0$C02481#.$*,4M8#L$4U$

-2>,4*"S2P?25$
•  &8P+0L#0>$P2$7P>"$,#2*#?>$>4$L-+0#3?$V#8.T$$<-,L4,$

*,#?#22P40$9>$o$KJ^$2@$7-2"#2$4C>$-8P+0L#0>$7P>"$
,#2*#?>$>4$-0S$4>"#,$.P,#?3405$$9c-,30$K]pK@$

•  W-.P-31#$-8P+0L#0>D$,#nCP,P0+$-2SLL#>,P?$+,-P02$-0.$
-0$-2SLL#>,P?$,-.P-340$V#8.D$P2$?C,,#0>8S$>"#$8#-.P0+$
>"#4,S$9&5$<-k-,P-0$-0.$?488-M4,->4,2@5$

–  !#2>$yKT$64#2$>"#$.#+,##$4U$+,-P0$-8P+0L#0>$.#*#0.$40$>"#$
2>,#0+>"$4U$>"#$,-.P-340$V#8.l$

–  !#2>$yIT$/2$>"#,#$2*#?>,-8$#1P.#0?#$U4,$M#_#,$-8P+0L#0>$4U$
8-,+#$+,-P02l$

•  9B##$h-P88-0?4C,>$>-8R$40$B(!HD$O?>5$IJKID$U4,$L4,#$
.#>-P825@$

IJKI$E41$IN$ %&'($)*+,-.#$=$B(!H$ KN$
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%&'(a=BOH/&$B?P#0?#$G4-82$

•  (4L*-,#.$>4$*,#1P4C2$U-?P8P3#2$
9*48-,PL#>,S@T$

–  N$X$L4,#$2#02P31#$>4$#j>#0.#.$#LP22P40$
9?-0$,#-?"$&h$o$K@$

–  \JX$L4,#$2#02P31#$>4$*4P0>$24C,?#2$
–  KJX$M#_#,$-,#-8$,#248C340$
–  IJX$-2$L-0S$PL-+P0+$#8#L#0>2$
–  \$7-1#8#0+>"$M-0.2$P02>#-.$4U$K$

•  >#2>2$4U$94,.#,#.@$L-+0#3?$V#8.$L4.#82$
•  2>-323?-8$#23L-340$4U$V#8.$2>,#0+>"$

9("-.,-2#R"-,FH#,LP@$
•  >#2>2$4U$+,-P0$-8P+0L#0>$>"#4,S$

9W-.P-31#$!4,nC#$-8P+0L#0>@$IJKI$E41$IN$ K]$%&'($)*+,-.#$=$B(!H$



%&'(a$MCP8.2$40$%&'($
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%&'(a$2?"#L-3?$4*3?-8$*->"$

IJKI$E41$IN$ %&'($)*+,-.#$=$B(!H$ IK$

SOFIA telescope HAWC+ detector 
HAWC+ / HAWC 

OMS 

chopping 
secondary 

polarizer 
spinning or stepping 

half-wave plate 

filter wheel(s) 



J0C&(E(H/E<+L('-,(M/'<+1%D9#*-&$B
F8E/&BN&(E+O1FNP+1-'-./$/&+Q&&%0#+
I($*+R7,/&D-8E7D?8)+S*&-7)*+T%G/&+
U(%#+G-&+@%&+28G&%&/E+2.%)(8)+%8E+

5-'%&(./$&0$



%&'($40$BOH/&T$KI YI$

IJKI$E41$IN$ IY$%&'($)*+,-.#$=$B(!H$



%&'(a$40$BOH/&T$^Z ZJ$

IJKI$E41$IN$ IZ$%&'($)*+,-.#$=$B(!H$



IJKI$E41$IN$ I\$

• Array format 2!(32!40), with dark pixels; 
two array mosaics needed for flight 
• Each array must be sensitive over the full  
HAWC+ wavelength range (50-230"m) 
• Detectors saturate at >60 pW 
• Time constant <<17 ms 
• Detector NEP < 8!10-17 W/#Hz @ 1 Hz 

HAWC+ Requirements 

%&'($)*+,-.#$=$B(!H$



g#S$H#->C,#2$
•  BC*#,?40.C?30+$>,-02P340$#.+#$2#024,$40$
8#+FP248->#.$L#LM,-0#$M484L#>#,25$

•  HP88#.$-,,-S$-M24,M#,2$7P>"$>C0#.$,#240-0>$
?-1P3#2$*#,$*Pj#8$q$#0-M8#2$#z#?31#$.#2P+02$

•  %SM,P.Pk#.$>4$Br)/6$!6c$LC83*8#j#,$M#0#->"$
M484L#>#,$q"P+"F*#,U4,L-0?#$

•  &22#LM8#.$P0>4$*-?R-+#$7P>"$P0>#+,-8$WHD$
>"#,L-8D$-0.$M-0.*-22$V8>#,2u$?400#?>4,Pk#.$
U4,$L4.C8-,P>S$

IJKI$E41$IN$ I^$%&'($)*+,-.#$=$B(!H$



NF8#+$9G/BcOF8PR#@$6#2P+0$

IJKI$E41$IN$ Ip$

Designed for 
1.135mm pitch 

Geometric filling 
factor ~95% 

Fabricated on 
1.4µm single 
crystal silicon on 
insulator 

Back fully removed 
by DRIE 

%&'($)*+,-.#$=$B(!H$



!,-02P340$e.+#$B#024,$6#2P+0$

IJKI$E41$IN$ IN$

•  c4=&C$MP8-S#,2$40$BO/$7-U#,2$
•  BL-88$!eB$3#.$>4$7,-*F-,4C0.$1P-2$

•  E4,L-8$L#>-8$M-,2$2C**,#22${F04P2#$

%&'($)*+,-.#$=$B(!H$



!",4C+"F'-U#,$hP-$&,,-S$(#88$

IJKI$E41$IN$ I]$%&'($)*+,-.#$=$B(!H$



6P-+,-L$4U$dCL*$d40.P0+$

IJKI$E41$IN$ YJ$%&'($)*+,-.#$=$B(!H$



cC83*8#j#,$6#2P+0$

•  `G4..-,.$cCjb$M-2#.$40$`B()d&FI$cCjb$
"#,P>-+#$

IJKI$E41$IN$ YK$%&'($)*+,-.#$=$B(!H$



%#,P>-+#T$G/BcO$

IJKI$E41$IN$ YI$

d-?R2"4,>$
C0.#,$G,P.$
9d)G@$$
!eB$.#>#?>4,$
-,,-S$

G/BcO$6##*$HP#8.$
9G6H@$

%&'($)*+,-.#$=$B(!H$



GISMO – Pixel Noise Spectrum on Sky 

IJKI$E41$IN$ YY$%&'($)*+,-.#$=$B(!H$



G-8-?3?$(#0>#,$|$ILL$

>}P0>$9P0?8C.P0+$*4P030+$L#-2C,L#0>2@T$^5\$"4C,2$
EeH6$~$]$L:S$,>92@$
04P2#$P0$L-*T$I$F$I5\$L:S$
.S0-LP?$,-0+#$�KJJJ$$

IJKI$E41$IN$ YZ$%&'($)*+,-.#$=$B(!H$



%&'($)*+,-.#$q$;48-,PL#>#,$

•  %&'(a$C2#2$U4C,$L404?",4L-3?$nC-,>k$"-8UF7-1#$*8->#2$P0$*C*P8$7"##85$
•  B#8#?>#.$"-8UF7-1#$*8->#$P2$2*C0$?4030C4C28S$4,$2>#**#.D$.,P1#0$MS$-$

?,S4+#0P?$L4>4,$U,4L$)5$/88P04P25$
•  %-,.7-,#$P2$P0$-.1-0?#.$2>->#$4U$.#1#84*L#0>$->$:;<5$

IJKI$E41$IN$ %&'($)*+,-.#$=$B(!H$ Y\$



%&'($V882$-$R#S$7-1#8#0+>"$+-*$U4,$L-0S$S#-,25$

IJKI$E41$IN$ %&'($)*+,-.#$=$B(!H$ Y^$
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%&'(a$;#,U4,L-0?#$
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%&'($G!O$B?P#0?#$;,4+,-L2$
•  cC83F.P2?P*8P0-,S$%&'(a$2?P#0?#$>#-L$7P88$M#$?488-M4,-30+$>4$*,P4,P3k#$

4MQ#?>2$U4,$4M2#,1-340$-0.$>"#0$P0>#,*,#>$,#2C8>2T$
–  ,-'%&(./$&0<+E%$%+%8%'0#(#<+%8E+#$%&+G-&.%?-86$$;5$&.#D$65$d#0U4,.D$c5$

d#,>"4C.D$E5$("-*L-0D$65$("C22D$:5$64>240D$65$647#88D$B5$%-0-0SD$65$%-,*#,D$&5$
g41-?2D$G5$E41-RD$;5$G48.2LP>"D$!5$%#00P0+D$W5$%P8.#M,-0.D$c5$%4C.#D$!5$:40#2D$
:5$B>-+C"0D$65$'-,.F!"4L*240D$:5$h-P88-0?4C,>$

–  E(%)8-#?D#+-G+2RV6$$:5$d-88SD$e5$("C,?"7#88D$W5$(,C>?"#,D$65$6-8#D$:5$6-1P.240D$e5$
67#RD$&5$e?R-,>D$<5$<440#SD$c5$c4,,P2D$%5$c42#8#SD$e5$B?"P00#,#,D$g5$B"#>"D$G5$
B>-?#SD$c5$'#,0#,$

–  VJW+%8E+)&%(8+%'()8./8$+$*/-&06$$&5$<-k-,P-0D$g5$!-22P2D$d5$'"P>0#SD$%5$Ä-0D$e5$
m7#PM#8$

•  c-P0$>"#L#2$-,#T$
–  L-+0#3?$V#8.$2>,#0+>"$-0.$2>,C?>C,#$P0$G-8-?3?$?84C.2$->$-$1-,P#>S$4U$

#148C340-,S$2>->#2$
–  L-+0#3?$V#8.$2>,C?>C,#$4U$>"#$G-8-?3?$?#0>#,$
–  .C2>$+,-P0$-8P+0L#0>$-0.$?"-,-?>#,P23?2$P0$?84C.2D$2C*#,041-$,#L0-0>2D$-0.$

?P,?CL2>#88-,$.P2R2$

IJKI$E41$IN$ %&'($)*+,-.#$=$B(!H$ YN$



E#-,MS$G-8-?3?$(84C.2$

•  %&'(a$*48-,PL#>,S$"-2$-$C0PnC#$-0.$*47#,UC8$?4LMP0-340$4U$
2#02P31P>SD$7-1#8#0+>"$?41#,-+#D$-0.$-0+C8-,$,#248C340$U4,$>"#$
2>C.S$4U$L-+0#3?$V#8.2$-0.$+,-P0$-8P+0L#0>$P0$G-8-?3?$?84C.25$

IJKI$E41$IN$ %&'($)*+,-.#$=$B(!H$ Y]$

h#8-F(D$L-**#.$7P>"$%#,2?"#8$
9%P88$#>$-85$IJKK@$q$-824$-$
>-,+#>$U4,$d<&B!*48$

%&'($N]$µL$

%&'(a$N]$µL$



G-8-?3?$
(#0>#,$

IJKI$E41$IN$ %&'($)*+,-.#$=$B(!H$ ZJ$

("C22$#>$-85$9IJJY@T$$(BO$-0.$g&O$
*48-,Pk-340$L#-2C,#L#0>2$2C++#2>$
>4,4P.-8$V#8.$P0$.#02#$L->#,P-8$-0.$
*484P.-8$P0$L4,#$.PzC2#D$?402P2>#0>$
7P>"$L4.#8$4U$)?"P.-$#>$-85$9K]N\@5$



;,4Q#?>$cP8#2>40#2$

•  &??4,.P0+$>4$?C,,#0>$2?"#.C8#T$
–  9:C8S$IJKIT$$%&'($*-22#.$;,#FB"P*$W#1P#7@$
–  :-0C-,S$IJKYT$$2>-,>$4U$C*+,-.#$*,4+,-L$
–  :C8S$IJKYT$$(,P3?-8$6#2P+0$W#1P#7$
– E41#LM#,$IJKYT$$P0>#+,-340$-0.$>#2>$4U$%&'($
7P>"$*48-,PL#>#,$

– O?>4M#,$IJKZT$$P0>#+,-340$-0.$>#2>$4U$%&'($7P>"$
0#7$.#>#?>4,$

– &*,P8$IJK\T$$.#8P1#,S$>4$6&OHD$U48847#.$MS$
?4LLP22P40P0+$iP+">2$

IJKI$E41$IN$ %&'($)*+,-.#$=$B(!H$ ZK$



;422PM8#$UC>C,#$C*+,-.#T$$V0#F2>,C?>C,#$8P0#$PL-+P0+$

•  6C#$>4$8-,+#$.#>#?>4,$-,,-S$
P0$%&'(aD$L-**P0+$2*##.$
U4,$V0#$2>,C?>C,#$8P0#2$P2$-2$
+44.$-2$%#,2?"#85$IJKI$E41$IN$ %&'($)*+,-.#$=$B(!H$ ZI$

(48M#,>$#>$-85$9K]]]@$



%&'(a$7P>"$V0#F2>,C?>C,#F8P0#$PL-+P0+$

•  J5\$q$J5]$:S$2J5\$2#02P31P>S$U4,$?4030CCL$PL-+P0+$-0.$*48-,PL#>,S$
•  YXKJFK^$q$KXKJFK\$'=LI$2J5\$2#02P31P>S$U4,$PL-+P0+$>",4C+"$W$[$YJJ$V8>#,2$
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&$>4S$L4.#8$>4$P88C2>,->#$"47$-$2PL*8#$>74F8#1#8$
->4L$P2$-8P+0#.$MS$-0$P0?P.#0>$M#-L$4U$8P+">5$

HP0#FB>,C?>C,#F<P0#$;48-,Pk-340$

Ä-0$A$<-k-,P-0$IJJ^D$IJJpDIJJN$

• &8P+0L#0>$4U$->4LP?$+-2$9P5#5$4,P#0>-340$
4U$>"#$-0+C8-,$L4L#0>CL$1#?>4,$X@$?-0$M#$
>,-?#.$MS$L#-2C,#L#0>$4U$HBF<P0#$
*48-,Pk-340$

• W#nCP,#.$?40.P3402$U4,$HB$*48-,Pk-340T$
->4L2=P402$#LM#..#.$P0$L-+0#3?$V#8.2$
-0.$P,,-.P->#.$MS$P0"4L4+#0#4C2$
,-.P-340$V#8.5$$
(402#nC#0?#T$&0P24>,4*P?$,-.P-340$*CL*$
>"#$->4L2$.Pz#,#03-88S$U,4L$.Pz#,#0>$
L-+0#3?$2CM8#1#82D$,#2C830+$P0$41#,F$4,$
C0.#,F*4*C8-3402$4U$>"#$->4LP?$2>->#2$4U$
1-,P4C2$L-+0#3?$nC-0>CL$0CLM#,2D$V+

• HFB$8P0#$#j?P>-3402$.4LP0->#.$MS$
,-.P-31#$#j?P>-340$9*,44UT$4M2#,1-3402$
"-1#$?8#-,8S$.#L402>,->#.$040F<!e$
.P2>,PMC3402$4U$HB$8P0#$#j?P>-3402$P0$;6W2@$IJKI$E41$IN$ ZZ$%&'($)*+,-.#$=$B(!H$


