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How to create a huge galaxy-sized molecule shock?  
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20 cm Radio emission from  
between galaxies suggested an 
intergalactic shock (Allen & 
Hartzuiker 1972) !

Hot X-ray gas indicating 
powerful shock wave!
(Trinchieri et al. 2003) !

VLA Observations!
CHANDRA X-RAY!
TELESCOPE! VLA Observations!

Neutral hydrogen Observations 
show “gap” in HI where 
Shock is observed 



Spitzer IRS 0-0 S(1) Molecular Hydrogen in 
Stephan's Quintet (Cluver & Appleton et al. 2010) 

45kpc 
larger than the 
Milky Way  
dimensions! 

A.$+5]+P)T8*'>$1+
2819IG+-:$/>%4T+),++
->$:.'*^#+_48*>$>+



D<>%$T$+G)>'()*'3+2819IG+5]+E8*$+=))38*7+8*+->$:.'*^#+
_48*>$>++`=34&$%+$>+'3a+]SNSb+

C$6+X'/>#+

E`5]b+\+NSYc+@+)&$%+
V.)3$+7%)4:+

E`5]bUE`K9%'6b+Q+Y+

E`5]bUE`d-8IIeb+f+NS+

E`5]bUE`IGb+\+SaY+
NSSS+K+OPG+['34$#M+

B::3$>)*+$>+'3a+]SSgh+=34&$%+$>+'3a+]SNS+

2)3$/43'%+.61%)7$*+
/))38*7+&$%6+8T:)%>'*>+
8*+>.8#+7'3'<69#/'3$+
.89#:$$1+#.)/0MM+



=)$<8#>$*/$+),+5)>+K9%'6+;'#+'*1+5]+8#+>.8#++
.87.9#:$$1+#.)/0+#477$#>#+>.$+#.)/0+
/%$'>$1+"6+>.$+8*>%41$%+.'#+/)3381$1+V8>.+'+
T43(9:.'#$+T$184Ta++

6XFY6'36&KIZ&/FG/[.!66Y&./I3\&GIF'G&
F'5I&)&?R5F[!/).6&?6YFR?&&&

9+K9%'6#+$T8i$1+8*+>.$+.87.9#:$$1\gSS9RSS+0TU#+
+#.)/0$1+3)V91$*#8>6+T$184TW14#>+1$#>%)6$1+

9+@BG2+`Y+>$T:b+5]+$T8i$1+8*+25P+1$*#$++
T)3$/43'%+/34T:#+$*>%'8*$1+8*+>.$+.)>++
7'#9+14#>+#4%&8&$#+`;4833'%1+$>+'3a+]SSjb+
D</8>'()*'3+18'7%'T+%$k48%$#+=9+'*1+l9#.)/0#+

9!#>%)*7+d-8IIe+'*1+V$'0$%+dX$IIe+1$>$/>$1+8*+#.)/0+
9!999$&81$*/$+),+l9#.)/0#M+dJ$IIIeUdJ$IIe+%'()+
9!/)*#8#>$*>+V8>.+[fNSS0TU#+#.)/0#+

9+18#/)&$%6+),+ZSS+0TU#+V81$+=!`N9Sb+'*1+`]9Nb+
+V8>.+YST+IGB2+>$3$#/):$+8T:38$#++1$*#$%h+
:)##8"36+/)31$%+7'#+:%$#$*>+`2'#$%#mm+;HAb+

2)1$3#?++;4833'%1+$>+'3a+`]SNSb+



=!+lfN9Sh]9N+DT8##8)*+,%)T+#.)/0+`;4833'%1+$>+'3ab+

Very deep IRAM 30m observations 
confirm the existence of broad  
(probably mainly cold) H2 emission 
in the shock and AGN bridge region 
(Guillard et al. in preparation).  
This confirms a multi-phase medium 
in the post-shocked gas.  
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Rich laboratories for interstellar/IGM chemistry 

Flower & Pineau des Floret 2010 

Draine,Roberge and Dalgarno (1983) 
Hollenbach & McKee (1989) 
Kaufman & Neufeld (1996a,b) 

What we don’t know is: 

-Do the J-shocks create lots of H2O? 
-What does the CO ladder look like? 
Is Cosmic Ray heating important?   



5$%#/.$3+/'*+.$3:+"%$'0+>.$+
1$7$*$%'/6+"$>V$$*+=+'*1+l9

#.)/0#++
[OI]/H2 ratio sensitive to J-shocks 
Release of Oxygen can enhance 
H2O formation also.  
H2O can be very strong in J-shocks 
as can Ly-alpha from H2 dissociation  

CO ladder can provide 
information about warm H2 component 
Shocks can heat the gas to higher 
temperatures and populate the high-J levels  
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How to create a huge molecule shock!  

DO NOT TRY THIS! 
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R-band (Red) with H-alpha 
(Blue) 
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As originally suggested for Stephan’s Quintet by Mike Dopita  
(in Appleton et al. 2006) , the mechanical energy of the two colliding ISMs  
is more than enough to provide the heating if it cascades down to the 
 small scales through turbulence and shocks.   

What scale provides heating greatest efficiency?  

Scale of intercloud penetration of two ISMs? 
taking v = 50 km/s, scale l = 1kpc :   
! = 3.4 x 10-33 W/mol 
or 10% of the necessary heating needed.    

Scale of Galaxy-Galaxy Contact Surface?  

If scale l = 10 kpc and v = 500 km/s then the heating is increased by factor of 100 
providing plenty of heating if the energy can cascade down to the scale of  
the clouds—thus would easily provide the necessary heating  

SUPERSONIC  
TURBULENCE 
has no “scale”? 
Instant “cascade” 
to smallest scales? 

Padoan et al. 2001 



A%6+Y+
=)T:'/>+;%)4:#?+
+nP$'>.+"6+P$"%8#p+

How to create a huge molecule shock?  
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Sea of HI Clouds 

GALAXY 
RUNS INTO 
ITS OWN 
DEBRIS 

Method:  
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H2 1-0 S(1) 
Max et al. (2005) 
Keck AO image  

Armus et al. (2006) The Case of NGC 6240 

E5]+\+NSs]+$%7#U#+
->%)*7+IG+/)*(*44T+
243(9>$T:+r>+

5871)*+$>+'3a+]SSg+
z'0'T#0'+]SNS+
`5]+'*1+OB5+
*)>+'>+#'T$+3)/'()*b+



J$V+IXF+1'>'+)*+#.)/0#+8*+`FbEIG;-+
Mike Dopita/Jeff Rich et al. 2010: WIFeS ARRAY 

EVIDENCE FOR SPATIALLY EXTENDED SHOCKED GAS IN ULIRGS 

Regular motion 
in low ! gas 

High-! gas 
shows different distribution 
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MOTIVATION FOR SPICA/BLISS AND PROBING TO HIGH-z 
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