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AMANDA-A:	sca;ering	on	air	bubbles!	
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Diffusive	approximaEon	
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0.2	m/ns	
	

5	ns/m	



sca;ered	

absorbed	

Measuring	Sca;ering	&	AbsorpEon	

• 	Install	light	sources	in	the	ice	
	

• 	Use	light	sensors	to:		
		-	Measure	how	long	it	takes		
				for	light	to	travel	through	ice	
	

		-	Measure	how	much	light	is	delayed	

		-	Measure	how	much	light	does	not	
				arrive	

• 	Use	different	wavelengths	
	

• 	Do	above	at	many	different	depths	
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Wavelength	dependence	of	sca;ering	
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3-component	model	of	absorpEon	

	
Ice	extremely	transparent	

between	200	nm	and	500	nm	
	

AbsorpEon	determined	by	dust	
concentraEon	in	this	range	

	
Wavelength	dependence	of	dust	
absorpEon	follows	power	law	
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A	6-parameter	Plug-n-Play	Ice	Model	

be(λ,d )

a(λ,d )

sca;ering	

absorpEon	

be(400,d )
Power	law:	

λ-α

3-component	model:	
CMdust	λ

-κ	+ Ae-B/λ

T(d )

Linear	correlaEon	with	dust:	
CMdust = D·be(400) + E

A = 6954 ±	973
B = 6618 ±	71
D = 71.4±	12.2
E = 2.57 ±	0.58
α = 0.90 ±	0.03
κ = 1.08 ± 0.01

Temperature	correcEon:	
Δa = 0.01a ΔT

id=301	



Ice	layer	parametrizaEon	

10	m	

In	each	10-meter	layer	define:	
• 	sca;ering		
• 	absorpEon	

	
	
	

Source	is		
blurred	

Source	is	
dimmer	

sca;er
ing	

a	=	inverse	absorpEon	length	(1/λabs)	
b	=	inverse	sca;ering	length	(1/λsca)	



Trapped	air	bubbles	

At	some	depth	between	0	and	200	m	
air	bubbles	become	trapped	and	are	
squeezed	into	the	ice	as	ice	packs	
under	pressure.	
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-50…-20	C	

Conversion	into	air	hydrates	
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Mie	sca;ering	theory	
ConEnuity	in	E,	H:	
boundary	condiEons	in	
Maxwell	equaEons	

e-i|k||r|	
r	
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AnalyEcal	soluEon!	
	
However:	
	
Solved	for	spherical	parEcles	
	
Need	to	know	the	properEes	of	
dust	parEcles:	
	
• 	refracEve	index	(Re	and	Im)	
• 	radii	distribuEons	



ApproximaEon	to	Mie	sca;ering	

fSL	

Simplified	Liu:	

Henyey-Greenstein:	

Mie:	
	
Describes	sca;ering	on	acid,	
mineral,	salt,	and	soot	with	
concentraEons	and	radii	at	SP	
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Dust	logger	
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Dust	logger	discovers	ice	Elt	

Measured	with	dust	loggers	(Ryan	Bay)	
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CorrelaEon	of	fi;ed	opEcal	properEes	
with	dust	logger	data	
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(from	Ryan	Bay)	

Scaling	to	the	loca@on	of	hole	50	

fi;ed	detector	region	
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Merged	dust	log	
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SPICE	model	fit	
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Photon	tracking	with	tables	

• 	First,	run	photonics	to	fill	space	with	
photons,	tabulate	the	result	

• 	Create	such	tables	for	nominal	light	
sources:	cascade	and	uniform	half-
muon	

• 	Simulate	photon	propagaEon	by	
looking	up	photon	density	in	tabulated	
distribuEons	

à 	Table	generaEon	is	slow	
à 	SimulaEon	suffers	from	a	wide	range	
of	binning	arEfacts	
à 	SimulaEon	is	also	slow!	(most	Eme	is	
spent	loading	the	tables)	



Direct	photon	tracking	

propagate	photons	directly	when	needed	

photon	propaga@on	code	(ppc)	or	OpenCL	simula@on	(clsim)	

insert	photon	

length	to	absorpEon	 distance	to	next	sca;er	

propagate	to	next	sca;er	sca;er	

check	for	
intersecEon	
with	OMs	

Check	for	
distance	to	
absorpEon	

hit	 lost	



7	(1+6)	strings	of	flasher	data	

N 

E 
Ice flow direction 

41o NW 

9% less scattering 
41o NW 

Ice Layer tilt direction 
225o SW 

63:	IC40,	2008	
other:	IC86,	2010	
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fit	region	(inside	detector)	extrapolaEon	region	 (outside	detector)	

black	line:	fit	to	flasher	data	 gray	band:	scaled	merged	dust	log	

(m-1)	 (m)	



	Ice	anisotropy	
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Sca;ering	example	(5%	anisotropy)	



Hole	ice	cameras	

AMANDA:	
	

	Swedish	camera	deployed	in	1998	in	AMANDA	hole	13	
	
	
IceCube:	
	

	Bubble	camera	deployed	in	the	2006/7	season	with	string	57	
	

	Swedish	camera	deployed	in	the	2010/11	season	with	the	last	string	(80)	
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Camera Orientation (cable on left side) 

$"

-29° +44° 

-27° +48° 

Polar 0° 

Polar 0° 

Penetrator 

Penetrator 

Clear Glass 

Clear Glass 

Note: if you move 

the cameras to the 

“unclear” opposite 
side, then camera 

motion on the 

negative polar side 

may be blocked by 

the penetrator 
Orientation of Upper Image Bu
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ly
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Central	core	

Old	ice	 Old	ice	

Clear	new
	ice	
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Things	we	learned	
	 	Dust/impuriEes	

	
	
	
	
	

	 	 	 	 	 	 	 	Air	bubbles/hydrates	
	
	
	
	
	
	
	
	
	
	

	 	 	 	 	 	 	 	 	Hole	ice	
	

	Ice	anisotropy	 	 	 	 	 	 	 	 	 	 	 	 	Ice	Elt	

N 

E 
Ice flow direction 

41o NW 

9% less scattering 
41o NW 

Ice Layer tilt direction 
225o SW 
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