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IceCube:  transforms 1 km3 of natural Antarctic ice into a Cherenkov detector 
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•  cosmic  
  neutrinos: 
  energy  
       > 100 TeV 

•  atmospheric 
  background: 
  1~2 events 
  per year 

atmospheric      neutrino cosmic 





highest energy muon energy observed: 560 TeV 



neutrinos  of  all  flavors

interac=ng  inside


IceCube


confirma=on!

flux  of  muon  neutrinos

through  the  Earth




•  find contained 
  events (420 Mton) 
 
•  total calorimetry 

•  complete sky coverage 
 
•  flavor determined 

•  some will be muon 
  neutrinos with good 
  angular resolution 
 
loss in statistics is compensated by event definition 
 
 
 



data: 86 strings one year 

…and then there  
were 26 more… 
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3  years






… for science and for the experimental accomplishment of building IceCube … 



IceCube performance 

Digital Optical Module (DOM)


completed December 2010 

•  5160 optical sensors 
    between 1.5 ~ 2.5 km 
•  10 GeV to infinity 
•  < 0.5 degree on-line 
    < 0.3 degree off-line 
    for muon tracks 
    10~15 degrees for 
    showers 
•  < 15% energy resolution 

 
 







digital optical module 44 on string 20 only 



improving angular and energy resolution  



energy measurement ( > 1 TeV ) 
 

convert the amount of light emitted 
to measurement of the muon 
energy (number of optical modules, 
number of photons, dE/dx, …) 



 Digital Optical Module (DOM) 
… each DOM independently collects light signals 

like this… 
 
 
 
 
 
 
…time stamps them with 2 nanoseconds 

precision and sends them to a computer that 
sorts them into muon and neutrino events… 

Digitized Waveform 





AMANDA  string  18
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IceCube.wisc.edu 





… you looked at 10msec of data ! 
 
muons detected per year: 
 
•  atmospheric*    µ                ~ 1011 
 

•  atmospheric**   ν ! µ          ∼ 105 

•  cosmic              ν ! µ         ∼  10	



* 2700 per second                ** 1 every 6 minutes 	
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Φν ≡
dN
dE

≈
1
E 2

rationale for a kilometer-scale detector 



 
Galactic: 
supernova  
remnants? 

 
extragalactic: 
•  gamma ray 
     bursts?? 
•  active 
     galaxies? 

 

sources that 
accommodate 
the observed 
energy budget solar 



where  do  they  come  from?




where do they come from (3 year data)? 



Galactic 



you have one guess: starburst galaxies ? 

astro-­‐ph/0601695




… maybe one other one: blazars (TA+IceCube) 



expect  surprises:  produced  by  Galac=c  dark  maRer  halo?




where  do  they  come  from?


•  not all Galactic 
•  structure of the spectrum applies directly to the 

accelerator, no cascading like for photons 
•  where are the PeV photons? 
•  we may be surprised, it happened before 
•  need more events: no SCO-X1, more like Martin 

Ryle’s radio stars  
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search for point sources of neutrinos 



auto correlation: detect association with sources 

total number of events required to observe 
n-events multiplets from the closest sources is 

 
 
 
 

for a observed diffuse cosmic flux and 0.4 degrees 
angular resolution  

 
examples of local source densities (per Mpc3):  
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•  a next-generation IceCube with a volume of 10 km3  
   and an angular resolution of < 0.5 degrees will  
   identify the sources of a “diffuse” flux in several 
   years and guarantee astronomy. 

•  discovery instrument ! telescope 



absorption length           " 220m ! 

most transparent solid 
in Nature...or laboratory 



 scattering length        " 47m ! 



DeepCore
IceCube
NGIceCube  (1/2/3)


Spacing 1  (120m): 
IceCube (1 km3)  
+ 98 strings (1,3 km3)  
= 2,3 km3  

 
Spacing 2 (240m):  

IceCube  (1 km3)   
+ 99 strings (5,3 km3)  
= 6,3 km3  

 
Spacing 3 (360m):  

IceCube  (1 km3)  
+ 95 strings (11,6 km3)  
= 12,6 km3  

(increase in threshold not important: only eliminates 
energies where atmospheric background dominates) 

measured optical properties ! twice the string spacing 





Dave, it could not have been done without you! 
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γ + p→ n+π +

cosmogenic ν



  cosmic rays: protons 

neutrinos produced in 
interactions with 

microwave photons 

~1 event per year in 
 IceCube, PAO and ARA 



•  ~ 5 events per year 
in next-generation 
IceCube 

•  ARA - IceCube 
    coincidences 
 
•  joint PeV-EeV 
    search 
 
•  ultimate beyond the 

SM measurement 
 

Livingston plot : 
energy versus year 

(Salzberg) 



Toba eruption 





overflow  slides








DOM Mainboard 

#  fast ADC  
recording at 40 MHz over 5 µs 

event duration in ice  
2xATWD 

FPGA 
Memories 

HV Board  Interface 

CPLD 
#  FPGA (Excalibur/Altera) 
     reads out the ATWD 

     handles communications 
    time stamps events 

system time stamp resolution   
7 ns wrt master clock 

oscillator (Corning Frequency Ctl) 
        running at 20 MHz 

        maintains δf/f < 2x10-10  

#  2 four-channel ATWDs 
Analog Transient Waveform Digitizers 

low-power ASICs 
recording at 300 MHz over first 0.5µs 
signal complexity at the start of event 

#  Dead time < 1% 

 Dynamic range  
 - 200 p.e./15 ns 
 - 2000 p.e./5 µs 

energy measurement (TeV – PeV) 





Galactic

1

2

3
4 5

6

7

8

9

10

11

12

13
14

15

1617

18

19

20

21

22

23

24
25

26

27

28

N
or

th
er

n 
H

em
isp

he
re

So
ut

he
rn

 H
em

isp
he

re

IC-40 (γ)

IC-86 (γ)

Galactic Plane

CA
SA

-M
IA

180o

90o

-90o

H
AW

C

-180o

PeV events 

c.o.g of 5-event cluster 
hottest spot in IceCube 
PeV gamma ray map 

boundary with no gamma ray  
observations in Southern sky 

Galactic coordinates 
arXiv 1309.4077 



the energy range of cosmic  
accelerators producing PeV 

neutrinos 

Galactic or extragalactic? 



cross correlation with catalogues: 
 

for 100 local sources (e.g. Auger and TA) 
a total of 20~50 events are required 

 
time dependence for flaring sources!  


