
Simula'on of a large op'cal extension of IceCube 
for future neutrino‐astronomy in the TeV‐PeV 
range with a detector on the DecaCube‐scale 

David Altmann and Christopher Wiebusch 



Mo'va'on 
•  Primary goal of IceCube is to 

discover TeV/PeV sources of high energy extra‐terrestrial neutrinos  
•  Current proposals for upgrades are great ideas but can not sustain this 

core science for the future 
–  Radio and acous'c detec'on:  10‐100 km3 but focuses on E>>100 PeV  

         GZK neutrinos 
–  DeepCore, BeyondDC phase1 :   extending but not replacing the science  
–  BeyondDC phase 2, DM‐ice ….   completely different science goal 

•  A possible scenario aVer 3 year opera'on of IceCube is the observa'on of 
a 6 excess in the diffuse flux and a 4 point‐source 
–  Who would not want to understand these observa'ons ? 
–  A substan'al increase of signal sta's'cs is needed ! 

•  IceCube technology just works 
•  Can we scale the op'cal IceCube detec'on method to the DecaCube scale 

with acceptable effort?      



Assump'ons 

1.  Inter‐string spacing in IceCube is not op'mum 
–  op'mized for ~30TeV,  

current limits prefer higher energy 
–  original op'mum value ~150m was reduced to ~120m 

because of  inter‐string calibra'on 
–  with more channels we can afford a courser spacing 

Þ  strongly increase inter‐string spacing 

2.  Scale of the project is set by 
–  costs of IceCube (80M$ investment, 270M$ total) 
–  deployment (20 strings/season, max 5 years) 
–  proposal by KM3NeT (~250 strings):  

220M€ (investment only   1G$ in IceCube coun'ng) 
 100 strings, similar investment as IceCube 



Studied geometries 

DeepCore IceCube DecaCube (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  



Spacing 1 – 120m 

E8 PeV 

 spacing unnecessarily small ! 



Spacing 3: 360m 

DeepCore 

IceCube 

DecaCube 

start‐energy 

In DecaCube the muon is observed by a single string/layer 



Spacing 3: 360m 

~ 18 TeV 

The threshold of Deca‐Cube will be of the order of 10 TeV 



Spacing 2 

~ 400 PeV 

In DecaCube‐2 the muon is 
observed by several strings/layer 



Effec've Area on trigger level 

Trigger: 12 HLC hits 

1.  Spacing 240m not beher than 360m 

2.  Threshold where large spacings 
substan'ally improve over IceCube 
is  ~10TeV (only) 



Improvement Factor w.r. IceCube‐86 

1:1 

2:1 

3:1 

4:1 
10 TeV 

50 TeV 

•  geo‐1 is worse than 2:1 
•  threshold 10 TeV‐50TeV 
•  gain in Aeff is linear in spacing 



What if a factor 4 ? 

Assuming 
IC‐86IC40+IC59 

Substan'ally exceeds KM3Net sensi'vity at slightly higher energy with ~ ¼ of costs 

 Need to verify this with full event reconstruc'on & realis'c event selec'on 

KM3Net: 2x3km3 

220 strings 

Teresa Montaruli, Venice 2011 

Not considered !!! 
1.  angular resolu'on 
2.  energy threshold 
3.  background 
4.  selec'on efficiency 



Summary and Conclusions 

•  If IceCube sees a signal then we want to increase sta's'cs with a 
DecaCube detector 

•  Current working IceCube concept seems scalable to ~10km3 without major 
new developments 
Addi'on of ~100 strings, similar investment as IceCube 

•  Ini'al results of a MC study: 
–  volume increases quadra'cally with spacing (as expected) 

–  gain in  Aeff overpropor'onal w. .t. #strings: (factor 4 for doubling the strings) 

–  gain in  Aeff is linear in spacing 

–  unexpectedly low energy threshold: 10TeV‐50TeV, (galac'c sources s'll in reach ?) 

–  On trigger level largest spacing looks best 

 need further inves'ga'ons with a realis'c data analysis 

Further remarks 
–  The addi'on of ~60 central strings would allow for a km3 scale DeepCore detector 

–  We expect an substan'ally improved angular resolu'on for IceCube‐events 

–  Triggering and pile‐up events in the sparse instrumented array should not  be too 
difficult to solve (using current methods of the IceCube slow monopole trigger) 



Events: Spacing 120m 



Events: Spacing 120m 



Spacing 240m 



Spacing 240m 



Spacing 360m 



Low energy event spacing 360m 



single layer PeV event Spacing 360m 


