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IceCube — a neutrino

detector
50m
1400 m DOM
* Digital Optical Module
* tot. 5160 in full detector
* PMT tubes registering
s oo photons
* 2.6 million photons/s
{ A detected (“hits”) in full
2400 m detector



Neutrino — muon — photon hits along a
straight line

(noise hits omitted from picture)




Track Engine — an additional trigger

* Atrigger. select a subset of the data for
further processing

* The Track Engine: enhanced triggering som |
sensitivity for low-energy neutrinos

* Neutrino-induced photons embedded in
noise background

* Low-energy neutrino — fewer photons —
lower signal/noise ratio
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Track Engine (cont.)

* Track Engine, compared with other
triggers...:

— processes all hits

— trigger method based on geometry of

the hits
I_______________________________________________________;
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! All hits |
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| stringHub Trigger :
: stringHub Only LC hits Existing signal | Data Acquisition :
| triggers System :
! stringHub !
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IceCube (DOMs
in the ice)




The full Track Engine system

controlServer

FPGA

PCle interface

-

FIFO buffer TECore

— P
hits
FIFO buffer
- -«
detected tracks

Board: HighTechGlobal HTG-V6-PCle
FPGA: Xilinx Virtex-6 LX240T -2
Interface: x8 Gen2 PCle

Host computer (controlServer):
Dell R710 rack server



Track Engine Algorithm

* Divide hit stream into overlapping time windows
* Apply the Track Engine algorithm to all hits of each

time window
* Time window width = 5 us, slide 1 us at a time
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Track Engine Algorithm

- a 2-dimensional example
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Track Engine Algorithm

- a 2-dimensional example
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Track Engine Algorithm

- for the 3-dimensional detector

* Two angles, 8 and ¢ of a
spherical coordinate
system, needed to identify a
direction between two hits




The FPGA implementation

* The algorithm is, in principle, implemented as one long
processing data path, without intermediate buffers

— length: approx. 1500 clock cycles

— — superior computing performance

* Only integer (as opposed to floating-point)
representation used

— advantage: reduces hardware resources, improves
timing and hence performance

— disadvantage: more complex to develop



Test environment (self-developed)

simulation in modelSim

- N
Matlab outputFile ,| TE Core writeFile Matlab
script ascy | YHDLunit | detected | YHPLUNIt | agcy | script
text file tracks text file

7 L7

analyze output
(e.g. compare to
expected output)

generate input data
(generate expected output)

v



Test environment (self-developed)

simulation in modelSim

- I
Ma_tlab outputFile ,| TE Core writeFile Ma_tlab
script ascy | VHDLunit | detected | VHPLUNt | rscy | script
text file tracks text file
, analyze output
generate input data _ (e.g. compare to
(generate expected output) expected output)
production hardware
A
PCle FPGA PCle
Ma_tlab host sw/ ,| TECore o hostsw/ Ma.tlab
script driver driver script
ASCII hits detected ASCII
text file tracks text file

I 4

generate input data
(generate expected output)

v

I /

analyze output
(e.g. compare to
expected output)
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Backup slides



* Histogram bins

— — regions on the unit

sphere, defined as 6

and ¢ limits




Hit digestion rate f,  [MHz]
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Hit digestion rate vs. Hit density
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startThis

collector

. , anglesin
logic state machine 9

anglesin

reader detTrackPkg

clearer

. memory

startNext

dividerWrapper
angleCom
miscCoords .mod g P

addr

xyQuadrant




TWhbuffer

strobe
. signal
hit currentHitReg =~ ——»adar Do
—» DI DO
» DI
hit1”| | hit2”
validPair
pair
vYyy
pairSparser histogram detTrack
DataCollector
anglesin anglesinSparse detTrackPkg detTrackPkg,

readyToSparser




Tq := tan2(theta) Tqmo q= 2*Tgmax-Tq (theta>=pi/2), Tq (theta<pi/2)
TgMax=50 foo
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pair

coord. pipe-line

DOM IDs AXC+AYP+AXP

time pipe-line

((t,1,)1.0c)?

t1’ t2

((t,-1,)0.3¢)?

pairOut




Neutrinos detected by Cherenkov radiation

neutrino

o collission

. Cherenkov photon

@ . muon
;N 6 /,/' radiation
H20 molecule YT /}
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