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NAG2 experiment
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» The NA62 experiment aims at measuring the KY p n(bar)
BR (BRg,~1019) with O(100) events in two years of data
taking :
o Clean theoretical prediction in SM Y window on new L T
physics. v
o Best way to measure V,
o Very challenging experiment:
« Redundant determination of the decay kinematics
« Very efficient PID and Veto system to reduce the
background

. Very high beam intensity to measure ultra-rare decay e N,
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NAG2Z trlgger

% 10 MHz ALOQ: Hardware
LAV level. DeC|S|_on_ _
ol o based on primitives
T produced in the RO
- card of detectors
partecipating to
1 MHz [ trigger
O AL1: software
l level. A Si ngl
PC PC PC PC PC det ed®€Csor o
AL2: software
level. The
GigaEth SWITCH informations coming
from different
detectors are
merged together
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—> LOtrigger O(KHZ)
. —> Trigger primitives =>
| === Data
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NAG2 RO & LO

FE links FE links FE links
Tewwr i ] Il e The TELL1 is a general purpose acquisition detector Rate
o board developed for LHCB experiment (by the (MHz)
CUSTOM CUSTOM CUSTOM CUSTOM EPEL Lausanne group)
DY S| ] S CEDAR 50
<» ppepca l | pr-ercal pe-rrcal PPFPGA o5 EPGA _allow a fully customable GTK 300
A, , configuration
) LAV (total) 9.5
o 384 Mbyte DDR ram for buffering data
STRAW (each) | 8
= o 4 connectors allow to add daughter cards
1 y"°"'"k'FPGA depending on the pourpose RICH 8.6
o Embedded Credit card PC (CCPC) to control LKR 10.5
" the board MUV 9.2
- L1Ix 1eb}v:LT Thotte , 1 1C connection for trigger and clock SAC 15

» Standard GBE network card (4 links) allows a
simple data collection on PCs

= o Flexible firmware allows Data flux control and
| monitoring

o Integrated RO and LO trigger primitives
generation

» Most of the detectors are read by TDCs

o TDCB card with 128 high resolution (100 ps)
channels (512 channels for TELL1), FPGA,
SRAM, QPLL, Low noise filtered DC-DC
(developed by Pisa Group)

o Central detector rates: order of 10 MHz
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GPU: the video card processor
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Control A . The GPUs (Graphics processor units) are the standard

A processor used in the commercial Video Card for PCs

» GPU originally specialized for math-intensive, highly
parallel computation

» More transistors can be devoted to data processing rather
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GPU: NVIDIA TESLA C1060

V '.-\

GPU GT200 (TESLA)
» 240 threads processors

s » 30 multiprocessors, each
GPUs NVIDIA Tesla o yoo0 contains
C1060 ¢ 8 threads processor
Performance 933 Gigaflops 1.36 Teraflops « Double precision unity
Memory 4 GB DDR3 1 GB DDRS » Several types of memories
Memory speed 500 Mz 575 My (registers, shared, global,
. texture, constant)
Bandwidth 102 GB/s 124 GBls : . .
. » Fine grained parallelism
tream . . . .
Processors 240 800 o Logical arbitration in parallel
processing
Gflopd200 » Bult-in atomic operations
«2-NVIDIA GPL Tesla10-
1000 Intel CPU SCPS
800 Many tanksto NVIDIA for providing
co0 cardsand support
400 Tesl_a8—
Intel Xeon
200 Intel PZ)ntium |g§;‘i§g$~‘g§ DIS;(_I:‘(—;CEJZSS‘Z.O Quad-core 3GHz 7

0 3.2GHz Shiz
22/09/2002 04/02/2004 18/06/2005 31/10/2006 14/03/2008
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Example: RICH ring finder

» The main background for the
measurement is KY-mn(BR~63%)

» Rejection based on kinematics (factor
~10%), vetos (factor ~10), PID (factor
~10-3)

» The RICH have to provide p-m
separation at level of 5-10-2 in the 15+35
GeV range

» 17 m long, 3 m in diameter, Neon (1
atm) radiator, 2x1000 PMT, 100 ps time
resolution

-

Mirror Mosaic
(17 m Focal Length)

i .
Beam Pipe

i
WIMFZQ See M.Piccini talk 29/10 N40-1

= . oo i, RICH400

5 " 16 prototype

- 14 test beam
L B 1.2
il N,
L :l 1 0.8
r ' 0.6
- 0.4
C . R 0.2
0" 5 [ 70 0

R 1 C Hifgs at trigger level:

¢ online PID (for main trigger
and special rare decays
triggers)

« muon halo identification
(parallels muons coming
from the main target)

¢ Stand-alone four
momentum reconstruction
(assuming particle mass)
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Example: Algorithms

—

Three algorithms implemented at the moment to test
the parallelization structureand t he GPUOGSs
performances:

» Algol: Generalized Hough transform. Each hit is
the center of a test circle with a given radius. The
ring center is the best common point of the test
circles
« Pros: natural parallelization, small number of
thread for event
« Cons: unpredictable memory access
(read&write conflicts), heavy use of on-chip
fast memory
o Algo2: Optimized-for-problem multi-histograms
approach. Each PM is considered as the center of a
circle. For each center an histogram is constructed
with the distances btw center and hits.
« Pros: very fast and simple kernel operation
« Cons: not natural resources assignement; the
whole processor is used for a single event
o« Algo3: Optimized-for-device multi-histograms
approach. Similar to algo2 but different resources
assignment
« Pros: natural memory optimization and
resources assignment
« Cons: waste of resources

NAG2 )
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Example: Algorithms

» Several steps of optimization (still
room for improvement)

o Algol and Algo3 are suitable to
process many events in concurrent
procedure at the same time (in Algo2
the single event saturates the chip
resources)

o Encouraging preliminary results

Algorithm TESLA ¢ 1060

Algo 1 85 us
Algo 2 139 us
Algo 3 12.4 us

NAG2 )

us ___algo1l
— algo 2
— algo 3
& o o
&° & oe’%% Q\\@ &({\
< X O (9) [2)
é\A \(\\ 6\(0 @
Q\& @Q @QIQ\\_‘& \{3} \)\\_\Q
(o)
GPU 12 hits

Best ring \

Hits generated
NA62 - G4 MC

10



