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...and search for differences between matter and antimatter!

Compare trillions of matter aﬁdahtimatter particle decays...



MATTER VS. ANTIMATTER
E = mc?

HEP REALTIME ANALYSIS
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MATTER VS. ANTIMATTER

F — \/m2(34 + p2c2
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MATTER VS. ANTIMATTER

F — \/m2c4 + p2c2
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RARE DECAYS: DIMUONS
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RARE DECAYS: DIMAUN
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RARE DECAYS: DIMAUN
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DIMUONS
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DIMUONS
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“ONLINE" : DATA FLOW AND TRIGGER

dedicated electronics,

40 MHz,
<2TB/s>

software, 50K CPU

cores
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DATA REDUCTION & DATA FLOW

» before 2014 —
Synchronous, quasi real-time Asynchronous
[ ) ( )
‘Online’; Near-detector resources ‘Offline’: Grid resources
d _ First h Second
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R | 40k = i 1 MHz — 100 kHz | 100 kHz = 5 kHz
k J \_ _J . w,
] ] [ ] \
El'lme from collision: us sec sec hours days weeks months )

» Disadvantages:

» time: alignment + calibration applied after data taking
» money: uses a lot of computing resources to (re)process data

» physics: imperfect reconstruction in trigger = loss of recorded signal
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“REAL TIME™ CALIBRATION

» Use the introduced delay to

perform calibrations

» Software trigger has best
possible calibrations available
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UNIFY ONLINE/OFFLINE RECONSTRUCTION H{ %V 5
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UNIFY ONLINE/OFFLINE RECONSTRUCTION
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UNIFY ONLINE/OFFLINE RECONSTRUCTION
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WRITE OUT LESS INFORMATION!

» For selected measurements, only
write trigger-reconstructed signal Tracks from -v
Other tracks
' others PVvs
data, instead of the sensor data From trigaer BV

» For the same bandwidth, can

+Y, TT°

T

allow more physics
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WRITE OUT LESS INFORMATION!
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WRITE OUT LESS INFORMATION!
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» For selected measurements, only =
write trigger-reconstructed signal .
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TRIGGER DATA PROCESSING

» Individual collisions are scheduled ‘round robin’ on single-

threaded processes — approx. one per core — with static
data/control flow

» HIt1: O(50) decisions, HIt2: O(500) decisions
» O(100) “algorithms” per decision

» Accept collision at each level if one (or more) positive
decisions

» All decisions processed until ‘abort’ or ‘accept’ — no ‘early
accept’!

» Each individual decision is based on different criteria, with
(some) overlaps — but ‘logically independent’
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TRIGGER DATA PROCESSING

» Individual collisions are scheduled ‘round robin’ on single-
threaded processes — approx. one per core — with static
data/control flow

» HIt1: O(50) decisions, HIt2: O(500) decisions
» O(100) “nodes” per decision

» Accept collision at each level if one (or more) positive
decisions

» All decisions processed until ‘abort’ or ‘accept’ — no ‘early
accept’!

» Each individual decision is based on different criteria, with
(some) overlaps — but ‘logically independent’
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WORK IN PROGRESS

» Map to tasks & build a graph

» Require explicit data dependency declarations
& control flow definitions

» Redesign/refactor code for thread-safety
» Dynamically scheduling (for now: TBB tasks)

» allow for latency (hiding) — necessary (but not
sufficient!) for using accelerators

» Allow multiple collisions ‘in flight’ to further
increase parallelism and workload per task
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WHY? THE LHCB UPGRADE!

» To (continue to) make progress in the future:
» Increase signal rate by (at least!) an order of magnitude

» Increase luminosity x5, (trigger) efficiency x2 (depending on mode)

CERN/LHCC 2013-021
LHCb TDR 13
29 November 2013
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“ONLINE" : DATA FLOW AND TRIGGER software, 50K CPU

cores
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“ONLINE" : DATA FLOW AND TRIGGER

dedicated electronics,
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LHCb Trigger LLT hadron

TIS or TOS

“ONLINE" : DATA FLOW AND TRIGGER

» At 5x luminosity, the 1 MHz readout rate becomes a
bottleneck

» Signal no longer identifiable by ‘simple’, fixed latency

hardware processing
dedicated electronics,

40 MHz,
<2TB/s>

Efficiency

20
L.LT-hadron rate (MHz)

1MHZz
<60 GB/s>
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“ONLINE" : UPGRADE DATA FLOW AND TRIGGER

» At 5x luminosity, the 1 MHz readout rate
becomes a bottleneck
software, 777777 CPU
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» Signal no longer identifiable by ‘simple’, [ E
fixed latency hardware processing HHEEEEE B
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<2-5 GB/s>
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EVENT BUILDING @ 40 MHZ

» 32 Thit/s
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» "All data to the surface” A
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EVENT BUILDING @ 40 MHLZ . .

Detector front-end electronics € =

o
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7 " 38800 -a < T - —TN\A o

» “All data to the surface Versatile Link (\_// N DT T ~Lh -
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» Decouple front-end electronics from

<comman S(

500 Eventbuilder PCs (software LLT)

EEENYS

Eventbuilder network

event builder network

throttle from
PCle4d0

» Frontend—GBT link =PCle 6 x 100/Gbit/s

} GBT Iink: rad-hal‘d, integrated intO [ subfarm ]~ { subfarm
switch ~~~~~ Q “,—’ switch .
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. storage
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Eventfilter Farm
» Buffering in PC memory ninle ~ 80 subfarms

UX85B
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EVENT BUILDING @ 40 MHL Event Filter
(HLT) Network

e Node towarao
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S /
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CERN OPENLAB WHITEPAPER

» “Data acquisition is where

Instruments meet IT systems. ”

» “Costs and complexity must be
reduced by replacing custom
electronics with high-

CERN openlab Whitepaper
on Future IT Challenges
in Scientific Research

performance commodity
processors and efficient
software.”

May 2014

CERNopenlab
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SUMMARY

LHCb physics covers a large "dynamic range”

» high efficiency for the rarest B decay

» high purity for the largest charm samples
"Real-time"” processing crucial for the physics reach

» In the future: software processing 30 MHz of
collisions

Writing the required software will be a challenge!
» Robust — crashes will lead to data loss
» Correct — mistakes will render the data ‘useless’

» Efficient, both in reconstruction & selection, and use
of computing resources
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https://arxiv.org/pdf/1703.05747.pdf

