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~ LHCmachineewolton

Focus of this talk

Run 1
0.75 x 1034cm—2s™"
50ns bunches

Run 2
1.5 x 10%4cm—2s-!
25ns bunches

Run 3
2.2 x 1034cm=2s1
25ns bunches

Run 4
5 x 1034cm—2s1
25ns bunches

pileup ~40 pileup ~40 pileup ~60 pileup ~140 - 200

LHC HL-LHC

Run1 LS1 Run 2 LS2 Run 3 LS3 Run 4

2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2 2024 | 2025 | 2026

» Steady increase in machine luminosity both

Integrated luminosity Pileup
within runs and between runs GPD
1 LHCb GPD
» Ultimate goal of 3000fb in 10 years of
HL-LHC running Run 1 3 25 40
« @ pp Collision rate of 5.6GHz Run 2 10 100 40
: : . , Run 3
 Pileup is the most important metric of event

Lch

complexity for reconstruction software



Recording of all LHC data?

 Two bottlenecks:

— Read-out bandwidth:
Fast read-out of O(100M) detector channels

— Bandwidth to storage:
Offline computing resources for reconstruction, storage

Bandwidth = Event rate x Event size

Run 2: Run 3:
Event size Detector readout Detector readout
ATLAS: 1-1.5 MB ATLAS: ~100kHz ATLAS: 0.4MHz
CMS 1-1.5 MB CMS: ~100kHz CMS: 0.5-0.75KHz
LHCb ~100kB LHCb 1MHz LHCb 40MHz

Right now: Data Volume to farm ~ equal in ATLAS, CMS, LHCDb
- Run 3 LHCb will increase it by factor 60
(ATLAS & CMS come for Run 4)
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LHCDb’s Run 3 signal rates

« Challenge: every event contains signal
— 0.2 b-hadrons, 1.5 c-hadrons, 33 light-long-lived

« Must go beyond rejecting background
—> classify signal and choose wisely

 PT and lifetime alone not sufficient to reduce rate
- requires all available detector information

Rates as a function of decay time cut for part. reco. candidates Rates as a function of pT cut for part. reco. candidates
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LHCb: 30MHz reconstruction

« Offline-quality tracking in
software possible @ 30MHz

— Uses about 50% of estimated Offline HLT

budget (~3MCHF farm) 0 VELO tracks ] ( VELO Jacks )
— Thanks to upgraded vertex [ VELO-UT tracks J
detector & tracker designs pr >200 Me\{/l: Aplp~ 15%
— Vetex detector outside of dip0|e Forward tracks Forward tracks
magnet L pr >70 MeV, Ap/p ~0.5% } L pr >500 MeV, Ap/p~0.5% }
v v
PV finding [ PV finding ]
: - - J
Converge o_nIme and offline ( D R G J
reconstructions Output j;. 1 MHz
— Already significant steps ( i I )
accomplished for Run 2 4 T
—Full Kalman fit } [ Simplitied Kalman fit }
% v
. FPGA assisted tracking was [ RICH PID J [ oninemchpo |

tested and found not to be
cost effective
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Reduce immediate LHCb v
reconstruction CMS/ATLAS
overhead by: — Data Parking Reconstruction at
savintg d?a Delayed stream the trigger level CMS/ATLAS — Data Scouting
reconstructing N
it (much) Later \V/ LHCb — Turbo Stream
4 Events accepted
7 G SRR ‘Bypass’ storage limitation
\ 4 vV (trigger selection) by:
moving analysis online
Delayed event Fully reconstructed saving only selected information
reconstruction object in event rather than fewer full events

Measurement/
Search

Figure: C. Doglioni

rach
nCP




Interlude: calibration and reconstruction

Online event D Events at trigger level
> Reconstruction good for analysis

Online calibration
of the detector

LHCb/ATLAS/CMS:

~same reconstruction

LHCb: buffering data on software and inputs
disk allows for precise online and offline

detector alignment
and calibration
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Offline:

Online:

Lnlineé. Best availabl
compromise erformancee
between > ,

less timing

performance an :
constraints

stringent timing
requirements

Hbastration

Online-Offline differences in Run 1:
Pattern recognition, alignment & calibration,
no hadron PID online, selections

Goal for Run 2:

« Same reconstruction online and offline
» Needs online calibration & alignment




Online: Offline:
Compremise Best available
between performance,
less timin
performance an _ g
constraints

stringent timing
requirements

Hbastration

Online-Offline differences in Run 1:
Pattern recognition, alignment & calibration,
no hadron PID online, selections

Goal for Run 2:

« Same reconstruction online and offline
» Needs online calibration & alignment

Run 1 example:
Lifetime measurement
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» Specific procedures applied for each
subdetector

LHCb Preliminary
L1 o(T) = 92 MeV/c?

» Monitored in real-time at the control
room

I‘I!![IIIIII\‘\\\[\

» Run 2 Impact parameter resolution in

60_
- the trigger is now identical to Run 1
F T L it offline:
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Run 1 2 Run 2

Run 1 (2012) Run 2 (2015)

40 MHz bunch crossing rate

40 MHz bunch crossing rate

v > IF

LO Hardware Trigger : 1 MHz
readout, high Et/Pr signatures

LO Hardware Trigger : 1 MHz

readout, high E1/Pt signatures

450 kHz 400 kHz 150 kHz

. Software High Level Trigger

Buffer 20% to disk ‘
Partial event reconstruction, select
‘ displaced tracks/vertices and dimuons
Software High Level Trigger . .
29000 Logical CPU cores Buffer events to disk, perform online

detector calibration and alignment

Offline reconstruction tuned to trigger
time constraints

Full offline-like event selection, mixture
of inclusive and exclusive triggers

o U U

Mixture of exclusive and inclusive [
selection algorithms

> >

5 kHz Rate to storage

« Extremely large o5 and o in LHC hadron collisions at 13TeV
— corresponds to 45kHz bb and 1MHz cc in acceptance

« Trigger system classifies signal to large extend
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LHCDb: offline vs online reconstruction

Run-2: online and offline reconstructions effectively the same

= o IT1 ASide
. . x IT1 Bottom

LHCDb Simulation = . + IT1 Top

o IT1 CSide

— Online Run II
— Offline Run I

’t:]'llllllllllllllllll_l

Resolution Ax [mm]

B. Storaci, CERN Seminar
1 1 | I | 1 | 1 1 1 | 1 | |
20 40 60 80
Multiplicity of reconstructed tracks

Fill number

Real-time calibration in Turbo Stream:

Disk space sufficient to store 160 hours

in minutes, realign with fresh data and of HLT1 events (60kB,150kHz)
update constants if needed T e e
Possible thanks to HLT/calibration farm = e B
computing power : ,
£ 2000 .\’,I
Z 1000 i‘f ! h Wi N N
ﬂ_LI'I"'L\_'J*."J""lIF ; Iw_ﬁ i LT Y 'L_AJ"'-II\.“"Nx - ll FJ’.‘ I YT

Time in minutes
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Summary ?

 LHCb performs its big upgrade after Run2

— Data rate in farm now: ~ same as ATLAS /CMS
- Run 3 factor 30 increase!

* Signal dominated:
We need to select the right signal to reduce data rate

 Hence, we need to reconstruct the full event in real time
— Real time calibration and fast reconstruction
— CPU growth???
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LHCb: Turbo stream

Turbo stream: Run 2 numbers:
more rate, less detail
no offline recalibration | —
keep only subset of objects Full stream
. Turbo stream 10 kHz: ~70kB per event
(event size: ) 25 kHz: ~5kB perevent  — 700 Mbls output rate
24h turnaround in analysis — 12.5 Mb/s output rate I

Offline
reconstruction
Full stream:

fewer but more precise events

can reprocess offline .
keep full event

(event size: )

Turbo Stream: 20% of the trigger at 2% of the cost

Physics cases: signal dominated channels
(charm, strange but also hard to select channel like T=>uuu)
24. January 2017 Johannes Albrecht 14/13 5465



~ HGbdamiRw3z

Charm production at 13TeV

« Proof of principle done in 2015: Submitted to JHEP
two paper published on turbo stream o | |

— Charm cross section at 13 TeV sop L Lico

— Jhp and b cross section at 13 TeV

S Vi=13TeV

100 -

Candidates / (1 MeV/c?)

 Extremely fast turnaround ol

— Analysis presented 1 week after data ,, .
i P500 1850 1900 |
taking m(K~7*) [MeV/c?]

» Extremely pure signals in real time!

* Interesting to compare with the ALICE strategy of keeping lossy compressed
RAW

* LHCDb plan to keep full RAW for the most interesting events; compressed RAW
for others and no RAW at all for others

* No longer limited to binary decisions about RAW data




One slide on physics

LHCb: proof-of-principle inclusive trigger for Run 3
(smart trigger utilizing BDT)
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- Full software trigger allows a factor 4 in efficiency for

hadronic modes

- @high output bandwidth or partial event saving LHCb-PUB-2014-031
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