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Run | Trigger Overview
@ LHCDb detector read out at 1 MHz

@ Hardware trigger (LO) ~r > >

e Based on multiplicity, calorimeters and muon LO Hardware Trigger : 1 MHz
readout, high Er/Pr signatures

detectors
o Fixed latency of 4 ps et e e
e Reduces rate to 1 MHz C
@ Software trigger (HLT) [ Defer 20% to disk ]
@ Runs on HLT farm

4] 5p|lt in two Stag653 Software High Level Trigger

HLT1 and HLT2 29000 Logical CPU cores
@ 20% of events buffered to allow processing out Offline reconstruction tuned to trigger
. time constraints
Of ﬁ” Mixture of exclusive and inclusive
° Output rate 5 kHZ selection algorithms
o Total time budget O(35) ms/event 9 L/ 9

5 kHz Rate to storage
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Improvements for Run Il

@ More effectively use disk buffers

@ Make best quality PID and alignment
available to HLT
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Improvements for Run Il

LHCb 2015 Trigger Diagram

More effectively use disk buffers ]
40 MHz bunch crossing rate

~ <> b

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

Make best quality PID and alignment
available to HLT

Put best-quality reconstruction in HLT2
450 kHz 400 kHz 150 kHz

Need best-quality alignment and calibration

Need data — use events accepted by HLT1

:' Software High Level Trigger

Partial event reconstruction, select
displaced tracks/vertices and dimuons

LHCb Preliminary 180
Preliminary alignment 160
o(Y) ~92 MeV

LHCb Preliminary
Final alignment Buffer events to disk, perform online
8 detector calibration and alignment
o(Y) ~ 49 MeV

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

C 12.5 kHz Rate to storage
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Alignment Controls

@ A master process steers the iterations Offline

@ O(1800) worker processes

@ Once a sufficient number of suitable events et configure (initialise),
has been collected, an alignment starts ~2 min

@ An initial set of constants is calculated

@ Workers process their events with the Ready done chslljelg
given constants and make their results
available &

.. . start é@ stop

@ Individual results are combined &N

@ A new set of constants is calculated

@ lterate until converged, O(5) min. Running Paused
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Alignment Controls

(% O incoa: Top <guioz>

| System State Auto Pilot Fri 05-Aug-2016  20:1209
Y e —— o - w

@ A master process steers the iterations

Sub-System State Run Info

Runinto v Run Number(s): Activity:
@ O(1800) worker processes | . T e
Run Start Time: Trigger Config:
o . ity woratiocated -| | | [osAug2016 19530:  [PassThrougn l|iviews
@ Once a sufficient number of suitable events
has been collected, an alignment starts Name " asavoatgnmend

@ An initial set of constants is calculated

@ Workers process their events with the e vt et |
. . ML s NG |
given constants and make their results rocesnc— |
. iskUsagesoxe 12| Fam Node status: @
available
LHCbA Elog Run DB

@ Individual results are combined
@ A new set of constants is calculated

@ lterate until converged, O(5) min.

[05.au9-201620.0101 =
05.au0-2016200101
05-Aug-201620.01.01 - Lk | _Close
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LHCb Vertex Locator

VELO

Primary vertices
Impact parameter
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http://dx.doi.org/10.1088/1748-0221/3/08/S08005

Velo Alignment

@ Once stable beams are declared,
the LHCb Vertex Locator detector
moves 30 mm closer to the beams.

@ The Velo halves are aligned shortly
(10 min) afterwards.

@ An improved alignment is put in
production automatically.

@ Plots are produced for the shifters
to check.

@ Further alignment of all Velo
sensors is checked regularly and
updated if needed.
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LHCb Tracker
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http://dx.doi.org/10.1088/1748-0221/3/08/S08005

Tracker Alignment

@ Once the Velo alignment has completed, the tracker

alignment is performed automatically

@ A sample of tracks from 100 k
D® — K " decays selected by
HLT1 is used.

@ An improved alignment is put in
production automatically.

@ Plots are produced for the shifters
to check.
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Outer Tracker Calibration

X0t 7
f_: 185 | yeb ot E
@ The LHCb Outer Tracker consists of 55 k, 4.9 mm S 12: :
diameter, gas-filled straws. E }3: Do :
@ Measured time consists of E 2: : .'._ :
o Particle time-of-flight 4 s kY E
o Drift-time x S ‘ N
e Signal propagation time 20 00 0. 10 [n52]0
o for = o+t
@ The global offset with respect to the % 04 . R ;ﬁgfﬁd‘eg
LHC clock, t,, varies during the year < 02 oL :
and is calibrated run by run. 0 gzt\ﬁ%%% ----- s@\ﬁ%f%&&gx%%
@ The per front-end offsets are 02 ) ¢
calibrated a few times per year. o4 o
LHCb OT Preliminary 23/4/2016 - 4/6/2016
0 2(‘)0 4(‘)0 6(‘)0

Run number [a.u.]
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LHCb Muon Detector 2008 JINST 35

MUONS
y Trigger and PID
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http://dx.doi.org/10.1088/1748-0221/3/08/S08005

Muon Alignment

@ The muon station alignment runs after completion

of the tracker alignment.

@ A sample of tracks from 250 k events containing
J/Y — pTp decays selected by HLT1 is used.

@ Due to the relatively large size of the muon
detector pads, the muon alignment is most
important to the muon-based LO triggers.
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LHCb RICH Detectors

RICHES
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RICH Mirror Alignment

= 03 -
@ Mirror tilts result in shift of Cherenkov rings with ‘goz, LHCb RICH : E%%Mf
respect to the tracks they belong to g0 Pelmnay E

@ RICH1 and RICH2 primary and secondary mirror ;j 0?; O CL 7
planes consist of many mirrors, aligned in pairs I LA S &

@ Mirror tilts are obtained by minimising A6 02* I *
_0.30L L 1L

@ 1092 constants in total 7 s 10

Alignment number

'g 0.003, = 03 ‘
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RICH Mirror Alignment

= 03 -
@ Mirror tilts result in shift of Cherenkov rings with ‘goz, LHCb RICH : E%%Mf
respect to the tracks they belong to g0 Pelmnay E

@ RICH1 and RICH2 primary and secondary mirror ;j 0?; O CL 7
planes consist of many mirrors, aligned in pairs I LA S &

@ Mirror tilts are obtained by minimising A6 02* I *
_0.30L L 1L

@ 1092 constants in total 7 s 10

Alignment number

5 0.003
o = 03T T ]
& g F 1
s iozi— LHCb RICH E
'*3 _5 F Preliminary 3
) T 1
§ 5 r s 33
£ o R 1
= igfzé;;x.iazﬂiﬁi;“*
= @ Hf R RERRRRRRRE
0. ]
—02F =
C 24/05/2016 - 20/06/2016 |
0. C1 L L L1
0 5 10 15

Alignment number

Roel Aaij (CERN) ICHEP 2016 August 5th 2016 13



RICH Calibration

@ Data available O(5) minutes after collection of data

@ Refractive index calibration is obtained from a fit to the
distribution of AO = 6_._. — 6

reco exp
@ HPD image centres are obtained from a fit to individual HPD
images after edge finding with a Sobel filter.

LHCb preliminary
RICH2 real-time Cherenkov resolution before calibrations
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RICH Calibration

@ Data available O(5) minutes after collection of data

@ Refractive index calibration is obtained from a fit to the
distribution of AG@ = 6 0

reco  Yexp
@ HPD image centres are obtained from a fit to individual HPD
images after edge finding with a Sobel filter.
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@ Run Il HLT reoptimised to allow buffering after HLT1
@ Best quality alighment and calibrations available to HLT

@ All alignment and calibration procedures fully commissioned
and running automatically from 2016’s start of data taking

@ Alignment and calibration quality stable for all sub-detectors
@ Complete best-quality reconstruction available online

@ Improves purity of HLT selections and enables physics analysis on HLT output,
see talk by B. Sciascia on Turbo stream
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