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TISTOS for trigger efficiencies sweri= 7

.

. In principle, efficiencies should be as simple as gTTrI’i‘; = Nyyig /Nay

Data driven trigger efficiency determination at LHCb LHCb-PUB-2014-039
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+ In principle, efficiencies should be as simple as &7,;,” = Ntrig /Nay

* In practice, our data has no “truth” information:

— How can we calculate a trigger efficiency? We’ll need some categories...

Events

Data driven trigger efficiency determination at LHCb LHCb-PUB-2014-039
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TISTOS for trigger efficiencies

.

. In principle, efficiencies should be as simple as gTTrI’i‘; = Nyyig /Nay

* In practice, our data has no “truth” information:
— How can we calculate a trigger efficiency? We’ll need some categories...

Events

“Triggered on signal” events

70% of all hits In common with hits of
signal candidate
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TISTOS for trigger efficiencies  sww= T
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. In principle, efficiencies should be as simple as gTT;’i‘éé = Nyyig /Nay

* In practice, our data has no “truth” information:
— How can we calculate a trigger efficiency? We’ll need some categories...

Events
“Triggered signal” events “Triggered on signal” events
Any candidate has < 1% of hits in common /0% of all hits in common with hits of

with hits of signal candidate signal candidate
Data driven trigger efficiency determination at LHCb LHCb-PUB-2014-039
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TISTOS for trigger efficiencies

 From the TISTOS categories, define tag-and-probe efficiencies:

. o N; TISTOS . o N: TISTOS
TOS|TIS — TIS|TOS —
Nt1s Ntos
(ETog IN the TIS subsample) (€115 IN the TOS subsample)

* But these only cover the tagged subsample...
» Assuming TIS efficiency (e11g1T0s) identical for any subsample (e11g = é11g105), define a
more general trigger efficiency (across all events):

N Tng. NTISTOS

8Trig. =
Ntis  Ntos

* But does the assumption above hold? Need to account for TIS-TOS correlation
Data driven trigger efficiency determination at LHCb LHCb-PUB-2014-039
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TISTOS for trigger efficiencies ~ smwawve {1
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e Correlation between TIS and TOS from
correlation of signal and “rest of event”
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Trigger efficiencies in 2024 smartier T J
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* Evaluate HLT1 efficiencies in LHCb 2024 data and compare to Run 2 LOxHLT1 efficiencies
* Consider 4 different categories of decays:

. Dimuon b decay: B™ — J/y (//t_l_//t_) K" and B — J/w (/ﬁ,u_) K™ (K+7r_)
. Dielectron b decay: BT — J/l//(€+€_) Kt and B — ]/1//(6 e ) K™ (K’]t )
. Hadronic » decay: Bt — D (K+77_) 7t and BY - D~ (K’ir 71'_> a

» Hadronic ¢ decay: DY - K=zt and Dt - Kzt n’
» 2024 efficiencies calculated in bins of top-level composite p+

* Run 2 efficiencies sourced from Run 2 trigger performance paper, JINST 14 (2019) P04013

» LO trigger lines chosen based on category, e.g., LOAHadron for hadronic decays
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Dielectron b decays
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TriggerCalib

* Previously, calculations implemented in each
analysis; developed tool to centralise this

« TriggerCalib calculates ETOS|TIS? ETIS|TOS: ETrig.

* PyPl package: pip install triggercalib
» Efficiencies calculated in 1D or 2D binning

* Signal isolated by sideband subtraction/fit-
and-count (fit in each bin)/sWeights (see right)

e Support for fitting with both RooFit and zFit
* Intended for Run 3, applicable to Runs 1 & 2

* Tool is analysis ready, with first users already
implementing into analysis workflows

Jamie Gooding
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Conclusion smartrer T
* TISTOS method provides data-driven approach to trigger efficiency calculations

» Successfully validated on Run 3 MC simulation

 HLT1 efficiencies in 2024 data demonstrate significant improvement against Run 2 through
removal of LO (LHCb-FIGURE-2024-030)

* Notable gains at low p+in hadronic and dielectron decays — plenty of physics for Run 3

* TriggerCalib developed as a one-stop-shop for TISTOS calculations

* Under development, though ready for analysis and already being adopted within LHCb

Thank you for your attention

Any questions?

Jamie Gooding Data-driven efficiencies of the LHCb High Level Trigger in Run 3  Track 2, CHEP 2024, Krakow 227 October 2024 13


https://cds.cern.ch/record/2912743/

SMART




\ /

The LHCb experiment in Run 3  swerer 17 (5§84

\

SCIENCE AND INDUSTRY /

Side View ECAL HCAL M4 M35
M3

SciFi  RICH2 M2

Tracker

 : ‘-ﬁ‘/jir‘ : 11 5

£

\
N 4 w
s T1

upgrade
Framework TDR for the LHCb Upgrade LHCb-TDR-12

Jamie Gooding Data-driven efficiencies of the LHCb High Level Trigger in Run 3  Track 2, CHEP 2024, Krakow 227 October 2024 15


https://cds.cern.ch/record/1443882

\ /

The LHCb experiment in Run 3  swerer 17 (5§84

SCIENCE AND INDUSTRY /

\

Tracking

Side View ECAL HCAL

M4 Mo

M3
SciFi | RICH2 M2

Tracker

Y

&ﬁ\\*a
=
\
\

---------------
,,,,,,,

NN

\

AN

i
A\

e o~ |
o _— ‘_\":'L!“'
O we =00 W
it
|I M
nd o (AR
”~
7
-

e — \
& \
"l' : \‘\ \ |sl
’ - —= al \\\,‘ ‘\.\'::::?.
~— N N\
, MY \ :
. = o = \ ;‘\\*% ------- .- = \‘.\ .
/ / ) |
/’ / / / / \ l" ‘\\ .\\
,/ / |
/ /‘/ / ' %
/ ./'/ // — \ \‘\\
I 1 ] \
VAR AS— _ O O . \
/ //‘ : \

|
S

]
)
]
24
5
>
=
|3
—

upgrade

Framework TDR for the LHCb Upgrade LHCb-TDR-12
Data-driven efficiencies of the LHCb High Level Trigger in Run 3  Track 2, CHEP 2024, Krakow

Jamie Gooding 22 October 2024 15


https://cds.cern.ch/record/1443882

\ /

The LHCb experiment in Run 3  sweree 11 (6%

NNNNNNNNNNNNNNNNNN /

Tracking '

Side View

ECAL HCAL

SciFi

Tracker

Particle

m o o ®
ldentification

h/

ﬂ/

\ L 1)

--------------

)

\

i \\\‘\\\\K\x\&\\\‘
AN

[—

LUl
ALY
4‘4 u Ut
UL
,ll |
e
S Y
|||\II \
(LA )
— l‘“.l.lnln i\
e — L

NEA
22! i 1
-~ |
\f |
|
| l-" - |
s -
(A == - - |
I |
|| | 10} N W \ |
L il

C
=4

I : \ I';'l ,li:'ll;ellt
!' nd - { 'l\.'.‘u'.'ﬁn

Jo—

b

—~

I}Il‘ | ‘ m

nm' 4.'
Il'IIII I
‘“"Ih“ i

T —

|

——

] N
RN I S T i ‘ §§
/ L /5 | =
/ / / / (jﬁ //,; o , | | B -
/Y o) | |
= (] T
A '

upgrade
Framework TDR for the LHCb Upgrade LHCb-TDR-12

Jamie Gooding Data-driven efficiencies of the LHCb High Level Trigger in Run 3  Track 2, CHEP 2024, Krakow 22Md QOctober 2024 15



https://cds.cern.ch/record/1443882

Why remove the LO trigger? smartrer T

NNNNNNNNNNNNNNNNNN

o

LHCDb Trigger

Decays containing...
BTt [ Light hadrons]
A Oy [ Photons]
10 Muons
O DK [ Light hadrons ]

N
0
|

Trigger yield (Arb. unit)
o

! Run2
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The LHCb Upgrade J. Phys. Conf. 8/8 (2017) 012012
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e TIS sample

o NoBias sample

d(N)/d(p ) [Arbitrary Units]

(W)
-
b

The LHCDb trigger and its performance in 2011 JINST 8 (2013) P04022
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The LHCb Turbo event model  swasres 17

INDUSTRY

HLT2
candidate

Increasing persisted event size
Decreasing information

Raw banks: VELO RICH .o ECAL

A comprehensive real-time analysis model at the LHCb experiment JINST 14 (2019) P04006
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Offline data processing at LHCb svasre> 17 %
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Offline processing

Trigger

SPRUCING
(TRIMMING & ANALYSIS
SKIMMING) PRODUCTIONS

S50GB-10TB
/ analysis / year

15 PB / year
RTA and DPA dataflow diagrams for Run 1, Run 2, and the upgraded LHCb detector _LHCb-FIGURE-2020-016

Jamie Gooding Data-driven efficiencies of the LHCb High Level Trigger in Run 3  Track 2, CHEP 2024, Krakow 22nd QOctober 2024 19


https://cds.cern.ch/record/2730181/files/LHCb-FIGURE-2020-016.pdf

LHCDb user analysis SMA“EP 'tU VRES

Platforms oreana

................................................................................................................................................................................

.................................................................................................................................................................................

Workflow s snakemake Lltht IQW

DATA FITTING
50GB-10TB DATA NTUPLES 4/ RO OT

/ analysis / year ! R O OT

SELECTION / lmll’lLIIt CORRECTIONS/ PUBLICATION(S)
. ] WEIGHTING |

SENSITIVITY
STUDIES

ANALYSIS
PRODUCTIONS

MONTE CARLO
SIMULATION

Lists of packages are

non-exhaustive NTUPLES S ST
RTA and DPA dataflow STUDIES
diagrams for Run 1, Run 2, and
" led LHCb detector e «
Submission-based ::EEE
Distributed ............................................... .
resources Worker-based | rjdask quﬂ‘?

Dataflow diagrams for LHCb user analysis in Run 3 LHCb-FIGURE-2024-002

Jamie Gooding Data-driven efficiencies of the LHCb High Level Trigger in Run 3  Track 2, CHEP 2024, Krakow 22nd QOctober 2024 20


https://cds.cern.ch/record/2896664/files/main-2.pdf

