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Hadronic Calibration Workshop

* Annual workshop of the Jet/ETmiss group and related activities

* Format:
— Contributions submitted to each session by physics and CP groups throughout ATLAS
— Summarised in presentations by session conveners in order to generate debate
— Trigger sessions since 2014 - was instrumental in jet trigger strategy for early Run 2
— This year convened by Ben Carlson, Kenji Hamano, RG
— Always a lively and interesting workshop!

e This yearin Tucson, Arizona:
— 231 contributions
— 149 items to follow up on (Jet/MET conveners)
— 84 participants
— 37.5 hours of talks
— 12 hours of coffee break and lunch chats g
— Stargazing session with local astronomer |
Great karaoke session! © ‘
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THE JET AND
MET TRIGGERS
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Jet and MET are not usual triggers

proton -
Parton je E/ U E—

Parficle jet Track jet

proton

Calorimeter jet

* Usual game is to trigger on distinctive objects
 E.g. electron trigger: play with identification selection to improve purity

 Jetand MET are different:

 MET needs all reconstructed objects
* Jets are defined by jet algorithm - extended objects which depend on QCD

e All events have jets and MET # 0: cut on phase-space (resolution is essential!)
 Then clean up false positives: pileup jets, fake MET
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Effect of Resolution

Emulate j150

Offline spectrum with trigger

Jet selection based on & )
phase space cuts 600: s
Resolution is essentiall - TN
Resolution is wrt oF =
offline o 1"
400E —o.2
O e — :08

3
lead jet p_

Plots from Will Kalderon:Jet trigger overview in HCW2018
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JET / MET
INPUT OBJECTS




[tan 6] x sin ¢

Basic objects: TopoClusters

ATLAS simulation 2010
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* Seed cells with large
10° energy / noise: E/n >4
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tan 6] x cos ¢ See talk by Dilia Maria Quintero
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Cell time [ns]

Pileup suppression of Jet/MET inputs

* Cluster/cell timing cuts and other methods being investigated to
suppress pileup at the input level

e Some features still not understood:

— Improvement for central jets (Constit.Subtraction+SoftKiller) seems
reversed at high n

— Improvements also reversed for Pflow jets

e But potential gains in pileup stability and energy resolution,
especially at low-p;
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Particle Flow
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— Charged particles only 0.02-, = E
— Better angular resolution R TV T R T T 5 T 1 o
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— Better efficiency and momentum = OSEATLAS Simulation o Particle Flow Jets ((1)~24)]
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Eur. Phys. J. C77 (2017) 466

Particle Flow Objects

Seledted
Trdck
Select Tracks

Match Track

to Cluster

Compute E/p

A

Clusters

Cell
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Removal
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Clusters

UnmaTchedl

Add Clusters

......... Modified
Clusters

_________ ; Compute E/p
Matched
Clusters
nchanged
Unmatched Clusters

Clusters

* Subtract calorimeter energy deposits that match an extrapolated track
— Main thing is to avoid double counting of energy in tracks and clusters
— At the end we have: tracks (charged particles), remaining clusters (neutrals)

Ricardo Gongalo (UC/LIP)

TileBarl

TileBar‘O.

'--

~EMB3
EMB2

EMBI

PreSamplerB

TGM13/11/2019

TileBarl TileBarl
r ------------------ -. r------------------.l
1 . 1 .
1 TlleBarO: ' TlleBarCﬁl
1 1
nsssaaan : ! .
'-----. h‘._r‘;-EMBz '-----. :-EMEz
: ! EMB2 E ! EMB2
1 1
'.. - - '
[ T
! : EMB1
1
S =™ PreSamplerB
+
T

See talk by Di:Iia Maria Quinter®’




00000

71 Unified Flow Objects (UFOs)

UFO merges PFO and TCC inputs, aiming to obtain a better and moi
stable performance in a wide pT range.

Is PU2 Discard
Tracks Is used for PFO2 Don't use twice
Is HS2

Associated clusters go

to TCC algorithm.
Neutral Py »| Weights using PVO
tfracks
Y
Track in N
Charged PF&/ Dense environment?2

With
CHS and CSSK

See talk by Dilia Maria Quintero
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7% Unified Flow Objects (UFOs)

* PFlow already default for small-R jets

 Good UFO performance for large-R jets
— UFOs will be default for substructure/large-R jets
— Less relevant on short term for small-R

* Need to understand performance to decide on uses in trigger
— See talk by TJ in Jet Trigger meeting
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Offline

* MET signicance is increasingly used and working well

Overlap removal in MET: Electron/photon/jet
ambiguity resolution lead to improvements
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Trigger vs Offline MET

e Offline: object-based algorithm using: e*, y, 4, T and jets + Soft Term
e Trigger: use calo cells, TopoClusters, Jets

* 3 basic algorithms x pileup mitigation methods
— 9 algorithms are being considered for Run3

Base Track based pileup | Non-track based pileup
mltlgatlon mitigation

cell cell cell n/a

n/a cellPufit cell n/a pufit

tc_lcw tc topoclusters  n/a n/a

pufit tcPufit topoclusters n/a pufit

n/a tcPufitCVF topoclusters CVF pufit

trktc tcVSSK topoclusters (CVF) - no need? Voronoi Subtraction,

SoftKiller

mht mht jets n/a n/a

n/a mhtPufit jets JVT (or RpT) pufit

trkmht mhtTST jets JVT, Track Soft Term n/a

PFlow object (PFO) based algorithm?
RicardoRed:aMlain) Blue: Support, Green: Expatimental019 See talk by Kenji Hamano




Trigger
Algorithm Combination for Run3

* This is based on Run2 algorithms.
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- ATLAS Internal \! ‘\. : —
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* Combination of cell + pufit + trkmht gives the best performance.
* Need to redo the study based on Run3 algorithms.
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JET TRIGGER

e CALIBRATION




Ingredients of jet calibration

tart with offline
Pileup Jet area Remove contributions from
subtraction Residual pileup

calibration
Restore hadronic energy U S e t ra C kS
e v { whenever possible
Correction _ gluon) dependence
: : o Corrects detector effects F rom 2 O 1 7 . use d

— tracking in jet
In-situ JES correction alorimeter response .
o oa for b
tagging chains
- B

Ricardo Gongalo (UC/LIP) TGM13/11/2019 18



ldeal World

e Full-scan tracking at the HLT would mean:
« No complicated Rol-based tracking “
— All triggers would have trackmg, not just b chalns

* PFlow available for all thresholds a
— Better match with offllnetjets D 'g “
— Less rate wasted with mlgratlons from below the threshold

e Pileup suppression with JVT OO |
— Less rate wasted from pileup effects “hory L
* Latest developments in Jiri’s talk last week

% See Ben's contribution in HCW2019




Residual pileup subtraction

pr = proo — p XA - ex-Npy—DH—B>4

3D correction -<pT(area)-pTtrue>(eta,ptNpv,mu) + <pT(area)-pTtrue>(eta,pmn

* Modeling of pT

distribution is arbitrary.

* Uncertainty on the
modeling
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JET TRIGGER
PERFORMANCE
N RUN 2




2017 Performance
See ATL_.DAQ_PUB_2018_002

Single-jet trigger with different

calibrations
— 2016 calibration

— 2017 calorimeter-only calibration
— 2017 calibration plus GSC and in-

situ corrections
Better jet resolution!

HLT large-R single-jet triggers
— Inl< 2.0
— jet mass > 50 GeV

Ricardo Gongalo (UC/LIP)

TGM13/11/

1.2

1

0.8

0.6

Per-event trigger efficiency

0.4

0.2

III|IIIIIII|III|III|III

T T T | T T T | T T T | T T
ATLAS Preliminary

T T | T T T | T
Data 2017, Vs = 1

T T | T T T _l
3TeV,21.9f07"

O @ . i

oO. 3 |

° _

¢ = ]

g D‘ﬁj Offline selection: ]

2 & >1 jet with m|<2.8 _
LI _

° _
.OEE HLT, p, > 450 GeV ]
.ﬁ O 2016 calibration ]
o ° 2017 calib., calorimeter only —
i O 2017 calib., with tracks .
L 1

54

80400 420 440 460 480 500 520 540

Leading offline jet P, [GeV]

5 1 _2 B T | T T T T | T T T T | T T T T | T T T T | T T T T ]

5 - ATLAS Preliminary Data 2017, s = 13 TeV -

© B - - ]

o] L ]

S 0.8 —

= B w ¢ Offline selection: i

g - >1 jet with mass > 50 GeV, n| <2 .

© 0.6 . —
) - anti-k, R=1.0

Si_) C trimming: f_, = 0.05, R, = 0.2 ]

0.4 —

- & -

B - ® HLT:1jet p_> 420 GeV ]

02 v HLT: 1 jet p_ > 390 GeV, mass > 30 GeV —

B ¥ e ]

0 __.*?_%_Mﬂ-.-l [ PR A S S A RO S S R R Ll ]

5 400 450 500 550 600
2019 Leading large-R trimmed offline jet pTz[@eV]



Latest updates

T II|IIIIIIIII|III|III|III|I—
ATLAS Internal Data ’16,’17 and '18, Vs =13 TeV |

o O;g@g@wzwwv?ﬁmﬁfﬁ%

Preliminary plots
— Work in progress; not full stats
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Lowest unprescaled single jet S o6 T E
turn-on s i :
2016 data gf ? HLT: E; > 420/360 GeV |

O HLT_j380 (HLT_j260), Data 16
O HLT_j420 (HLT_j360), Data 17
o HLTJ420 (HLT_]360) Data 18

NOTE: your latest calibration

doesn’t exist when trigger is 1111 |
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2017 and 208 Leading offline jet p_ [GeV]

— Updated JES
— Added GSC . é data17 (many runs)
— Added in-situ correction 2 #%H 69% “useful’
Impact of HLT calibration: 1500
(shaded: >99% efficiency) . itlock Etou Parpertaguls ST
Efficiency increased from 51% {
(2015) to 69% e
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EMTopo trigger jets
plotted vs offline
EMTopo or Pflow

— Note: x-axis is either
EMTopo or PFlow

For completeness:
forward jets

Ricardo Gongalo (UC/LIP)
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" B-H Green 1 has been destroged.
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Software for Run 3

Replacing JetRecTool with new, simpler JetAlgorithm
— To replace JetRecTool’s convoluted internal logic and use

— Run a lJetProvider (new interface) to either build jets or grab existing
ones.

— Run all lJetModifiers (existing interface), including moment calculation,
calibrations, etc

Entirely new configuration system for both jets and MET

GaudiHive Scheduler

Currently have multiple
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Will harmonize this witha [
single particle flow EDM o e

class, with links to tracks hg R
an d / or C|U St ers | Modifier 1 \TModifier:GSCalibration

Modifier K l
Ricardo Gongalo (UC/LIP) TGM 13/11/,2019 See talk by Bill Balungg
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JET/ MET
IMIONITORING

AND VALIDATION




Monitoring and Validation

e Data quality monitoring for Run 3:
— New AthenaMT compatible monitoring
framework f i S
— JetEtmiss & calo combined monitoring software e
being re-written for new framework
* Covering Jets, MET, Calo, and Pflow
— ldeas on automating monitoring with Machine
Learning
e Train on defects, T T
e Use ML to pre-label new data

MET AntiKtEMTopo

-
EES
%

Z=z=|=E ==

e e

e Validation:
— Opinion was that there is room for improvement!

— Plans/ideas, e.g. testing configs, using articial jets to cover phase space
— Plans to develop testing framework based on unit tests

* Good cross talk between offline and trigger in these areas!
See'taiks by Lee Sawyer, P-A Delsart, GalenGledhili




Conclusions

* Very interesting workshop!
* Lots going on in Jet/MET group
— Software and EDM changes
— Pileup suppression in inputs
— New calibration techniques
— DQ using machine learning
— etc

* Also very healthy interaction with
trigger

i\ m TGM 13/11/2019 59
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Tracks in the jet
trigger(*)

(*) In an FTK-less world
/2019 31




Offline-match efficiency

FTK vs FTF comparison

Took 21.3 AOD sample with FTF & FTK tracks (ART test)

Match tracks to offline with min deltaR cut of 0.01 HLT j15 81%
— Good enough, no overlaps

H 0,
Applied 500 MeV pT cut and TightPrimary WP HLT_J45 85%
Compare resolution and efficiency for FTF and FTK HLT_4j15 13%
(non-refit) HLT 2j45 45%
Resolution is width of Gaussian (fitted to +/- 2 sigma) HLT 4j45 76%
HLT 6j45 68%

L R R A A AR AR RARRS AR RARRA RS 5 6 09FTTTTTTTTT RRERNRARANREREN RN AR RARRNRRRE=
0.75— _’__+__+__+_ '%'_FTF _+_ _E |6_ 065— - FTF _E
06 ey ++ +f+T_ -9 = 1 FTK :
0.5 +_+_+-+-+ _+_—+-+ i++_% g o5f E
045 + + +—§ c 04F E
0.3F = 0.3 E
0.1 = = 0.1% __ﬁ_ E

OE....|.,..|....|....|..,.|....|....|.,..|....||...E 05*,:""' ,,,,,,,,,,,,,, T ]

6 1 2 3 4 5 6 7 8 9 10 b 10 20 30 40 50 60 70 80 90 100
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z0 resolution [mm]

FTK vs FTF comparison

Performance of these FTF tracks seems better than FTK benchmark
— Except resolutions at very low p;

— And have not checked fake rate

BUT: this version of FTF takes 5s/event
— Not only tracks, also need vertexing algorithm
— Goal is 1s/evt but compatible with FTK performance ; currently 5s/evt
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Tracking scenarios

First: need a better assessment of PFlow performance with HLT tracks
— Initial results from 2016, but raised questions recently

— Need to establish that the HLT PFlow gives us a significant benefit over pure calo
triggers.

Baseline procedure would be:

1.  Run HLT fast-tracking (re-optimised for speed, performance similar to FTK)
2. Run PFlow with HLT tracks & clusters

3.  Run PFlow jet-finding

Plan B (if we get decent FTF track performance but fail CPU constraints):
1.  Build jets from topoclusters for pre-filtering (no track GSC)

2.  Run HLT fast-tracking (reoptimised for speed, performance similar to FTK)
3.  Run PFlow with HLT tracks & clusters

4 Run PFlow jet-finding

Plan C (if PF still worth it but plans A and B fail CPU constraints):

1. Do tracking only in Rols around jets (a la current b-jet tracking) with low enough
thresholds to build vertices and achieve some pileup suppression



Slides by TJ in

Jet calibration

e Precision recommendations in MCJES stages, some new
methods being tried:

e 3D pileup corrections — look very good
e GenNI/ML calibration — combine MCJES with GSC
* Not certain to converge: may revert to GSC

e Different variables for JMS calibration to reduce topology-dependence

e Should we wait a bit for a decision to avoid duplicating effort
with a different method?

e Note: no guarantee that Run 2 precision == Run 3 baseline

Ricardo Gongalo (UC/LIP) TGM 13 /41 1/2019 35
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Jet tagging

 Q/G and substructure taggers at this point probably still
not baseline for trigger, unless analyses want to push
e Two ML methods for JVT trained, slight gains

* Probably insignificant rate reduction for trigger, but important in
terms of efficiency

e Have not (yet) looked at fJVT, needs lots of tracking for
limited rejection. Methods improving esp with towers

* Something to look at for 20227
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JVT (Run 1)
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Tracking

e Suggestion that fullscan tracking is irrelevant for L1_J100
and seeded HLT triggers, use regional to save CPU

 Not clear — TLA, b-tagging, other applications may want
tracks at least for lower pt jets

e Probably an optimisation to be done by menu

e FullScan is still easiest technically — needs
implementation/integration ASAP (esp PFlow)

* Solve regional problem as 2nd priority
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NEWS SUMMARY




 New unified EDM: a single particle flow EDM
class, with links to tracks and/or clusters

* Data quality monitoring:
— Automating with machine learning techniques

— Using artificial jets to cover phase space in tests

 ETC... (to be completed)



