Iracking, alignment and
avor-tagging performance in

ATLAS and CMS

e
g q"‘ws.[
M
2 =

AR B BT O
R ot ot PP S

e,

||| ||I s
38,
"
Y- <
i ‘
13
S
0 RN 1 TTLT T I
— —
(R 5
$
& : . Liog u

May 25-30, 2020 \ @) VyeRsITAT
(IN2P3/CNRS, IRFU/CEA) e g

CSIC

CONSEJO SUPERIOR DE INVESTIGACIONES CIENTIFICAS

3

7h % VNIVERSITAT

N

Topics:
Standard Model and Beyond, Higgs Boson, Flavour, Heavy-lons

TAOR

1

s

//

\

1A

VALENCIA

|



é VNIVERSITAT

€% D VALENCIA

&

NN
> G
L%

g
%

Introduction

CONSEJO SUPERIOR DE INVESTIGACIONES CIENTIFICAS

-+ A good performance of the trackers is a key ingredient of the success of the physics program
 An accurate determination of the charged particles properties is necessary for

e  Momentum & impact parameter > 10? p——— 34Tk (13 TeV, 2018)
 Invariant masses have to be determined with precision 5 1011; gﬁ:inary oy e e é
« Secondary vertices must be fully reconstructed: evaluate short lifetimes 2 gL w 3
« Others: Kink reconstruction, despairing tracks... 2 109; PO g e ves E
- Challenges for the tracking systems of the LHC detectors ° :
« Momenta of particles ranging from MeV to TeV o E
« High multiplicity of charged particles (up to 1000 for & - 1034cm-2s-1) e E
» Even higher for heavy ion collisions 10° LINK TO EXTRA INFO :
 Large background from secondary activities of the particles | N Y
« Multiple Coulomb Scattering in detector frames, supports, cables, pipes. 1 W+ invariant mas;f’éev]
« Complex modular tracking systems S RO NN D
« combining different detecting technologies, different resolutions R N RN s
» Varying detector resolutions SR e AIF!T@NST
 Radius, polar angle (6) or pseudorapidity (n)
« Very high event rates

 |arge amount of data with demanding high requirements of:
« CPU and storage
 Tracking CPU budget

= ~ Z-p+p— eventwith 65 collisions *pi‘i‘l‘fé;‘qp ~

25/05/2020 2


https://twiki.cern.ch/twiki/bin/view/CMSPublic/HLTDiMuon2017and2018
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- Outgoing particles leave different signatures in various sub-detectors

« Muons:
« Combined track in inner tracker and muon spectrometer

 Electrons:
« Bremstrahlung corrected tracking and EM calorimeter deposit

 Tracks in jets
e Reconstructed in the inner tracker (EM/HAD calorimeter deposits
 High density of tracks
 flavour tagging and hadronic taus identification

» Photons: |
 No tracking 5L

| | Silicom
« But track reconstruction for y conversions Trackar

CMS | Callerimeter Superconducting o
| \ Selenoid Iron return yoke interspersed
/ \

\

with muoen chambers

&

Muon Electron

Charged hadron (e.g. pion)

- ==+ Neutral hadron (e.g. neutron) --==-Photon
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+  ATLAS: Inner Detector (ID) - The CMS tracker has a Inl <3 coverage
¢ |n| < 2.5 & 2 T solenoid field e All silicon: |n| < 2.5 & 3.8 T solenoid field

[FIC

\Y/

« Pixel and IBL  Pixel (replaced in 2017. Phase 1)
e 17444280 modules 4 barrel layers & 3 end-cap disks
« strips: SCT (double sided) e 1856 modules & 124M channels
4088 modules o Strips
« Gas drift tubes: TRT (30 measurements) « 10 barrel layers (4 double sided) & 12 end-cap disks
Subdetector Elements Resolution  hits/track  channels i 15, 148 mOdUIeS
ATLAS S— ' R T L CMS /.
EXPERIMENT Pixels & IBL 5-12.5 | 50 umx 10 pm x 3Pixels | 92x10 n=0 n=0.5 : ' =20 |
(silicon pads) 400 pm (250 IBL)| 115 pm TiBL . . o amta -
e ST =52 T umn p— B T NEW PIXEL 2017-2018] L =
r (silicon microstrips) 12 cm (stereo) 580 pm
TRT 4 o 30 35x 10° /
(Transition Radiation) (diameter)
7 50.0 cm #
TRT< OLD PIXEL —> 2016 \ I .
Roucer 1l B field py resolution n=2.5
@1 (100) GeV, | @1 (100) GeV,
L 3 1.1 3.0 3.8 0.4 0.7 (1.5)% 90 (20)
R = 554mm e i
f R=514mm S ]'[ s | y Elzoo (T.O 0/.2 (/).4 9.6 /0.8 /1.0 /1.2 /1.4 16
serq omm %) _ SN E 1000 - 18
R=371 - B
mm - / 00 2.0
. R=299mm * g — 22
e 600 ————— 24
2.6

: — | |,
400 — = || || || I| I| || I ~58

R =122.5mm 200—: . . . . .
Pixels 4 R=88.5mm ——— 1,1, |, piye| Double sided Strips Single sided Strips 4.0
R = 50-5mm — O_‘ | | | | | | | | | | | | | | | | | | | | | | | | | | | | | n
R = 33.25mm 0 500 1000 1500 2000 2500  z [mm]
I R=0mm
= dI VI &=V VD
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Track reconstruction

From detector hits to tracks:
 Track reconstruction refers to the process of using the hits to obtain estimates for the momentum and position
parameters of the charged particles Seed generation
« CMS: Combinatorial Track Finder (CTF) Pixel, strips or mix
« Kalman filter for pattern recognition and track fitting =1 usingonly afew
* Track classification / selection is done using BDT trained for each step B (2ol hit s

o Iterative process
 initial iterations search for tracks that are easiest to find (large prt & near interaction region)
o After each iteration, hits associated with tracks are removed (reduce combinatorics) Track Finding
* Further iterations: Kalman filter
« search for more difficult classes of tracks (low-pt, or greatly displaced tracks)

Initial estimates

Extrapolation searching

for additional hits

Cellular Automaton

« Implemented to cope with the increase of luminosity Track Fitting
« triplet & quadruplet pixel track seeds Kalman filter &
« Parallelism, keep high efficiency and low fake rate smoother
o Avoid 6(n3) combinatorics Best estimate of track

 pr and interaction region parameters

« Documentation: F. Pantaleo \ Trackissiackion
X\ &\& Track quality

requirements &

compatibility with

Interaction Region

w


https://ediss.sub.uni-hamburg.de/volltexte/2018/9070/pdf/Dissertation.pdf

. 4 l

- From detector hits to tracks

Transition o

Radiation o
O O
Tracker o 4 o
—————— e
O O
) b,
e 2
&
Space Point P O
Silicon 4 "0 TRT Extension""o,,,,
Track b
Candidate
N (b %
Iy %)
' O
]
] N O
Silicon
Detectors
¥ |
®
¥e)
Seed OO
— : S o
Silicon :0 o
3 b Track ?OQ OO
Nominal ] X
. O B :E
Interaction O

Point

vertexing

= primary vertexing
= conversion and V0 search

standalone TRT

= unused TRT segments

ambiguity solution
= precise fit and selection
= TRT seeded tracks

TRT seeded finder

= from TRT into SCT+Pixels
= combinatorial finder

pre-precessing

= Pixel+SCT clustering
= TRT drift circle formation
= space points formation

TRT segment finder

= on remaining drift circles
= uses Hough transform
Markus Elsing
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ATLAS NewTracking Software Chain

combinatorial
track finder

= jterative:
1. Pixel seeds
2. Pixel+SCT seeds
3. SCT seeds
= restricted to roads
= bookkeeping to avoid
duplicate candidates

ambiguity solution
= precise least square fit
with full geometry
= selection of best silicon
tracks using:
1. hit content, holes
2. number of shared hits
3. fit quality...

extension into TRT

= progressive finder
= refit of track and selection
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§25 S N’E\
. . 20 :
- The precise knowledge of the material traversed by the BPIX detector et S
particles is a key ingredient for a performant (precise) track N ]
reconstruction o deer 2 :
« The material affects the reconstruction of tracks through multiple :{pﬁ": ; B
scattering, energy loss, electron bremsstrahlung, photon cupport e, :
conversions, and nuclear interactions BPIX dotecor ;O 10
- Previous material knowledge from the detector design aPiX dotoctor 157
« Components & composition layer 1,2, and 320, 1
: : BPIX detector il
* Location of detector & ancillary elements ner shield .~ 2o Joe e e e 10 e s0 e

TIB detector X (cm)
layer 1

« Beam pipe & supporting structures
« Readout electronics
« HYV, LV cablesCooling pipes, etc

Beam pipe

ATLAS

Data \5_13Tev (2015) |z| < 400 mm 10
- Secondary interactions help to map the material E T :
« Hadronic interactions = P £
o 20| LD
e Photon conversions E’ 1002
o}
_20 10"
(A i 10

EQUQEU!U S Vertex x [mm]



Recover performance with a NN approach
separate clusters originating from single and multiple particles and to estimate hit positions within clusters

—

charged particle charged

particles

charged particle

- O rays

- Two close-by
tracks

- Incident angle

- charge drift
along ¢

- electron-hole
diffusion

QB

250 ym

¢: Track incident angle
¢ : Lorentz angle
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Fraction of cluster class / 0.1 mm
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Measurement using extrapolation

ATLAS Preliminary
/s =13 TeV

IBL

Tracks with single-particle-cluster:
- Data
—#- Di-jet MC

Tracks with multi-particle-cluster:

—o— Data
—&— Di-jet MC

IlllIIlIlIIIlllllllllIIIIllllllllllllllllllllll

Data / MC

0.6 0.8 1 1.0

Distance of tracks at layer [mm]
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The tracking inside jet core becomes inefficient in high transverse momentum jets
the collimated environment produces merged cluster from different tracks on the Pixel detector
Shared clusters — Separation of tracks inside jets can be smaller than pixel size
Tracks with many shared clusters — low quality & rejected

&

, normalized at 500 GeV

track

O
o

Efficiency or r

. ATLAS Preliminary

(s=13TeV,L =33fb"

rtrack (MC)

- pT-weighted efficiency

............. rtrack’ no pT resolution

] | | | | | ] | ] | | ] | ]

| | ] | ]

1000 1500 2000

Jet P [GeV]
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CMS Preliminary, pp collisions L=1.49 pb”’ at s =13 TeV, 2017
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- Tight trigger reduction rate required by the experiments

- A software trigger system requires a trade-off between the complexity of the algorithms, the
sustainable output rate, and the selection efficiency

- CMS: the tracking efficiency and fake rate are -+ ATLAS: two-stage fast tracking
measured in simulated ttbar events
« Mean number of additional interactions: 50

2018 (13 TeV)

— 2018 (13 TeV)

IIIIIII[ ! IIIIIII[ I IIIIIIII

1.01

—
N

! | |
— CMS June 2018 Condltlons . ...... ..... ................. _
u Sméw[aﬁon — ngh b, quadruplets 4 o @ L. CMS June201BCond'tlons ...... ..... ................ _
B : - * Low p-|- quadruplets | e S ImU’atIOn ......................... defauutrac'(mg ...... ................ — 1
1 B Tiiplets injets A . B

st s 080 88 8 0

Efficiency

Fake Rate
0 @O
0 ®
[N D)
[ ®
)
@

1 :::zré ------- o with-d ubletlteratn:&é g

I + Doublet recovery _
Efflclency with perfect detector

. ......

i 0.99

O
o

n ........ 5 ..... 5 ..... 098

ATLAS Preliminary
Data 2018 Vs = 13 TeV
Offline medium 1-prong taus, p. > 20 GeV

O
(o2

HLT Tracking Efficiency

cefeeecenee TS FYTP

0.97 25 GeV tau trigger

©
~

e Stage 1 fast tracking

0.96 o Stage 2 fast tracking

o
N

0O Stage 2 precision tracking

095 I I I I I L

tt events <PU> 50
| | | ' l 10—3 EREEH R EEEEH IR R R R 3 4 5 6 7 8910 20 30 40 50

_IIII|IIII|IIII|IIII|IIIEI'ﬂIIII

B 1 2 > .
. 1 10 10 offline tau track o [GeV]
simulated track n simulated track p_[GeV]
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Alignment is concerned with determining the actual geometry of the tracking system and following
its eventual changes in time

ATLAS and CMS use track based detector alignment

 Track-hit residual minimisation
e Globaly2
X =) [Fta) V' rta)]

+ MILLIPEDE and HipPy \
Vit

 Minimization — solve linear system with many degrees of freedom a g
t /

Npor X Npog matrix Npe vector

T T
dy? dr [ dr dr i
— =0 - Z — V — Z — ] V7 r=90
da da da da
Vi L _ Vi
Track parameters Real Before alignment After alignment
t={(d, zo , 0.9/P).(6,,...)} f h f n h
Alignment parameters * R /% o i
a= (Tx’ Ty’Tz’Rx’Ry’Rz)x Nstruct / A / A /
/\ A
Hit covariance matrix * m—— = L4
_ ) - / A\/\ ‘\,\ /
Ohit 1 — AR
V: " /* e /* /7&
i O-l%it n. T_, T_? / T_k
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- ATLAS Preliminary 3 8000 &
0.006 [— ‘ Data 2016, Vs =13 TeV - O
2 1\ daka” 7 7000 2
B8 ‘ ' ® Pixel vertical position every 10 minutes —
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A X ‘\ ----- LHC fill average Pixel vertical position
! Instantaneous luminosity

- Hierarchical approach:
 Proceed from large structures to individual modules
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- Detector stability and time dependent movements
 Short time scale movements and long term stability
« Prompt alignment
« Whole Run2 alignment — Legacy

“ 4000

0.003

0.002 lF

0.001

3000

2000

Relative vertical position of the Pixel [mm]

Illll'llll

1000

R

[ W G R et ] e e e R Bl e e e i ] Gk B B G Bl GG U U Gt ] o P
0 200 400 600 800 1000 1200 1400 1600

Time [min]

CMS Preliminary (2016+2017+2018 pp collisions

p —

CMS Preliminary 19 July 2017 (pp collisions)

£ 240 T T T T T znioms| | N (I R j e - | =
3. Algnment during data taking 4 =0.237 um, & = 8.486 um 6| T
< 220 End of year re-reconstruction u=0.025 um, o =2.134 um | |
O' 200 Legacy reprocessing u=0.011um, o =1.064 um = 5 5 5 ]
P ‘1 DMR BPIX | | L ; | a -
o 180 — —
— NA \ ]
3 160 2 LOCAL-X . R ; - —

o = 0 = e — e e e e - e o
o 1 20 E I : _3 : = = '-— = = i mm PiTe— =__
Q =. — L ol —
£ 100 = o ) B ST - —
c — —
c 80 | B ]
60 { ~4— —
40 Alfgnment duringj data taking | ]
20 —6 End-of-year re-reconstruction ]
O ol el Legacy reprocessing ]

10 -8 -6 -4 -2 0 2 4 6 8 10 _8 First run of the year | 2 | . . - . ‘ i BP | X (X)

~~~~~~~~~~~~~~~~~~~~ Pixel calibration update | IR B | B . ! ! | i | L | L

median(x'pred-x'hit)[um]

0 50 100
Processed luminosity [1/fb]
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CMS Preliminary  (2016+2017+2018 pp collisions ‘ 91 4 CMS Preliminary  (2016+2017+2018 pp collisions)
. I LI I LI I LI L I LI I L L I LI I —~ . I LI L] I rriri I LI I LI I LI I LILLEL I
= : : : : : > = : : : : :

- —=— Alignment during data-taking E - —=— Alignment during data-taking -

& 0
. We ak mod es S : . End-of- year re- reconstructlon O : —+— End-of- year re- reconstructlon
. Track based alignment has low sensitivity to = f =t
misalignments that may leave the track x2 912 _ ................................ ................................ ......................... S T h 91. _ ................................ ................................ ................................ S

almost invariant A S R T SN B I
e This may introduced biases in track L e o1 1 _ ................................ e I -

parameters — Sagitta, scale or impact L. .

p ara mete 8 bl ases 91.0 __. ................................ ................................ ................................ .................. o __ 91.0 __ -
« dedicated alignment campaigns SR T T T A A -
« Validate with Z and J /LlJ - +|J — = /p 90.9 :_llll ...... ' ...... I I ...... ” ..... II ..... I ...... I ' ...... I I ...... ” ..... II ..... I ...... I ..... I I ..... l ..... I ..... | IZI I: > MU H\flul _l - l ..... I ” _____ l _____ I ______ |l _____ I ...... I ..... l II _____ l _____ I ______ II _____ I ...... I ..... I I ..... |”“ _____ I_:

« Example: sagitta biases 3 =2 -1 0o 1 2 3 3 =2 4 0 1 2 3
0 0

W+ u-

N—

p' =p (1 +q pr Ssagitta)”

"0 A Al bl A LR
B o K LTELE
b Kl B e R T 5
b bl o ol Ml G BRI
Ml ORI
B bl b b S L
o i b LT

ATLAS Preliminary

Local x residual [i m]

sl
M
b b i LIRS
A B B L

- Detailed evaluation of sensors shape i qunnﬁ

« e.g. ATLAS IBL modules
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|dentification of jets containln%b or c hadrons is crucial for
physics analysis (Higgs, top, SUSY..

Flavour-tagging relies on a variety of track related
observables

« Impact parameter, secondary vertices, Particle ID (muons), jets, ...

« Use Machine Learning techniques to combine them into a single
classifier
 High Level Taggers

 Algorithms and techniques are in constant evolution ] (f \
« Also the output classifiers arge ycr trew mm
Larger number of charged particles

Leptonic decays (b = uX 20%)

Properties of jets containing b hadrons:
High mass (5 GeV)
Long lifetime (1.5 ps)

CW\\S@ | |
\\ \ Inputs ngh level variables iHigh + low level variables
Network - NNbased & DNNbased
______________________________________________________________________________________________________________________ Dense . CNN=>RNN=>Dense
_________ Output :  b,other . ~~ bel .....bbblepbclg
Tagger | CSV DeepCSV DeepJet
[Courtesy of Xavier Coubez] 2015 2016 2017 2018 2019 g

[Disclaimer: this is an example of CMS flavour tagger evolution. ATLAS flavour tagging also evolved with time]
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AK4 taggers >.. 1 U T | { | S OO | L T T T | U O | OO IO I | | SN O | L] | O | Iﬁ
: .................................. i A',r,‘
. = K \ R Sl TIATIONN - ) YUY L P/
[Courtesy of Xavier Coubez] 5 CMS Simulation rreiiminary S/l
e e e e e e e e et e e e e e © T - P .
. _8 it events S
. 4 . ':;," /;
|y e A T S AK4jets (p_> 30 GeV) A S
g Data P s
. (3 10’ = Muon-enriched multijet i ud;g -d ot e /
2 | o 50 <p_ <250 GeV e B — 1 — DeepFlavour phase 1 y
¥ ; El gfrom gluon splitting .(L) 1 0— : 5% o / / f
Pz = DeepCSV phase 1 N, : e : // // l/
: DeepCSV phase 0 £ 2 // / /
5 ! ’: ¥ " // // /
5 ,
E — udsg 2 / / /
= (@) L I ] S — - e ‘,' "l
S e E ; 10 o= c oot i /// 7 /
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. g 107 CMS . + Data - 4 10_3 T oo ":' fooms oot forvuod a// [ Y oo ] [ o] ]
. N eu channel, > 2 jets [ Pileup A 3 10
S 1Pk P, >20GeV - 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
: = L . .
ARCE - - b jet efficiency
: g 10 35.9 b (13 TeV, 2016)
- |_ 2') . o 1.5:_ .................. _:
= " € 10 CMS % 1aee e e tearestaereee®entes ®eyeyoyyosooeseesssesss ¢ Data
. 10 o Muon-enriched multijet | 05§ ToTETeeete TTeestttY M multijet =udsg 3 4781 (2018, 13 TeV)
: 3 S L 50<p <20Gev | 8 O S BeV © oo st : 781 (2018, 13 Te
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- [} - = — — | —
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B-jet trigger performance e o T i S
k -0 8% 6 -4 -2 0 2 4 6 8 10 ¥3 0 02 04 06 08 1 1.2
L IP2D significance .
niine -Je ee
9 Online (PF-Jet) DeepCSV



https://arxiv.org/pdf/1712.07158.pdf

;qﬁ*ri VNIVERSITAT
Flavour taggin e
g 14_' A'TL'A'; P'rel;mi'na'ry |Sin;u|'atic'm T ID|I_1 )I’C =|O_OI18I (2(')19') B 5 ] I I I |. I .| T 1 I - I. I L IDL'II fl- |=(I) (I)1I8|(2|O|1 |9)| T l:
S [ Vs=13TeV,PFlowjets, ttSim. 4 DLIrf,=0018(2019) 3] - ATLAS Preliminary Simulation ¢l !
. . © 4ok fnocﬁ:x; o <7$05/o GeV, |n| < f 5 4  DLirmuf.=0.03 (2019)_ ';:T 10t L goEG: 1/3<Tev,<l32F5IgVéJe\t/s, tt iir;.s —=: DL1rf,=0.018 (2019) _|
< T e, = 77% requiremen i - ’
H|gh Ievel taggerS IN ATLAS s : \ : @ f eV <pr eV, In<2.5 _ .. pLirmuf,=0.03 (2019) -
1.0 N RN B i
- . i i - o~ |
« MV2is a BDT based algorithm : ; 2 o i
- - 0.8 el E . . = S - =
« DL1 is a ML-based algorithm . ; £ | S :
= = 0.6 __* —_ : L \Q\ 2
e DL1r evolution using RNN : ; el S i
0.4 - - N =
« Recent developments : : ; S :
. . . . . . . 0.2+ — B \\' ]
 achieving factors of ~1000 in light jet rejection : : 10'L N 4
_I | | | | | | | | | | | | | | | | | | | | | | | i E \. E
and good performance across a much broader P 0 0 200 2% : N, G
Jet p; [GeV] — i _
pT ra n g e g 1 00 [ T | I L1 1 1 I [ T | I [ T | I L1 1 1 I L1 1 1 I L1 1 1 I ] } I
. . N
. Worklng pOIntS (e.g. Eb = 770/0) L(I,-) I I T T 1 II| I I T T 1 II| I _] 2 20 T 11 l T 11 l T 11 l T 11 l T 11 l T 11 l T 11 l T 11
. %) - ATLAS Preliminary Vs=13TeV, 139 fb" 1 o N . ]
° DOCU mentatlon : - 13_ b-jet Calibration with tt Events ] CI:I) 15 premmm— ‘/./-‘ \,\. ]
) _ ] Q - DL1r ¢, = 70 % Single Cut OP - O T T T~ \,\ -
Y - - -— f RS \_’—N——-~~———" \NN :
Performance with 2019 calibration S et neatEwprion st : S ok ~]
I Tall 1C— E . __ ——— Measured Scale Factor (total unc.) __ o b b b b b b by gy g
- Tagging efficiency, mis-tag rates... i "~ Smoothed Scale Faclor (total unc) ] 2 060 065 070 075 080 08 090 095 1.00
D - - T b-jets efficiency
H|gh level taggers E 1 1__ ] =
: QQSS (@)) 1 6 [ r 1T rr 1T 1 [T 1 1T [ T T [ T T T T [ T T T T
\ e c ~ . . o . . -
Q\i _ \\&\\\Qi‘\i&% = - ATLAS Prellmlnar —@— Online 77% operating point 7
v 1§§ §§§\§\§\§§§&§‘ g 1.4— Vs=13TeVv y —®— Online 70% operating point —
= NN NN © T . . . 7]
' L Derivations ) 533 \ §§§§§§§§§§ E ~  Data 2018 —— Online 60% operating point -
[N SRS — —¥— Online 50% operating poin —]
0.9 D \§§§ 2 1 '25 Offline b-tagging efficiency 70% __, On:ine jzi :zera:m: z:in: .
| . i ] 6 Frarenrex SEEERes
‘ FTAG algorlthm FTAG CGIIbI’GfIOH - 1 Lol 1 Lo I - - B _+__A_—k“‘—k—k+++1+k—t—k—kA—A——A——A—k—H—b—A——A—+—A——+—
1 02 1 03 ; 0.8 :_ +‘Y‘-V——V—+-'-—v—++—v—v—v—+—v—_v_-v—v-—v—_v_—v—_v__y_+_v__v_ - ¥ +
Low Ievﬁ taggers P [G eV] L>), 0.6 LR S e s S S S S U S S U o 4 _+_ ]
- - LCallbratlons on data: J ! _E) | - N
kil CD! fil g 04 \ "10 -
& () le = - HLT DOGCUMENTATION i
/‘ 0.2~ -
\ FTAG sofi’ware O_ | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
Marko Stamenkovic S 10 20 30 40 50 60 70

Mean Number of Interactions per Crossing

16



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/FTAG-2019-005/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/FTAG-2020-001/
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/BJetTriggerPublicResults#Trigger_b_tagging_hybrid_perform

Events/0.0008

CMS: new seeding for tracks in high pr jets

« Developing a Convolutional NN (CNN) DeepCore
« Goal: to improve the tracking performance by skipping the
pixel clustering

 Cellular Automaton
 Produce the track-seeds directly from the raw pixel information
of the four layers in the jet core region.

e Track Classification via DNN

Tracking Efficiency
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INSTITUT DE FISICA
CORPUSCULAR

ATLAS

Tuning of the track selection aiming to keep

efficiency high and low fake rate
Mixture Density Network (MDN) can estimate both hit
position and associated uncertainty simultaneously
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Summary

ATLAS & CMS Trackers are a key ingredient for the success of the

LHC physics program §18°?§T'ngs'ﬁr§;irﬁir1'ar'y' T e

. . 0 160 E1 7355, T - ) -

Very efficient operations of the ATLAS & CMS trackers N b fomaTen 108 —Fo E

: : : , _ o c C y WY Uncertainty -
Tracking algorithms need to provide high-quality tracks efficiently and Si20f ¢

with an efficient use of resources.
« Despite challenging conditions at the LHC in Run2

Tracking is in continuous development
 Using novel tools (NN, ML...) for conditioning the hits and the track seeds
« Tracking efficiency from simulation and data-driven techniques

Detector alignment
 Correcting short and long time scale movements
« Crosschecks to avoid/mitigate weak modes (— track parameter biases)

Flavour tagging techniques in continuous development
e Use ML techniques to combine the basic observables into classifier

Run 3 preparations to cope with higher data rates
 Pileup mitigation

Thanks to all tracking, alignment and flavour tagging teams of ATLAS =
& CMS =

Apologise for leaving some topics out 4 l { , o
25/05/2020 18
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- Efficient operation of both trackers during LHC Run 2

CMS

EXPERIMENT

Compact Muon Solenoid

Subdetector Number of Channels | Approximate Operational Fraction
Detector Active Fraction Pixels 92M 95.7%
_ | ‘ [ ‘ w2017 pp data taking (Sep) SCT Silicon Strips 6.3 M 98.6%
| W 2018 pp data taking (Nov) TRT Transition Radiation Tracker 350 k 97.2%
Strip LAr EM Calorimeter 170 k 100 %
EBEE Tile Calorimeter 5200 99.5%
8 Hadronic End-Cap LAr Calorimeter 5600 99.7%
2 e 5 e E— Forward LAr Calorimeter 3500 99.8%
ES e — AL e Trigger 2160 99.9%
Heay [E—_—_—_—_—_————— LVL1 Muon RPC Trigger 383 k 100%
HB e LVL1 Muon TGC Trigger 320 k 99.9%
3 e e s e Y MDT Muon Drift Tubes 357 k 99.7%
] s s B B CSC Cathode Strip Chambers 31 k 93.0%
HO o mm—— RPC Barrel Muon Chambers 383 k 93.3%
5 o e s B B e TGC End-Cap Muon Chambers 320 k 98.9%
RPC o ALFA 10 k 99.9%
CSC -_——....... AFP 430 k 97.0%
GEMslicetest M
i Fractions (%) Inner Tracker Calorimeters Muon Spectrometer Magnets
‘ Pixel SCT  TRT LAr Tle  MDT RPC  CSC TGC  Solenoid  Toroid
99.5 99.9 997  99.6 99.7  99.8 996 100 100 99.8 98.8
Good for physics: 95.6% (139 fb1)




