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INTRODUCTION

® The development of Phase Il reconstruction is a work in progress task for both ATLAS and CMS.

® It will need to:
* cope with the new HL - LHC conditions (higher <PU>, higher luminosity);
« exploit the improved (extended coverage, new layers, new materials) or completely new detectors;

e fully explore the HL-LHC physics potential;
® The minimal goal is to maintain the same performance retained during Phase I.
® In this talk the focus will be on the latest updates on reconstruction (trigger and offline) for both ATLAS & CMS.

® For further details on trigger performance @ Phase Il for both ATLAS & CMS see Swagata’s talk.
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https://indico.cern.ch/event/905399/contributions/4292375/

CMS & ATLAS — Phase Il Upgrade

Improved muon system New endcap calorimeters (HGCAL) Improved muon coverage and trigger New endcap high-granularity timing detector
new RPC coverage (1.5< |n| < 2.4) high granularity new RPCs in innermost layer 30 ps/track in 2.4 < |eta| < 4.0
new MDT readout resolution of time dimension of beam spot

new electronics 4D showers

GEMupto |n| =2.8 new small wheels (already for Run 3)

New inner tracker

New precision timing detector New inner tracker
Timing resolution of 30-40 ps for MIPs all silicon tracker all silicon tracker
full coverage of [n| <3.0 track-trigger @ 40 MHz coverage to |n| <4

coverageto |n| <4
. Upgrade to trigger and DAQ
Upgrade to trigger and DAQ I_plgrate increfsged to 1 MHz
L1 rate increased to 750 kHz High Level trigger rate to High Level trigger rate to 10 kHz

7.5 kHz Track information at L1
N.B. not all the planned upgrades to the detector are listed here
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TRACKING @ ATLAS ATLPHYS-PUB-2019-014
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TRACKING @ CMS

CMS DP-2021/013
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Reconstructed hits: energ

deposit in a sensor.

1.RecHits

imeter (both hadronic & elettromagnetic) with very fine lateral and longitudinal

and precision timing capabilities. Completely new reconstruction needed.

ing calor

2D clusters (Layer Clusters): RecHits clustered on the same layer.
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High Granularity Calorimeter (HGCAL) @ CMS
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ELECTRON & PHOTONS @ CMS AL

Regression correction PU 200 (14 TeV)
T T T T T T T

Electrons and photons deposit almost all of their energy in the ECAL (barrel) or in the EM region of the HGCAL (endcap). 1

. ; CMS Preliminary HGCal electrons ;
ECAL / HGCAL clustering [ Phase-2 Simulation 10 < p5™ < 200 GeV |
Two options for ECAL/HGCAL clusterin i 1SS, <17 T
L1 seeded Unseeded . / . | e — ooy
Produce ECAL/HGCAL Produce ECAL/HGCAL = -1 W<, 9% |
=1 - — -
Full Dlgl collection Full Dlgl collection L1 SeEded or unseEded (fUH detector) % 0 E (1, o), =(1, 0:019) .
L 2<n <23 .
> B S Ml ]
- . - (1, ), =(1,0,021)
The seeded path allows a factor ~6 timing reduction: © i L
Praduce ECAL/HGCAL I . Regi | clusters/RecHits in both HGCAL & ECAL; = - 235Ny, <26 §
Regional Digi collection ‘ egionail clusters ec. Its In bo , o . (, 0),=(1,0.022)
(Keep UIgis in AR<0.35 ! e TICL seeded by L1 objects. T _ 2B, |<29
cone around L1 objects) , Sy b, o), =(1,0:024) 1
; v The same SuperClustering (SC) algorithm combines & _ig‘)lns;ﬂ;z'z‘e) ]
b4 H H » Oy =T
- . clusters in the ECAL and in HGCAL (flattened to 2D, 3D - 1
Produce Regional Produce Full RecHit . .
RecHit collection collection could be exploited in future). 10‘8 5 i 1 5
i ’ Ecorr / E ’
v After SC photons are ready. Electrons are further reco / —gen
Clustering (ECAL) Clustering (ECAL) ; ; :
LayerClustering (HGCAL) LayerClustering (HGCAL) m_atChec; t(,) pixel _dEtECtor hits and fitted (GSF). Selected - I e 4 T
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| D E u
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& —|EEl | S e :
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. . . . A2 e E Signal: Drell-Yan, W+Jets \ \ =
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h — b, 4 SuperClustering E Background: QCD i
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L1 seeded path Vs Unseeded path \ 4 0:15-5=t= Phase-2definition :
E 1 1 1 | 1 1 | I 1 | 1 | I 1 1 1 1
— > Pss 09 092 094

096 098 1
Signal Efficiency
Adriano Di Florio LHCP 2021 --- 7-12 June 2021 1



|

JET & MISSING ENERGY @ CMS e SR

The reconstruction of hadronic jets and global energy sums @CMS is studied using the particle-flow (PF) , ———
> — .. . . —
paradigm: full detector information to define particle candidates. < 0.251 A‘:("_"i FP ’,:’L’J”;’;T‘:y Phase-2 Simulation  GeN Jetp_range
L 4 t _
- m|<1.5+ o i —+30-100 GeV -
For HL-LHC conditions to retain optimal performance achieved by complementing the PF with PU- 0'2: S —t 100-300 GeV -
mitigation techniques: B S| —t—300-600 GeV -
0151 ) T - PU140 -
C > "ob ]
o CHS: removal of charged hadrons (CHs) coming from PU vertices ok Ng —PU200 -
. L \r’b il- “ i B
- ok Il_ JET response -
o PUPPI: CHS + p4-weighting of neutrals. Particle level: each particle has a weight /probability [0;1] for 0.05F s o ]
coming from the hard scattering. § i ‘LL; ]
_l 11 Ll -:'(;}JI* 111 111 R I 1 | 111 I_
02 04 06 08 1 12 1.4 16 1.8 2 22
- . . HLT Jet p_ response
CMS Preliminary Phase-2 Simulation 14 Tev CMS Preliminary Phase-2 Simulation 14 Tev T
;‘ rrrrTrrrTrT T T T T T ] ~a0 I B N B O O N S S D B O B B B W
& 1400 —— PF (Raw) —4— PF+CHS (Raw) TEe o - PF (Raw |- PricHS (Raw) ] Missing Transverse Energy (MET)
~ :—+— —}— PF+PUPPI (Type-1 ] e - ]
z € 1201 PR4PUPPI (Raw) +PUPPL(Type-T) ] Ty 8B —— PF4PUPPI (Raw) —+— PF+PUPPI (Type-1) . " _
G NET . 1 -2 ke ] - The PUPPI algorithm mitigates pile-up
resolution 4 2 & 465, o PU140 _ )
& Fo. MET response PU 2 ) effectively (CHS not helping)
] 14 —PU200
—+— = C Cne ]
SAcun e S S 1,208 . «
.:.g::.'—:-:?:: ......... (i) ........ : _ !J'.q 'Dgg:O. o " ] . . .
¢ Ty D;_g__g_ . , . - Propagating the jet energy corrections
: 'D'---D--THT.""O ----- § e - F St e = . _
] o.e%mmuﬂ_r S - to MET computations (Type-1)
—— S j— 0.6 .
e — . s 0af SM Higgs to invisible particles : o MET response — 1
300 400 500 600 100 200 300 400 500 600 o improvement in resolution
GEN p;“‘ss [GeV] GEN p™** [GeV]
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b—TAGGING @ ATLAS ATL-PHYS-PUB-2020-005

b quark jets identification (b-tagging) @ ATLAS is done with three taggers
o IP3D: (signed) impact parameter in 3D used as discriminant. Log-likelihood method per track.

o SV1 : based on Secondary Vertices reconstruction. Log-likelihood method. Uses the total invariant mass, the energy fraction, the DeltaR of PV-SV w.r.t the
jet direction and the number of tracks as variables. It is used also associated to the IP3D tagger (IP3D+SV1) summing the weights.

o MV2 : multivariate algorithm based on a BDT combines inputs from SV1 and IP3D @ jet properties (from JetFitter, not reoptimized, room for improvement)

IP3D+SV1 (b vs light) MV2(b vs light) MV2(b vs c)
g §IIVV||IIVIII!VIII!IIV\IIIVVIII!VVIIIVIIE S éll!|!ll¥lV||IVI||!V|||I‘||V|||V|V||!|V||§ C II\IlIIl\[IIIIIII\IIII\III\II\VII\III\V
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-:‘D—’. 4| Vs =14 TeV, <u>=200, it : — - 25x100 ym? O<nl<t | -SD—’- V, <u>=200,tt —— o<iyi<t ] D, 14 TeV <u> ' 3 <1
S 0% —50x50 um? <ini<2 3 = i< : E o : .
2, —\ED+SV1 ITk Layout — - 25x100 um? 1<igl< Q9 — 2<Mi<3 ] yo ! mllzg B
= F —— 50x50 um? 2<ii<3 ] E' 1 3<hi<4 7 S Inl<4
3 \- : ]
2 100 = S DB 00 i 24I<3 2 T~ l<2:5 e 5.5
" \\\ —— 50x50 gm? 3<hi<d x\ \'— - Run 2 (nl<2.5) 3 n 2 (ml<2.5)
— - 25x100 um? 3<hni<d | ~- ; ]
10° \\:‘\ ‘ B S 10%E \\\\‘\\\ —
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0 C \\\ ] a | \ \\\\\ 1 R R N N S N T -
E T GGG U Ve _E 10 E ~ .......... AND N\ , ........... _E N
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b—TAGGING @ CMS CMS DP-2021/013

b-tagging@CMS is done with two taggers
o DeepCSV: NN architecture. Inputs: jets (AK4 PF+PUPPI), tracks, and secondary vertex observables. Outputs: p(b) & p(c) & p(light). HLT@Run2.

o Deeplet. NN architecture: convolutional, recurrent, and fully connected layers. DeepCSV Inputs @ charged and neutral PF candidates. Used offline.
First time tested at HLT.

Extended coverage up to || < 4 (includes HGCal)

PU 200 (14 TeV)

PU 200 (14 TeV)
> 1 1T 17T | T 1T 17T I T 1T T T I T 1T T T I T 1T T T I T 1T T > 1 1T 17T | T 1T 17T I T 1T T T T 1T T T T 1T T T I T 1T T T ;
(&) = CMS Preliminary o = CMS Preliminary
GCJ | Phase-2 Simulation \ 4 A GCJ | Phase-2 Simulation
‘O I~ DeepCSV (all Jets) e ‘O i 7 N.B. Deeplet, while
Y= - DeepCSV (Inl<1.5) - — L , i .
T, DeepCSV (1.5<i<d) T nggﬁ\(’ d(gggg; being the state of the
o 1077 DeepCSV (m>3) = w107 = art tagger, suffers
e - ‘ . e - HLT PF+PUPPI Jets: . from  having  its
© . ] < [ (i <2.4) . ] calibration  derived
L. LL offline-like tracking )
- 7 - - baseline tracking 7 from different
'8,1 02 B '8,1 02k trimmed tracking B reconstruction in the
— ] — E ] tracker and HGCAL.
] C ] Room for
HLT PF+PUPPI Jets: | i 1 improvement.
baseline tracking (solid) I~ 7]
3 offline-like tracking (dotted) 3
107 E 107 & E
| I I — l | I — l | | I I — 1 Il L\‘\\\T\ Il 4/ \“\\\s\ I 1 | I I — l | I — l | | I I — 1
04 05 06 07 08 0.9 1 04 05 06 07 08 0.9 1
B-Jet Efficiency B-Jet Efficiency
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MUONS @ CMS CMS DP-2021/013

® At L1 trigger level in Phase Il: L1 Muons + new L1TkMuons (muon @HLT inputs by L1 ¥ Outside-in Tracking

system + tracker) used @ HLT. L1 Tracker
Muon

® L2 Muons (offline standalone muons): muon system only muons SN |hside-out Tracking
@HLT: compatible with a L1 Muon or L1TkMuon.

® L3 Muons reconstruct muons in the tracker and combine it with the m
o  Tracker muon.
muon system o

O  Suppress jet muons.
= 6 OT layers @ = 1 IT layer. o  Barrel: HCAL & ECAL clustering AR < 0.3.

o Outside-in (global muons) L2 propagated onto the outermost o If pr>8 GeV, number of muon o  Edncap: HGCAL, 2D clusters AR < 0.2.

tracker layer. stations>1 (modulo detector o  Tracker: regional baseline tracking

o Inside-out (tracker muons) track extrapolated to muon geometry). J 0.005 < AR < 0.3.
system. @HLT: L1TkMuons used to select pixel ROIs.

o 115 PU 200 (14 TeV) R — { { | | PUIZOO(VltTeV) o 130 { [ | | PUIZOO(VltTeV)
. _I TT { TTTT { TTTT { TTTT TTTT TTTT | TTTT | TTTT I TTTT I TT l_ . _| T TTTT TTTT TTTT TTTT TTTT TTTT TTTT TTTT T l_ . _] T TTTT TTTT TTTT TTTT TTTT TTTT TTTT TTTT T l_
Q - CMS Preliminary = - CMS Preliminary . Q - CMS Preliminary _
GC.) | Phase-2 Simulation pien > 26 GeV ] 03_ 1.oF Phase-2 Simulation p? 'T>24 GeV b EJ | Phase-2 Simulation p? 7> 24 GeV 1
O — — e e o 1.2 -
2 3 ousidedn . - 1t L3muons . 5 F _I:} et ]
(0] - - . ] - ] L cal+Hcal ]
8 1.05— + Inside-out 7 1'1:_ —E— L3 muons + muon ID _: ﬁ 14— —F— Ecal+Hcal+Hgcal A
'48 "7 —%— L3muons 7 : . -~ - —=%—— Calo + tracker (regional HLT tracking) isolation 7
-] u . 1 = N .
s C 7 C Wy ] . N ]
g 1_:!:':l:'++ & .' Y IV oy ¥ —T— [ E e s ¥ E 4(_3' 1j._:¢;_'; . = _._:j—._.;
o P e e 0.9— — © C = g x EE x ’
O e A —e—] Fvy— v w0 - —— g = —a— -
® 0.95 - - - ] 0.9 e i -
A & —— ] - —r— 7 v o ]
I— : —— >§< ‘§‘ — : 08_ i C —— —l— ]
T o9 - /ZwE \:,/) 08 BKG Rej ~85% E
C &. ™ A ] B - = e 0 .
- L3 Eff ~100% DY - <PU>=2007 - DY-<PU>=200 ] - DY-<PU>=200 ]
0.85j —— ] 0.6 . ~ ] 0.7j . ]
T w.r.t L1 Muons 4 ] - Purlty 1 Muon ID . - owrt L3 Muons with muonID Isolation i
08_|||\||||\\|||\\||||\||||\||||\\|||u||||\||||\|_ 0_5_111\1111\Hll\\||||\||||\||||\\|||H||||\||||\|_ 0_6|||\||||\\|||M||||\||||\||||\\|||H||||\||||\|
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JETs & MUONs @ ATLAS ATL-PHYS-PUB-2019-014/005 (7SS

30 GeV < pr < 50 GeV 50 GeV < p; < 70 GeV
. L L L . | T T T ‘ T T T ‘ T T T ‘ T ‘ T LI I N B B S S m S VR N B B B B N B N B B B B B B O O N O | TT T T [ TT 17T ‘ TTTT ‘ TT T T
@ Pile-u p jet rejection: 10* = ATLAS Simulation Preliminary o HLLHC  Aunz 10* E ATLAS Simulation Preliminary o, AHe Rz Run2
- 'Tkr:'ay":t 15< |Z| :2: : 'Tkr']'ay°:t 15< |Z| :2: : p— - —
. . . - Pythia8 dijet - Pythia8 dijet
o . 25<In <38 A 25<In <38 A
RpT d ISC rl m I n a nt . 103 30 GeV < PT <50 GeV Pixel size: 25x100 um? (open) 103 E =50 GeV < P <70 GeV Pixel size: 25x100 um? (open)

50x50 um? (filled) 50x50 um? (filled)

HL-LHC

HIHIl 1 lIIJIH‘ 1 IHIHIl 1 IIIHH‘
ol v il il

Pile-up Jet Rejection

Jet tracks from HS 102 - 10?
Z k Eﬁ'f"'ﬁ e
Pt C
_ Track k i
Ryr = Tt 10 10
Py - :

—_

=
®
18

oyt oy oy 5 e e b b b by by b s L

I 0.88 0.9 092 094 096 0.98 ‘ 1 0.9 091 092 093 094 095 096 097 098 099 1
* Significant improvements in Hard scattering efficiency Hard scattering efficiency
particularly in the forward region
(Run-2 ID limited to |n| < 2.5).

Pile-up Jet Rejection

_ pr resolution Muons isolation
© Muons reconstruction: D o L T P ey 7 i S
‘—"_ F Sinl g A w - tf, Medium Muons — <u>f(1530 :
o - Single muons, <u>=0 i S 12Tk Inclined Duals Bl
— 20 0.1<ml<1.0 ; [ 1 Vv [ pr>10GeV, Inl <27 ]
~ L —=— ITK ] ] g C eP oBkg. ]
° . . ~~  —+ Muon Spectrometer £ ) e & gpsaig =t 3 - .
Muon momentum resolution improved. Q {5[. —e— Combined q 5 ; pas S S5 s
— [ —=— Inner Detector (Run 2) N © 08 T
. . . © r —e— Combined (Run 2) o . ] “m‘ E E
®* Prompt muon track isolation efficiency 106 « yd 5 08 -
. . . C y X O] 5 C ]
stable against increasing <PU>. £ o ”gﬁé{g,._: g 04f s
i a».;g;-;:f—'f_ié’_i‘; = i 0.2F =
Og:"------l--#:_"_:__g;'_”_ .-"“E .. | _ L L | ] 0__C = A T R s .
P, [GeV] m
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® Performance are compatible with what we have seen in Phase |, still room for improvement and enough time to work.

® Some of the future capabilities of the CMS (e.g. MTD detector) and ATLAS (e.g. HGTD detector) not yet exploited.

® Phase Il reconstruction is already in place and working for both ATLAS and CMS.
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REFERENCES & FURTHER READINGS

® CMS Phase Il HLT Performance:

* Electrons & photons: CMS DP-2021/009;
* All the other objects: (link to the DP).

® ATLAS bTagging Performance for Phase II: ATL-PHYS-PUB-2020-005.

® ATLAS Tracking Performance for Phase II: ATL-PHYS-PUB-2019-014.

® ATLAS Detector Performance for Phase Il: ATL-PHYS-PUB-2019-005.
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/EGammaPhase2HLTPerformance
https://cds.cern.ch/record/2713377/files/ATL-PHYS-PUB-2020-005.pdf
https://cds.cern.ch/record/2669540/files/ATL-PHYS-PUB-2019-014.pdf
https://cds.cern.ch/record/2655304/files/ATL-PHYS-PUB-2019-005.pdf
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TAUs @ CMS

® TAU reconstruction - Hadron-plus-strips (HPS) algorithm

o seed:
o AK4 jet of particle flow (PF) hadrons, e/y
o L1 Seeds: LIT-NNPuppi & HPS@L1

o signal cone + isolation cone
o assign T, decay mode by counting
* charged hadrons
*  ECAL/HGCAL clusters (e/y merged into “strips”)

® TAU Ildentification:

e Charged Isolation (at HLT)
 Computation of the T isolation

* DeepTau algorithm (now also at HLT)
* convolutional deep neural network (DNN)
o high level: T lifetime, isolation, e/y kinematics, ...
o PF hadron/u/e/y information in small nx¢ cells of 7,
* multiclassifier into 1, u, €, or jet probabilities

For Phase |l trigger developments (see Swagata’s talk for trigger performance):

* significant improvement when using the DeepTau algorithm
e cuts re-optimized to improve PU robustness, and remove dependence on PV sorting
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hTAGGING @ CMS

Impact parameter significance
PU 200 (14 TeV)

w [ T T T | T T T | T 1 T | T 1 1 T T T T T T I 1 T T | T T T | T T T | T T T ]

XX - .. _

8 1 0 L CMS Pre{lmma(y Offline-like tracks b-quark jets i

bt = Phase-2 Simulation N2 3

— - S 3

Ne) N ,b( Offline-like tracks light-flavor jets ]

e N

E 1 g_ (,O I HLT tracks b-quark jets E

=) - & :

E ~ CB,Q\ I HLT tracks light-flavor jets N

RO (V= & 5

- & -
- O .

1072 = =
107° = =
107% =

o 1.5

£

o)

Q B i

~ 09930080 60 40 20 0 20 40 60 80 10C

- . .pe

T IP3D significance

Adriano Di Florio LHCP 2021 --- 7-12 June 2021 17



