Pileup suppression in CMS
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Pileup degrades performance

[if nothing done about it]
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Pileup suppression at the hit/
cluster level (ECAL/HCAL) [out
of time PU]
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Pileup suppression by removing
charged hadrons from PU
vertices (CHS)

Going beyond: PUPPI already used now for many substructure
observables, even more important at higher PU
+ hardware upgrades for HL-LHC

fast timing layers: the CMS example Andrea Davide Benaglia et al.

Krakow 16:10 - 16:30
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Particle Flow (PF) approach

I | | |
Oom im 2m im
Key:
Muon
Electron

Charged Hadron (e.g. Pion)
— — — - Neutral Hadron (e.g. Neutron)
----- Photon

Tracker

N = Iy
& AN
f "'v'_ ~r ..
£ A
. ¥
Electrony 7

) gnetic
}1,, "l Calorl bter

Hadron
Calorimeter

oke interspersed

E

1=

oL

e

. v
3

L1, :
[

3

\_c

Position, momentum

~

Transverse slice chambers
through CMS /
» : N\ . Y
ilicon Tracker )[Electromagnetic Hadron Calorimeter|[ Muon Chambers

Calorimeter

of charged particles :||Position & ID, energy|| Energy of hadrons - |fPosition & momentum

RERLF: of et #, 10 p, n, !+ K.. of "
AN VAN L J




Particle Flow (PF) approach

ECAL! CMS Preliminary 2018 13TeV
pulse reconstruction O B
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Particle Flow (PF) approach
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pulse reconstruction
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Particle Flow (PF) approach
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Try to reconstruct individual
particle candidates, combining
information from various
detectors

Charged hadrons (tracker)
Photons (ECAL)

Neutral hadrons (HCAL)
+Electrons/muons

K K K K

Form jets and MET using
particle candidates

PF greatly improves CMS jet
energy resolution as
compared to calorimeter-only
reconstruction.



Particle Flow (PF) approach

pulse reconstruction AW
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Charged Hadron Subtraction for jets
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Particle Flow Charged Hadron Subtraction (CHS)

¥ Majority of pileup is from charged particles

¥ CHS removes individual charged hadrons from pileup vertices (ca. 2/3 of offset
energy in barrel)

¥ Inherent limitation: Only works in tracker-covered region, only works on charged

component



Offset energy left after CHS: Part of JEC

Reconstructed /Z”Jet MJB (p\)\ dijets (n)
Jets pileup (A,p,p_.n)

appliedon MC ——»

L1 L2L3
(8 TeV)
9 14__ ' T 'IAI:tlk R05|P|:|+IC|I_IIS"__
8 i g:ir|:1/|ulsation |#?<I1 3 ( ) i
~ 121 —+-0%$u<10 E
- —%-10$u<20 ]
g —+-20$u<30 i
5 10p 30$u<40 -
o C ——0%pu<40 ]
8- 2
6:_ A AAAAAA‘AAA)‘;
W—Auq A-A-A—A #ﬂ{kﬂ%}ﬁk%}%i.iﬂ;
4 WOOOOOO(}%afafafaffkﬂffkﬂi "
[ R :
r D
2”.*,"1 000 _o o O 0 ]
o_ 1 1 [ B N B | | . | L |_

20 30 100 200 1000

pT, ptcl

|\ J/
L2L3Res

(8 TeV)

7~ 1. [ T T T LI T T T LI I

> - CM Anti-k _, R= 0.5 (PF+CHS) -
8 1.2 Simulation [ <1. 3 E
N N —+—0%pu<10 N
—o b —+-105pu<20 E
DA ol —4— 205 <30 B
50-8f 30 $ 1 < 40 ]
_Q_|_06:_ —4—0%u<40 -
0.4F g
0.2 I— 4;%‘%
0. zf— ﬁfﬂ% &
-0.4F E
_ C ! ! Ll ! L1111

0.6 20 30 100 200 1000
pT, ptcl

¥ Remaining offset energy (1/3 in barrel) corrected for by p/jet area-based

correction

¥0o N.B.: Not needed for PUPPI jets



Extension to neutral deposits: PUPPI iIn CMS

Concept : neutral particles close
to charged particles from LV are
likely to be from LV.
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Schematic by S. Hasegawa



CMS Simulation Preliminary

PUPPI and substructure
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PUPPI works particularly well for jet substructure; most current substructure

analyses at CMS use PUPPI.

Retains flat efficiency as a function of PU, when cutting on PU-susceptible
observables like subjettiness/ [ungroomed] mass
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PUPPI and MET

35.9 fb! (13 TeV)
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Schematic by S. Hasegawa



PUPPI and muon isolation

1.05 13 TeV, <PU>=20 CMS phase-2 simulation 14 TeV
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by PUPPI weight

PUPPI muon isolation slightly better at current LHC conditions
PUPPI sustains performance at HL-LHC conditions (PF isolation breaks down)

CMS-TDR-17-001



In the absence of tracking

L (13 TeV, 25 ns) . (13 TeV, 25 ns)
© = S S S
% 09:* -g o CMS
s 7F 3 0-9F Simulation Preliminar
o = CMS o - ulation Preliminary
(@) — C
S 0'8; Simulation Preliminary % 0-8§
i_g’ 0.7 ? _g 0.7 ?
& 061 3, 0.6F
055 0.5F ‘
04E — Quark (20<pT<30 GeV) 04 - —— Quark (20<pT<30 GeV) .
03 = Gluon (20<p, <30 GeV) 0 3; —— Gluon (20<p_<30 GeV)
0. E o Quark (30<p_<50 GeV) ' E e Quark (30<p_ <50 GeV)
. 17 """" Gluon (30<p, <50 GeV) 028 Gluon (30<p_ <50 GeV)
<28 | | | 01 275<|<3
07 | | | | | | | | | | | | | | I ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ |
O | |
0 62 04 06 08 1 0 02 04 06 08 1
I (signal) I (signal)

Life is much harder, but PUPPI and PileupJetID (shown above) also provide at
least some power for mitigating pileup jets in endcap/forward.

15



In the absence of tracking + future
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Life is much harder, but PUPPI and PileupJetID (shown above) also provide at
least some power for mitigating pileup jets in endcap/forward.

Future much brighter: Tracking up to Inl<4; Timing detector; HGCAL

fast timing layers: the CMS example Andrea Davide Benaglia et al. @
Krakow 16:40 - 17:00
Highly granular forward calorimetry Clemens Lange et al.

Krakow 11:00 - 11:20




Conclusions
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* Pileup is a serious threat to physics performance, but the price we pay
for ever higher luminosity
* Run 2 conditions well under control (especially in tracker-covered

region)

- Tackling the challenge from many directions: low level reconstruction
(pulse shapes), per particle removal, grooming for substructure
- Towards HL-LHC: Tracking up to Inl<4; Timing detector; HGCAL
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* + plenty of time for algorithm development
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0 r panel), and in the (!,") view on the ECAL surface (lower left) and the HCAL surface (lower
- right). In the top view, these two surfaces are represented as circles centred around the in-
C teraction point. The K E, the #' , and the two photons from the #° decay are detected as four
C well-separated ECAL clusters denoted E; 234 The#* does not create a cluster in the ECAL.
-50¢ The two charged pions are reconstructed as charged-particle tracks Ty 2, appearing as vertical
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- two HCAL clusters H 1. In the bottom views, the ECAL and HCAL cells are represented as
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- the cluster positions are represented by dots, the simulated particles by dashed lines, and the
-150[ positions of their impacts on the calorimeter surfaces by various open markers.
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