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LHC Run 1 and 2
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2017 Low PU Runs

CMS Average Pileup, pp, 2017, /s = 13 TeV CMS Average Pileup, pp (eraH), 2017, /5 = 13 TeV
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@ CMS has ~ 200 pb~! of 13 TeV low pileup data at
<p>~=3

ATLAS ran at somewhat lower pileup, but collected low pileup
data for longer — ~ 300 pb™! at < p >~=2
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Run 3 and HL-LHC
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Run 1 | | Run2 | | Run 3 | Run4-5...
LS1 EYETS Ls2 13- 14 TeV Ls3 14 TeV anergy
Diodes
LY installation HL-LHC 5107.5 x nominal Lumi
17 dipole coll. installation

Civil Eng. P1-PS

crerc

(S50 | integrated [ERNNE T
R 2000 (ultimate)

ATLAS - CMS
upgrade phase 1

ALICE - LHCb
upgrade

@ Modest increase in pileup in Run 2 from 2022 most likely
@ Increase to ~200 pileup for HL-LHC (but with significant
detector upgrades)

e Ongoing discussions for further low pileup runs in (early) Run
3
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Pileup Impact on Reconstruction

@ Reconstruction becomes more challenging with higher pileup
in all areas, but some aspects are more affected than others
o Large Impact:

o MET scale/resolution
o Jet energy scale/resolution
o Calorimeter or neutral lepton isolation

@ Moderate impact:
o Electron (or photon) energy scale/resolution /identification
@ Small impact:
e Muon reconstruction/identification/energy scale/resolution
o Charged isolation
o Jet/MET quantities formed from charged particles
@ Pileup can affect both the performance
(resolution /efficiency/fake rates/etc) of objects, as well as the
corresponding systematic uncertainties
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Low PU Data - Motivation

@ Most important pileup effect for precision EWK physics is the
degradation of missing energy resolution and systematic
uncertainties on hadronic recoil scale and resolution relevant
for W selection/reconstruction

@ Several measurements have been discussed which can/would
benefit from Low PU data

e Direct measurement of W pr, especially in low pr region

o Measurement of W mass using Mt with reduced theory and
recoil modeling systematics (discussed in some detail by
Stefano yesterday)

o Measurement of W /lepton charge asymmetry and/or
differential cross sections?
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Low PU Data - MET /Recoil Resolution
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@ n.b: Number of vertices ~= 0.7y (Min. Bias acceptance/efficiency in
vertex reconstruction)

@ CMS MET reconstruction shown not optimized for low pileup

@ PUPPI is a pileup suppression algorithm which removes charged

PFCandidates from pileup vertices and down-weights close-by neutrals
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(Old) W pr Measurements at Low PU
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@ Precision limited by statistics and systematics on e.g QCD
background and recoil modeling, but bin width at low pr is
limited by recoil resolution
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Missing Energy Performance at Higher Pileup

) .
. 359" (13 TeV) 3581 (13 7eV) 10} s i3Tey)
3 5 =
g D:alz . El 222 —e— Dala > —e— Data
2 Howen & 8% [ wiev)jets & [ wiev)+jets
5 Ozv »m ERY Czvinets % [ zvlijiets
2 2 2
& Bluneenany 2 :j [ aco muttiet H [ aco mutjet
&

] Uncertainty

Uncertainty

0
<] f Q T T T T T 1%
vas' | } h’“ At 4 =1 215
s M s e 3 -
805 E UL b T | gog Ll
%00 50 <100 ~80 0" 50166 150 200 N 80100 120 140 020 40 60 80 100 120 140
PUPPIy +q, GeV] PUPPIp[™ [GeV] PUPPI M, [GeV]

@ Hadronic recoil can still be calibrated with Z — ¢/ events, even if
resolution is degraded

@ Ultimate precision and limits imposed by pileup degradation to be
understood

@ Multivariate techniques may be used to improve both MET resolution
and data/MC matching
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W Charged Lepton Cross Sections/Asymmetries
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@ corresponding ATLAS 8 TeV measurement has somewhat
larger QCD background and recoil-modeling systematics
related in part to higher pileup
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W Charged Lepton Cross Sections/Asymmetries
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@ BUT methodology used for signal extraction and background estimates
somewhat different

@ ATLAS: Cuts on £+ and My for signal, fits to £+ (etc) in control regions
for background

@ CMS: Inclusive selection (more background), fit to £+ in signal region for
simultaneous signal extraction and background estimate (potentially lower

systematics at higher pileup)
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W Helicity /Rapidity at LHC
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o At tree level:

All W production at LHC is qg induced

Direction of the W relative to the incoming quark determines the
helicity

Only two helicity amplitudes/polarization states

W has zero transverse momentum

Full information on valence quark PDF’s in the relevant x range
contained in do/dy broken down into the two helicity states

JHEP12(2017)130 E. Manca, O. Cerri, N. Foppiani, G. Rolandi
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W Helicity /Rapidity at LHC
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@ Direction of incoming quark depends even more on PDF's in pp vs pp
collisions
@ gluon-induced contribution from higher order effects larger and more

uncertain (also due to higher E., compared to Tevatron)

JHEP12(2017)130 E. Manca, O. Cerri, N. Foppiani, G. Rolandi
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W Helicity /Rapidity at LHC
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@ 2D distribution of charged lepton pr and 7 can discriminate
between helicity states as well as rapidity of the W
JHEP12(2017)130 E. Manca, O. Cerri, N. Foppiani, G. Rolandi

Josh Bendavid Ultimate EWK Precision 14



W mass from charged lepton kinematics

@ Phenomenological study in LHCb-like acceptance
(30 < p% < 50GeV,2 < n* < 4.5) comparing 1D fit of p% distribution to
2D fit of (p%,n*) distribution, with and without posterior weighting (~
equivalent to profiling) of PDF's

@ 2D fit is closely related to previous study, differs from ATLAS fit to p% in
categories of 1° because the latter effectively leaves the normalization in

each 1’ bin freely floating (and uses coarser i° binning)
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Eur. Phys. J. C (2019) 79: 497, S. Farry, O. Lupton, M. Pili, M. Vesterinen
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W Charged Lepton Differential Cross Sections

@ Hadronic recoil “only” needed to suppress QCD backgrounds

@ Reasonably strong motivation for double-differential
measurements of charged lepton cross sections/asymmetries
for both PDF constraints and W mass

@ Requires higher integrated luminosity (higher pileup data) to
maintain statistical uncertainties (also statistical component
for fakes and efficiencies)

@ Some price to pay for recoil modeling related systematics on
signal efficiency and/or background estimates, but different
tradeoffs and mitigations are possible depending on analysis
strategy

@ Low pileup data may still be useful for 1D differential cross
sections/asymmetries and/or more explicit use of recoil
information
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Electron Performance
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@ No dramatic degradation of lepton performance expected vs pileup

@ (Though electron energy scale may become more difficult to control at
the level needed for W mass measurements)

@ Precise efficiency measurements and uncertainties/correlations suitable
for 300 fb~! analyses extremely challenging irrespective of pileup
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Muon Performance
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@ No dramatic degradation of lepton performance (or efficiency
systematics) expected vs pileup

@ Can use charged isolation-only if really needed

@ No dramatic impact on muon momentum scale/resolution expected

@ Precise efficiency measurements and uncertainties/correlations suitable

for 300 fb~! analyses extremely challenging irrespective of pileup
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HL-LHC

@ Moving to 200 pileup is entering a different regime

@ Increased vertex density can lead to pileup contamination for charged
particle quantities (but mitigated by detector upgrades such as improved
tracking detectors and precision timing capabilities)

@ Upgraded detectors/extended coverage/etc can also be leveraged in

further low pileup data collection

Barrel Calorimeters

L1-Trigger/HLT/DAQ

https://eds.cern.ch/record/2283192 https://cds.cern.ch/record/2283187 i o
it/ fods.corn oh/resord /2283103 + ECAL crystal granularity readout st 40 MHz with precise timing for
* Tracks in L1-Trigger at 40 MHz efy at 30 Gev
+ plow.like selection 750 kHz output * ECAL 2nd HCAL new Back-End boards
* HLT output 7.5 kHz
Muon systems
https://cds.carn.dl 2283189
DT & CSC new FE/BE readout
* RPC back-end electronics
* New GEM/RPCL.6<n<2.4
- Extended coverage toR <3

Calorimeter Endcap

9 22
* 3D showers and precise timing
* Si, Scint+SiPM in Pb/W-SS

Beam Radiation Instr. and Luminosity
Common Systems and Infrastructure
https://cds.cern.ch/record/2020886

Tracker https://cds.cern.ch/record/2272264
* Si-Strip and Pixels increased granularity
« Design for tracking in L1-Trigger
* Extended coverage to 1] = 3.3 Preci

ern.ch/record/2296612
ming with:

Barrel layer: Crystals + SiPMs
« Endcap layer: Low Gain Avalanche Diodes

Ultimate EWK Precisi 19

Josh Bendavi




Precision Timing Benefits: Pileup Suppression

CMS Phase-2 Simulation
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@ Significant reduction in effective pileup in terms of charged multiplicity
across full 7 range with 30 (90 ps) cut on timing

@ Reduces pileup contamination for charged particles at 200 PU back to ~
LHC Run 2 levels

@ Benefits propagate to lepton charged isolation, pileup jet suppression,
MET resolution, b-tagging, etc
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HL-LHC CMS Electron Performance
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@ Electron reconstruction/efficiency should be ~ ok at high pileup

@ Some radiation and pileup related challenges for energy resolution
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HL-LHC CMS Muon Performance

Tight Muon Efficiency
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Upgraded muon detectors maintain good performance at high pileup and
extend coverage to |n| = 2.8 for CMS e.g. (albeit with challenging
situation for hardware trigger beyond 2.4)

some muon ID also possible in CMS forward calorimeter up to || =3
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HL-LHC CMS Missing Energy Performance
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By exploiting forward tracking, precision timing, pileup

suppression techniques, etc, missing energy reconstruction
stays ~ manageable in case further W charged lepton-focused
cross section measurements are needed at high pileup
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Conclusions

Low pileup data clearly superior/useful /needed for direct measurements
of W pr to reduce/constrain/validate theory modeling and uncertainties
for (high pileup) p% based my measurements

Improved recoil resolution at low pileup can also lead to reduced
experimental and/or theory modeling uncertainties for Mr-based mw
measurements (but accuracy of recoil calibration for high pileup data may
still be improved along with pileup mitigation)

Cross section measurements of the charged lepton kinematics can
probably be done with manageable systematics related to the (minimal)
use of hadronic recoil, but definitely inclusive W/Z and maybe 1D
differential cross sections in the W case will benefit from the low pileup
data

Some thought may be needed for optimal combination of high and low
pileup data for W cross sections/angular coefficients/pdf constraints/mw

Z/~" cross sections/angular coefficients/weak mixing angle mainly from
high pileup data (except for inclusive xsecs, and some ratios with W)

Ecmv = 5 TeV data and other HI reference runs should not be forgotten
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