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The CMS Detector
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Total weight : 14000 tonnes
Overall diameter :15.0 m
Overall length :28.7m
Magnetic field :38T



CMS detector (for jets )
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I Tracker: Silicon Pixel and Strip detector
@~ 0.7% at 10 GeV
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—> Charged particles

CMS specifics

¥ Very precise tracker and ECAL

¥ Highly granular ECAL

¥ Tracking and calorimeters
contained within superconducting
magnet

¥ Strong magnetic field (3.8 T)




Particle Flow (PF) approach
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Try to reconstruct individual particl
candidates, combining information
from various detectors

¥ Charged hadrons (tracker)

¥ Photons (ECAL)

¥ Neutral hadrons (HCAL)

¥ +Electrons/muons

- Form jets and MET using partic
candidates

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

- However, need precise calibratic
of low-level detector
components



Muon momentum scale calibration
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Muons critical e.g. as reference objects for jet energy scale calibration

|| Biases e.g. due to residual tracker misalignment are corrected for by using
{ peak as reference
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Calorimeter calibrations

§ Calibration procedure described in [1]
i! Response change)
{ ! main monitoring done with laser §
light |
$ | Intercalibration (in each-ring)
£ | " -symmetry (from zero bias event$
"0l ##and! | ## (dedicated
triggers with 8 (2.5) kHz barrel
(endcap))
' E/p with electrons fromW and Z
events
{! ! and absolutenergy scale :
! ' Z! eeeventsinreference region
for absolute scale (]| < 0.35;1.7 < |4
‘, 1] <2.]) ¢
§! Calibration workflow highly
automatised, included in prompt
reconstruction

to laser light
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Calorimeter calibrations

with laser light (all layers individually)
Also monitoring signal decrease oflZ $$ §
Z! ee additional channel for HF (differeg

technology)
Intercalibration (in each -ring) exploiting
azimuthal symmetry
' mean deposited energy in the cells after §

noise subtraction

| either MinBias events

I or physics dataset independent of (\

(SingleMuon) 1

|solated tracks without energy deposit in
ECAL
| used to determine scale in tracker—covere

region 1
New local reconstruction for Run2 to cope
with 25ns operation.

IHCAL: Brass/scintillator(|n| < 3)
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PF hadron calibration
(e NN

oty { CMS Particle Flow legacy |
{ paper in the making!

('f'ﬁ;";rged hadiinf:

ECAL and HCAlare calibrated separately (absolute scale fixed with electrd
{ and pions) ’
§' However, hadrons usually deposit energy in both ECAL/HCAL
I ' e/hlargely different between CMS ECAL/HCAL

' Energy sharing between ECAL/HCAL energy-dependent

PF hadron calibration is determined from single pion MC and/or isolated tr}
in data ¢
| Procedure fixes scale as a function of true hadron energy and improves thg
resolution, especially at low pt, where energy is lost due to threshold effect

PR |




Jet energy corrections at CMS

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

appliedon MC ——>» (& J
L1 L2L3 L2L3Res
T 2\
. level
JEC corrects reconstructed jets - on average | oo xor €V
back to particle level Partonlevel  mK.. o
<pT,reco>/<pT,gen> = 1 (vs. pT,geh, pileup$) [~ m/
\ ‘p\ Particle Jet _ _

Factorized approach to JEC : - _J\_Particle Flow et |

¥ Correction to particle level jet va.» and! from simulation

¥Only for data: Small residual corrections to correct
for differences between data and S|mulat|6|mrrect|ons are smaII but these are
full-blown analyses! ‘ R S |

{t CMS Run | Iegacy paper on JEC is out .’j

10.1088/1748-0221/12/02/P02014



Pileup corrections “:’T:,’>

pileup (p,)
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energy from additional minimum bias events (pileup). ;
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MCTruth corrections
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Jet energy scale determination in data
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&
Jet energy scale determination in data
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&
Jet energy scale determination in data
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&
Jet energy scale determination in data
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Relative corrections from dijets .
Pry @%
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Absolute corrections from ' /Z+jet, MIB (p 1) /&@ é@
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Conclusion
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Run 1 Iegacy paper ]USt arrlved Descrlbes aII currently used technlques ig

detail. i

' Pileup, extrapolation, and jet flavor dominating uncertaintiek |kal.3,
relative scale at high |. Uncertainties below 1% for jets with->100 GeV

' Run 2 on par, but expect to take over soon with larger dataset than Ru

CMS factorises jet energy corrections (building on top of low-level

calibration)

| Make best use of simulation that accurately describes data

I Correct for small remaining differences using data-driven residual
corrections (relying on reference objects likéZ)&



Particle Flow (PF) approach
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