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~<1'The CMS Detector and the ECAL

Electromagnetic calorimeter (ECAL)

CMS:

Length: 21.5m

Diameter: 15m

Weight: 14k'T
Magnetic field: 3.8T

ECAL: the main component of CMS to detect and precisely measure the
energies of electrons and photons.

Goal: excellent di-photon mass resolution (71%), needed for H—vyy
observation
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\@S The CMS Electromagnetic Calorimeter MLX
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Physics output
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The excellent resolution and electron/photon ID of the CMS ECAL was
crucial in the discovery and subsequent characterization of the
125 GeV Higgs Boson

The continued excellent performance of ECAL in the entire pseudorapidity
range is a key component of many searches for new Physics
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= Overall ECAL Performance during 2017 Run

1. LHC delivered almost 50fb-! during 2017

2. Beam intensities reached 1.7x1034 cm-2s-! and peak
pileup up to 60

3. ECAL performed smoothly throughout 2017 with
e Up-time > 99%
e Data certified as good : 99.5 %
e Active channels EB+4EE: 99% and ES: 99.9%

4. Our online and offline procedures have constantly

been improved to cope with increasing LHC beam

intensities, and the effects of detector aging
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CMS, ‘
= Online Performance: ECAL Trigger Mx

ECAL provides important information to the CMS trigger system

- Trigger primitives for e/y, jet, r candidates and calorimeter energy
sums

- Rejection of direct signals in the barrel APDs (“spikes” - see C.
Schiber’s talk)

Recent improvements

- Regular corrections applied to account for detector aging (crystals
and photodetectors) — stable L1 calorimeter trigger rates
- Account for aging effects in front-end electronics — to maintain
optimal spike rejection
- Suppression of n-dependent noise in the forward regions of ECAL
(intrinsic noise amplified by detector aging corrections)
- Recovery from Single Event Upsets (due to higher beam intensities

in Run II) with automatic detection and masking of problematic channels
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e/y Energy Reconstruction

N/ O

A

EM energy is reconstructed with a dynamic clustering algorithm to form a basic cluster
1. ECAL crystal transverse size chosen as ~Ry (Moliére Radius of PbWO,) so EM

showers spread over several crystals
. Basic clusters are extended in % direction to form superclusters (SC) to recover

additional energy spread due to magnetic field, photon conversion/electron

bremsstrahlung

Reconstructed e/y energy is the sum over all crystals in a supercluster (SC)

Inter calibration

global scale

E,W—F,7 ZS - Oy -

cluster corrections laser momtorlng
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CMS simulation, Vs=13 TeV PU=20/BX, 25 ns
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. Each pulse from APD/VPT is digitized in 10 samples
2. Run-I: Amplitude was a weighted sum of all 10 samples S;

. Run-II (higher pile-up): Multifit method and frequent measurement of the pulse shape

templates
4. Because of the a template fit, pedestals must be also measured in order to be subtracted
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Amplitude /Pedestals(t)

e CMS Preliminary 2017 46 fb' (13 TeV)
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Pedestals drift in 2017

red = long term aging effects

blue = short term effects that depend on instantaneous luminosity

Pedestal measurements for each channel are directly used in the multifit.

Pedestal drifts observed during Run II - accounted for in the energy

reconstruction with frequent pedestal updates
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Si(t), Response Correction
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Response to laser light since 2011

Laser response measurements are recorded for each crystal every 40

minutes and the reconstructed energy is corrected accordingly
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Ci, single channel inter calibration

CMS Preliminary 2017 - ECAL Barrel
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Run Il: 0.25-1% in EB

3 methods: 7°/n invariant mass, single electrons from W/Z (E/p), Z—ee mass (see T.

Mudholkar’s talk for more details)
The black points represent the precision of the combination of three methods (weighted average)

The IC precision contributes to the constant term of the final energy resolution
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Supercluster (SC) energy
correction F,
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MVA training with MC simulation:
Crystal coordinates and shower shapes as input

Electrons and photons MVA are tuned separately to take into account their different behaviors
(conversion, bremsstrahlung)

Improvement on Z mass is demonstrated by using SC (vs. 5 x 5 cluster) and the MVA correction (vs.
raw SC energy)
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CMS 35.9fb" (13 TeV) CMS 35.9 fb" (13 TeV)
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- The absolute energy scale calibration G is adjusted such that the fitted data Z—ee peak

agrees with MC (see J. Rembser talk for more details)

- The n-dependance of the energy reconstruction is also taken into account using Z—ee events
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=1 Offline Performance: Electron Energy Resolution

CMS Preliminary 2017 42.6 b (13 TeV) CMS Preliminary 2017 42.6 fb' (13 TeV)
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The resolution improves significantly after a dedicated calibration using
the full 2017 dataset (blue points) with respect to the end-of-year-2017
calibration (gray points) for which only time dependent effects were

corrected
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Summary and prospects

N/ O

A

1. ECAL has operated smoothly and with excellent performance

during Run II

1. ECAL online and offline reconstruction has been adapted to meet
the challenges of higher LHC luminosity and detector aging

2. Regular monitoring and updates of crystal response, pedestals,
noise, and pulse shape and timing are performed to maintain
stability of triggering and energy resolution

3. Effective suppression of out-of-time PU using the multifit algorithm

2. With these updates, the excellent energy resolution and stability
achieved during Run I has been maintained in Run II

3. Special care is given to the high n region of EE, where the
crystal4+photodetector response losses are greatest

4. Lessons learned here will be invaluable for Run III and for the

performance of the ECAL Barrel in Phase 11

A. Zghiche
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= LHC Integrated Luminosity

CMS Integrated Luminosity, pp
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LHC has delivered over 130 fb-! since 2010 — detector aging needs to be taken into account
Much of the luminosity has been delivered in Run II — intensity related effects are

increasingly important
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Noise(t)

CMS 2017 Preliminary Vs=13TeV L =46fb"

- 22
< — ECAL Barrel
g ¢ New
O 2.1 - A
()] |
<C |
£ —
® 2—
0 —
S —
£ —
2 19— (0.5adc
m -
© —
2 1.8 —
o
S —
Q. N f

1.7— ,.I

N « Collision runs
P 1 ADC count = 40 MeV
160V
1.5 _I | | | | | | | | | | | | | | | | | |

Jul 22 Aug 21 Sep 21 Oct 20 Nov

time

24 May 23 Jun 23

Noise increase in EB due to APD irradiation.

Minor impact on resolution for electrons/photons from Z, W, H, but

can impact shower shape variables and lepton isolation.
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Amplitude /Timing(t)

CMS Preliminary 2017
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Timing drift during 2017

Update timing calibration and pulse shape templates (used in the multifit)

when the drift exceeds 200ps
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Si(t), Response Monitoring validation
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After transparency corrections, the stability of the relative energy scale

is demonstrated
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=
Ci, single channel inter calibration
4 CMS Preliminary 2.6fb7 (13 TeV)
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Offline Performance : Z—ee mass stability
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See T. Mudholkar for more
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Single channel IC

N /O
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CMS Preliminary 2017 2.5 (13 TeV)
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= Single channel IC
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= ECAL resolution: MC/2015 data

CMS simulation BTV low bremsstrahlung electrons 25 b (13 TeV)
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Performance: Direct APD Signal Rejection
CMS 2017 Preliminary 236pb™” (13 TeV)
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Er threshold Old pedestals New pedestals
20 GeV 16.7% 13.7%
30 GeV 23.5% 19.3%
40 GeV 34.8% 29.2%
50 GeV 39.4% 33.0%
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