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Run Il: LHC luminosity

* Peak luminosity ~2 1034

2017
CMS Peak Luminosity Per Day, pp, 2017, Vs = 13 TeV

Data included from 2017-05-30 08:43 to 2017-11-26 10:30 UTC
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e Corresponding to Pile-Up > 55

2018
CMS Peak Luminosity Per Day, pp, 2018, Vs = 13 TeV

Data included from 2018-04-17 10:54 to 2018-06-12 04:14 UTC
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% Run Il: CMS data & operation in 2018

2018

CMS is running very well
* very fast commissioning of CMS after the CMS Integrated Luminosity, pp, 2018, v's = 13 TeV

Intervention durlng the tEChnlcaI StOp Data mcluded from 2018-04-17 10:54 to 2018-06-12 04:14 UTC

25

e very good recording efficiency (>94%) ~ B L hc Detivered: 23.16 1
* Deadtime negligible also at the highest luminosity &) [ " =9 CcMS Recorded: 21.89 b '
(about 2x than design) Z2or {20
. . . n L . . .
* Fraction of active channels high and stable © | CMS Preliminary Online Luminosity
€ 15 115
3
CMS Integrated Luminosity, pp, 2017, vs = 13 TeV S
Data |ncluded from 2017-05-23 14:32 to 2017-11-10 14:09 UTC B 10 110
50— 50 ©
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CMS

Run ll: CMS Active Fraction in 2018
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Current fraction of active
channels in 2018
datataking is high and
stable

(picture: May 2018
compared to Sept 2017)
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&%, CMS detector: 2017 & 2018 changes

2018:

2017: New Pixel Detector / |
T J it '/~ ECAL new DAQ links
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CMS

Upgraded Tracker: Silicon Pixel

MOTIVATION UPGRADED PIXEL
Dynamic inefficiencies in Pixel observed = Higher rate capability
during Rgn | L .. ®"Increased number of channels
= Dead time at high instantaneous luminosity
caused by limited size of readout = Reduced material budget
bandwidth

= Scale: about 5% inefficiency at PU 40 in

Barrel Layer 1 . . .
v'Increased tracking efficiency

v"Reduction of fake rate

v Improved impact parameter
resolution

Installed 28t Feb — 9t" March 2017
Ready 24t March 2017
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Installed 28th Feb — 9th March 2017

Upgraded Tracker: Silicon Pixel [™*'resdy 2e"warch 2017

** New readout chips (ROCs) with reduced data loss
at higher collision rates of Phase |

**»40 MHz analog (old) = 160 Mbit/s (digital)
*» Higher bandwidth readout electronics (factor 8)
40 Mbit/s (old) = 320 Mbit/s (new)

** DC-DC power converter to allow reuse of existing
fibers and cables

CMS,

» Full replacement of Pixel
** One additional barrel layer
“* One additional forward disk
** Innermost layer closer to Interaction Point
** Outermost layer further from Interaction Point

UPG RADE?(} _ outer rings
zﬁGRﬁ?H)l&Qﬁm = n; - n=2.0
arrel layers
/ n=25  UPGRADED
// inner rings
7 —
29 cm
4.4-em .
LA
X R
PREVIOUS 10=2=em n=2.5 PREVIOUS
3 barrel layers PREVIOUS

n=0
7/5/2018



CMS

Hit Efficiency

Upgraded Tracker: Silicon Pixel
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CMS

Upgraded Tracker: Silicon Pixel

Late 2017 - Early 2018

In late 2017 about 5% of the DC/DC power
units failed

= marginal impact on 2017 data quality

o 1

Q

=
During 2017-2018 technical stop all the 1200 & L
DC/DC modules have been replaced o 08
i 0.7

o the pixel detector has been removed,

opened and reinserted 0.6
> Also 6 sensor modules replaced in the 0.5
barrel layer (damaged as side effect) 0.4
0.3
0.2

Presently: fraction of active channels is about
96% 0.1

* As high as beginning 2017
*¢* No DC/DC converter failure so far in 2018

b-tagging efficiency in 2017

41.3fb' (13 TeV) 2017

R B o2 gt —
==

DeepCSV

—e— 2017 average, Loose —e— 2017 average, Tight
—— Before Oct. 9, Loose = —— Before Oct. 9, Tight
—e— After Oct. 9, Loose o After Oct. 9, Tight

CMS Preliminary

!
I
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Tracker: Silicon Strips

* 200 m? of p-in-n type silicon strip sensors
(p-type strip implants in n-type bulk) UPGRADES:

*Strip pitches: 80 um to 205 pm Cold provided for Run 2 to mitigate

* Strip lengths: 10 cm to 20 cm long term damages (2017)
o All condensation issues addressed

° During Run | (2010-2013) it operated at

*Provide 2D resolution, using stereo layers +4 °C using fluorocarbon cooling system
associating back to back 2 microstrip detectors

(relatve angle of 100 mrad)

* Thickness: 350 or 500 um

° In Run Il currently running at =20 °C

*Analog readout

01 02 03 04 05 06 0.7 0.8 0.9




CMS,

Tracker: Silicon Strips
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CMS

Electromagnetic Calorimeter

* Lead tungstate (PbWO,) crystals BARREL ENDCAP

* Density: 8.3 g/cm?3
* Moliére radius: 2.2 cm °|n|<1.48 *1.48 <|n|<3.0

* Radiation length: X,=0.89
adiation fength: %o cm ~61K crystals in 36 SuperModules (SM) *~15k crystals in 4 Dees

*Homogeneous calorimeter

*2x2x23 cm? covering 26 X, * 3x3x22 cm?3 covering 24 X,
"High granularity and Compact calorimeter *Photodetector: Avalanche Photo *Photodetector: Vacuum
*Fast scintillation response Diodes (APD) Photo Triodes (VPT)
* ~80% of the light emitted in 25 ns

* Excellent time resolution PRESHOWER

*1.65<|n|<2.6

*~137k silicon strips in 2 planes
per endcap

*3X, of lead radiator

Super Module

ICNFP 2018 - OAC, GREECE, 4-12 JULY 2018
(1700 crystals)



CMS

CMS Preliminary 2017

9.8 fb" (13 TeV)

Electromagnetic Calorimeter
- Channel response changes with radiation  * my—> yy decays as prompt feedback E—’ oo
o short term (in-fill) variations o monitor the effectiveness of the é sano]

-2 inst. luminosity dependent
o long term drifts

laser monitoring (LM) calibration
ointer-calibrate the energy of

| ECAL Barrel
| m=0.03

4000

L B B L B L I

—+—data

— Fit model
Signal
Background

— integrated luminosity dependent ECAL crystals 2000 ]
o Monitored with laser light every 40 ot e
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CMS

Electromagnetic Calorimeter

ALIGNMENT ENERGY RESOLUTION

= affected by amount of material in front of the ECAL
*Relative ECAL-tracker precision meets

the ECAL alignment goals or electron ID = degraded close to the eta cracks between ECAL modules

and di-photpn resonance = significantly improved by dedicated calibration using the
reconstruction full 2017 dataset (blue) w.r.t. the EOY 2017 calibration (grey)
* 3x107 (¢ units) in the barrel = EQY 2017 calibration corrects only time dependent effects
* 6x103 (¢ units) in the endcaps
o CMS Preliminary 2017 426" (13 TeV)
e 1x103 (n units) in the barrel w 0.08¢ 8> 000 7 R B
* 3x1073 (n units) in the endcaps @ 0.07E —— simulation 2017 (25/fb) - “H5
* goal: 20x1073 in ¢, 4x103 in n units 0.06 Ea:’ :"" 201:_?"':“""" """""""""" =
. - . 0.05F e N =
*Preshower aligned within the resolution = + N, T
of the silicon strips (+0.055 cm) 004¢ | S e
0.03F : L A =

7/5/2018 ICNFP 2018 - OAC
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CMS

Hadronic Calorimeter

"BARREL 0 < |n| < 1.3 UPGRADED

* Sampling calorimeter brass absorber/plastc  HADRON FORWARD (HF)
scintillator tiles 29<In| <5 |zl=11m
* Hybdrid photo-detector (HPD) readout * Cherenkov light from scintillating quartz fibers, steel
absorber
Outer (HO) * Upgraded readout: new PMTs with dual readout (2017)

and upgraded electronics

: v'to better discriminate real hit from muon hitting the
* Tail catcher PMT window

* Scintillator layers ENDCAP (HE)
* SiPMs readout (since LS1)
"HPDs completed replaced with SiPM (2018)

* Qutside the solenoid

Ring 0 Ring 1 Ring 2
A T HCAL _HO —— . . . . . .
Tron v'Finer longitudinal segmentation is possible
MAGNET CRYOSTAT and COIL
3 v'Photo-detection efficiency increased by 2.5x

v'Source of coherent noise eliminated

Radius [m]

v"Much improved uniformity of response

TRACKER

)
\
|~ O,

1 2 3
7/5/2018 Distance [m] ICNFP 2018 - OAC, GREECE, 4-12 JULY 2018



CMS

Upgraded Hadron Forward gageemme= _________ww

10

TDC [ns]
T

+* Faster hits (< 5ns) come from
Normal hit particles hitting directly the MPT

_<I Anode 1 ** Normal hits are around 8 ns
Anode 2

Same charge between two anodes

10*

10

10°

10

|
(43}
TTTT
L}
"
[} [ ]
_| | ||||HI| | |\|HH|

i

0 500 1000 1500 2000 f2(5500
Noise hit CMS Preliminary 2017 13 Te arge [IC]
—~15 4
Anode 1 | - % ieta=30, iphi=1, depth=2 . TDC vs charge Of anode 1

m;-e - 5 = 10°
- ode 2 = 4 S

m-—— S 1.

Hit from particle(s) directly hitting PMT S 510

o
o

+s*Contributions around 1
are not consistent with hits
1" in fibers

Timing of hit earlier than normal hits :
Charge in one anode 0 -

. e , Charge asymmetry vs total charge
in 1 channel

15 N T T I AV N AV N A A I N B A B A A A
500 1000 1500 2000 2500 3000 3500 4000 4500 5000
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Upgraded Hadron Endcap

Comparison HPD vs SiPM

Preliminary 2017-2018 CMS Preliminary 2017
T 1.1 I T 1.1 | T 1.1 I T 1 71 | T 1 1 | T 1 1 | ™1 1 | 1 1 I ™1 1 l) L l LI | LI l L I LI I L | L I L
B ] S B
1200 - HPD, rms=0.22 — E = — QIE8+HPD readout -
B - SiPM, rms = 0.07 i _ccu B — QIE11+SiPM readout
| _ (&)
1000} — ‘S
B 1 c 10 —
B 7] O .
= 800~ - § ]
o B ] LC N
% B | 1
£ 600[— — _
c = ]
LIJ — p—
= — 1 -2 1 —_
400}— — 0 ' 1 ]
200}— — |
0 B R B R e " |
_1 _0'8 _0'6 _0'4 _0'2 0 0'2 0'4 0'6 0'8 1 10—3 Ll | L 11 | L1 11 | L1111 | L1 1 | 1 1 | [ | | [ |
(Q-<Q>)/<Q>, 0 01 02 03 04 05 06 07 08
Signal from €°Co (wire-source inserted into tubes Pedestal RMS [GeV]

RMS of pedestal integrated in a 50 ns window.
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CMS

Muon System

CONFIGURATION GOALS

*Drift Tubes (DTs) in the barrel (|n]<1.2) and Cathode Strip Chambers > Efficient pu identificat
(CSCs) in the endcaps (1.0<|n|<2.4)

* precision position measurements and trigger

*Resistive Plate Chambers (RPCs) in barrel and endcaps up to |77|<1.8

ion

» Robust stand-alone p-trigger for BX

»Improve high-p; . momentum resolution

N , assignment

* coarse position measurements and redundant trigger
CSC station ME4/2 and RPC station RE4/2 RE4/3 added in 2015 | [ | | T T T T T L w3
61.2<|n|<1.8 | 1 a1 ...
o Increased system redundancy =2 L1 trigger track met more often | ERTEE
—>trigger quality cuts with reasonable rate at higher luminosity J SIS § S RIS 7 ] o2
- 1 . . . I | A LN : = B
Gas Electron Multiplier (GEM) station GE1/1 Slice Test added in 20577 = 7™~ e
i Sokenoid magnet | E 20 154
o 1.6<|n|<2.2 in the negative endcap only === ERIRY
o Five chambers covering 50° in total = == L
o As a test before the full installation (foreseen LS2) 1 _; =
o Will work with CSC to reduce L1 soft muons trigger rates for HL-LHC | ks ;5; ------ e ﬂ """"" "1'2 20 0r

7/5/2018 ICNFP 2018 - OAC, GREECE, 4-12 JULY 2018



CMS

DT “new” Local Reconstruction

RUN |

* segments were formed by a
combinatorial pattern recognition

* assuming an in-time muon through
a chamber

* fitting the individual hits with a
straight line

RUN II: MEAN-TIMER ALGORITHM

* The time of particle crossing is a free
parameter in the segment fit

* Based on the DT geometry (half-cell
staggered layers) and almost
constant drift velocity

v’ Improved the 6 -ray rejection

v’ Improved position resolution

v’ Excellent measurement of the segment time

with ~2 ns resolution for in-time muons

v" It can be used to identify out-of-time muons, with time

v" Improved standalone muon performance is relevant for

searches of exotic particles
» Like massive particles decaying far from the
interaction point
» Possibly delayed w.r.t. the time of the interaction

delays up to ~ 10 bunch crossings, and improve their rejection

7/5/2018 ICNFP 2018 - OAC, GREECE, 4-12 JULY 2018




CMS

DT “new” Local Reconstruction

Performance of mean-timer algorithm on a J§ample of Run1 data
s=8TeV

. CMS H
Preliminary

[
QU

2012 data DT Segment Reconstruction Efficiency - whole barrel
CMS Preliminary 13.5 fb” (2017 data, 13 TeV)

L — Combinatorial 12

Sector

— Mean-Timer 11

10

DT Segm. Reco.
efficiency > 99%

Few exceptions due to

E%r} ﬂf![% ¥ known hardware problems.
i i

Muon segments / 4 ns
=
o

=
o
™

[+ ]

|

10%

=

[#+]

[3+]

1
-200 -150 -100 -50 0 50 100 150 200

-t

. & 0
Reconstructed time in DT chambers [I'IS] g é § E % 3 é § E g q é g é % 3 é § E %
> MB1 ” MB2 ” MB3 g MB4

* sharpening of the central peak due to in-time muons
* increased efficiency for out-of-time muons
* 50 ns spacing between BXs clearly visible on the right
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% Resistive Plate Chambers (RPC)

RPC-only segments:

NEW: Since November 2017 RPC-only : .
. : * improve overall BMTF efficiency by = 0.7%
segments in L1 Barrel Muon Track Finder P y By °
(BMTF) in MB1 and MB2 * reduce the trigger rate by 3% for barrel muons with pT > 25 GeV
(2 RPC layers present per station) (due to improved BMTF pT assignment)
o Before: DT+RPC segments, DT-only * Improve efficiency in the space between wheel up to 2%
segments (In| =0.25, [n| = 0.85) L
* No dependence on luminosity
_ 1.5,CMS Preliminary 2017 data (13 TeV) 5 CMS Preliminary 2017 data (13 TeV) observed
. o : Lip > 22 GeV. p, >25 GeV * Stable RPC performance of efficiency,
E C —&—— DT+RPC OR DT-only (L=4.3 fb™) E C —&—— DT+RPC OR DT-only (L=4.3 ft') . . . .
E 1.1: —=—— DT+RPC OR DT-only OR RPG-only (L-2.9 fb) E 11: m—— DT+RPC OR DT-only OR RPC-only (L=2.9 fb") bunch crossing d|Str|bUt|0n, cluster
I : ME orosawm  semarey
L 1 E 3
- e . . g S Shinalfs ol Shhd® S e ot 2 % - cMs _
Rl s E ' omn? [
e : 2 ]
0.8 0.8 s 107 E
: : —- B 3
0.7: . 0.7; 10-?-;— E
0.6 0.6 104:_ _
050_\ (. I50I 1 I100I L 1 I150I 1 IEOO\ [ \250\ (. I300 DSTI_DS‘ | L06| 1 |_04| | |_02| | |D| 1 |D-2‘ | ‘0-4| 1 |06| 1 ‘0-8‘ I WL ﬁl l ¥
muon p_(GeV) muon 1 10 -6 4 -2 6

Bunch crossing




=% Cathode Strip Chambers (CSC)

CSC Spatial Resolution - early 2016 pp collisions data - Vs =13 TeV, B= 3.8T

» Very high CSC efficiency <e>~97% vy [5 o

— e CMS Preliminary :“m'”“ s.nB:?:
. . L - " ME1AA A ST L ME1AB B et
» Very high CSC Trigger Primitive efficiency wom T : o, e e
wwo_| Otation “* | Ostation
> Stable time and spatial resolution within the w16 B o 22 M
design specifications of the system (changes = e

[] 0.05 0.1 0.15 0.2

r‘elated to atmospheric pressure) L ¥ e x O s 2 ST 005 X e

CMS Preliminary s s CMS Preliminary Enires e
120007 Std Dev “0.05329 220001 Std Dev 0.03605
. - = F x*/ ndt 1031 /61 20000 %2/ ndt 851.6/33
csc segment Recon struchon Eﬁ|6|ency (%) r M E2/1 Constant 1.199¢+04 + 2.395e+01 180001 M E2/1 Constant 2.062e+04 + 4.187+01
10000 Mean  2.771e-05 : 6.602-05 £ Mean  -5.823¢-05 +3.752e-05
- CMS Preliminary 2016 Vs=13 TeV, L=4 fb"’ ccen ter Sigma 0.03938 :+ 0.00007 16':‘:; edg e Sigma 0.02203 + 0.00004
c ME+42 8000—
% ME+41 soo0 Ostation
ME+32 F
5 Lo : 124 pm
& MEes22 2000, 4000
% ME+21 .8: 2000
8 ME+13 2502 015 41 056 0 085 01 IS 82 Wi 82570z 015 01 005 0 005 01 o i
T ME+2
=
g ME+11B CMS Preliminary ME'“"" nm CMS Preliminary E“:'mﬂu . n;ﬂ“:g
lean 1
ME+11A 12000 — Std Dev 0.05653 22000 Std Dev 0.03736
: E %2/ ndf 903.3/65 20000 %2/ ndf 1119/33
ME-11A 10000 — M E2/ 2 Constant 1.143e+04 + 2.256e+01 18000F- M E2/ 2 Constant 2.042e404 + 4.1sae‘.n1
ME-11B E Mean  0.0004355 + 0.0000707 m; Mean  0.0001872 : 0.0000372
C si 04243 & 16000~
ME12 wo CENter e oo tooowr | e0°  ojge [ [som omm oo
ME-13 C
ME-21 sooor Ostation
e 22 g 136 pm
ME-31 C
ME-32 o0 20005
ME-31 BT 01 005 0 005 01 Oiemoi 92 2502 015 01 005 0 005 01 015 02 025
ME-42 Strip width units Strip width units
0 o2 - 32 . . . .
Better resolution obtained for hits is near the
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o Muon reconstruction results well reproduced by Monte Carlo simulation
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CMS

Summary

¢ Before and during Run 2 CMS has started some upgrades of its detectors and
trigger system in order to get prepared for high luminosity

**»Upgrades have started showing performance improvements
o pixel dynamic efficiency, HF and HE upgrades, DT new local reconstruction, ...

+* So far, during Run 2 LHC has delivered collisions with peak luminosity
~2 10** cm>?st (Pile-Up > 55)

** CMS is running well with very good recording efficiency, high and stable
fraction of active channels

** Let’s take good datal!
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