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The Universe is very big (billions and
billions of everything) and often beyond
the reach of o‘ur minds and instruments

Big ideas-and powerfu‘l.mstruments have

enabled revoIUtlonar rogress
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Inducing the quark soup revolution

"”HLEQuark

TONs AND GAUGE P
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Quark Soup
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Inflation
Early burst of enormous expansion
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* Inflation

Early burst of enormous expansion
‘Baryogenesis
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WIMPs

* Inflation

Early burst of enormous expansion
‘Baryogenesis
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Quark Soup
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Quark Soup

Early burst of enormous expansion

Dark Engry esis
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Basic questions
about
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Basic questions
about
the very small and the very big

What is the dark matter particle?
or is that even the right question?

What is the nature of dark energy
and what is our cosmic destiny?

When did inflation take place
and what is the cause of it?

How did ordinary matter originate?

What happened before the big bang
and where did space-time come from?
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Our game
Find new particles/new symmetries/new forces?

Prove and confirm models

More questions

= Origin of Mass - Higgs boson(s)

particles, dark matter particle? ...

> The Unexpected !!

= Supersymmetric particles - a new zoology of

= Extra space-time dimensions: gravitons, Z’ etc. ?

Studies of CP Violation and Quark Gluon Plasma
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Our game
Find new particles/new symmetries/new forces?

Prove and confirm models
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= Origin of Mass - Higgs boson(s) v 4

= Supersymmetric particles - a new zoology of

particles, dark matter particle? ...

> The Unexpected !!

= Extra space-time dimensions: gravitons, Z’ etc. ?
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Physics capabilities and ObjectVesN |/1_

In pp mode, the physics potential comes both from the greatly increased enevgy and the
greatly increased luminosity, offering the possibility to access processes that up till now
have been too rare to be studied.

In PbPb mode, annual data collection rates are comparable to RHIC but there is a 25-
fold increase in centre-of-mass energy. A challenge is that PbPb running time is only ~1
month, so data acquisition rates need to be an order of magnitude higher than at RHIC.
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In pp mode, the physics potential comes both from the greatly increased enevgy and the
greatly increased luminosity, offering the possibility to access processes that up till now
have been too rare to be studied.

In PbPb mode, annual data collection rates are comparable to RHIC but there is a 25-
fold increase in centre-of-mass energy. A challenge is that PbPb running time is only ~1
month, so data acquisition rates need to be an ovder of magnitude higher than at RHIC.

The four major LIHC experiments together cover very different areas of physics.

- ALICE is designed for Pb-Pb collisions having very high multiplicities. In Pb-Pb mode the
LHC can deliver 8RHz of interactions, while in pp the maximum interaction rate the

experiment can handle is about 100 RHz.

- ATLAS and CMS are looking for rare processes in pp interactions, for which they need
the highest possible (luminosity.

- LHCD has been optimized for beauty decays requiring a very high “level 1" trigger rate
(around 1 MHz). By using the trigger to select interesting decay modes, this rate is

reduced to a final level trigger rate of around 200 Hz
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Detector Requivementy : Thes w

High Interaction Rate

+ pp interaction rate 1 billion interactions/s
4+  Data can be rvecorded for only ~1000 out of
40 million crossings/sec

=
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Detector Requivementy : The dftall_u/(L

+  High Interaction Rate
+ pp interaction rate 1 billion interactions/s 100

4+  Data can be rvecorded for only ~1000 out of o - ’.‘E"
40 million crossings/sec = O,
+  Large Particle Multiplicity = 0 g
+ large number of superposed events in each 40 2
crossing
4+ several 1000 tracks stream into the “ ——
detector every 25 ns 0y 50 100 150 200 550

+ need highly granular detectors with good
time resolution for low occupancy
+ large number of channels (~ 100 M ch)

Expected Fluences in CMS at 3 ab? z[em]

Tracker sensors that can withstand an

extremely high radiation environment

4+  Good track resolution in a busy environment What an event with 140 vertices looks

) ) ) like in the CMS track
+  Innovative triggering at level 1 to keep up K€ In the racker :

with the flood of data.
+ Level1 trigger decision takes ~2-3 ps
4+ electronics need to store data locally

(pipelining)
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Detector Requivementy : The deaH-U/(L

+  High Interaction Rate
+ pp interaction rate 1 billion interactions/s 100

+ several 1000 tracks stream into the
detector every 25 ns

+ need highly granular detectors with good
time resolution for low occupancy

+ large number of channels (~ 100 M ch)

le+14

4+  Data can be rvecorded for only ~1000 out of o ’.‘;
oo P le+16

40 million crossings/sec = | O

v

+  Large Particle Multiplicity = 0 g

+ [arge/numﬁer of superposed events in each 40 les1s 2
crossing

L S N e ———
300

50 100 150 200 250

Expected Fluences in CMS at 3 ab? z[em]

Tracker sensors that can withstand an

extremely high radiation environment

4+  Good track resolution in a busy environment What an event with 140 vertices looks
like in the CMS tracker

Challenge in photo-detection

~

+  Innovative triggering at level 1 to keep up
with the flood of data.

+ Level-1 trigger decision takes ~2-3 ps Challenge in silicon

4+ electronics need to store data locally

(pipelining)

Challenge in data collection / trigger

+ 4+ 4+ 4

High Radiation Levels

4 Require radiation hard (tolerant)
detectors and electronics
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Hadronw Colliders W (L

~ E . jprotfons

o

u
protons : — B WA
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e Protons are composite Partons (valencetsea quarks, gluons) carry longitudinal momentum fraction of
the proton (x)

o Longitudinal parton momenta are unknown

e Parton distribution functions (PDFs): estimate the momentum fraction carried by a parton inside the
proton
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e Protons are composite Partons (valencetsea quarks, gluons) carry longitudinal momentum fraction of
the proton (x)

o Longitudinal parton momenta are unknown

e Parton distribution functions (PDFs): estimate the momentum fraction carried by a parton inside the
proton

What do-we wont to- measure

o Count the Number of particles

e Event topologie

o momentum / Energie

e Particle identity

o Transverse Missing energy/momentun
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-

e Protons are composite Partons (valencetsea quarks, gluons) carry longitudinal momentum fraction of
the proton (x)

o Longitudinal parton momenta are unknown

e Parton distribution functions (PDFs): estimate the momentum fraction carried by a parton inside the
proton

What do-we wont to- measure

o Count the Number of particles

* Event topologie Can’t be achieved
o momentum / Energie with a single detector
e Particle identity

o Transverse Missing energy/momentun
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Hadronw Colliders W (L

protons . a; . protons
A%

e Protons are composite Partons (valencetsea quarks, gluons) carry longitudinal momentum fraction of
the proton (x)

o Longitudinal parton momenta are unknown

e Parton distribution functions (PDFs): estimate the momentum fraction carried by a parton inside the
proton

What do-we wont to- measure

o Count the Number of particles

* Event topologie . Can’t be achieved Integrate detectors
* momentum / Energie with a single detector to a detector system
e Particle identity

o Transverse Missing energy/momentun

12



13



Absorber
¢ Tracking
Chambers —
Dipole
Magnet

13



i
Dipole
Magnet

Trigger
Chamber
—_—

g

'; Sy _‘-',‘_" .

’l'!"‘,",‘ .“ i
Z I —
\ Wi i }’flf ’{”
i :-jr /

N
S
J v’ !' ,Hf.'f /| |' 4'
),’.'J.’!{'f{'h'( i \"!{'!{’h

SUPERCONDUCTING CMS
COIL [ECAL HCAL
Scintillating R
PbWO4 crystals Plastic scintillator/brass
sandwich

IRON YOKE

TRACKER

Silicon Microstrips
Pixels

Total weight : 12,500 t

MUON
Overall diameter : 15 m MUON BARRE ENDCAPS
Overall length : 21.6 m

Maanetic field : 4 Tesla Drift Tube Resistive Plate Cathode Strip Chambers (CSC
3 Chambers (DT) Chambers (RPC ) P (65€)




Absorber
.
¢ Tracking
Chambers —
Dipole
Magnet

Trigger
Chamber
—

SUPERCONDUCTING CMS . TR e ——
col ScirftiII:tiLng HCAL ATLAS /\ \ > ﬁ Weight: 7000t
PbWO4 crystals Plastic scintillator/brass Solenoid || CERN AC - ATLAS V1997

X Y \ \\ Forward Calorimeters
sandwich e \ \\ End Cap Toroid

‘T‘F’ e e L
IRON YOKE 'le,fl =

]
=

() 4
5 K8 =
Y]

TRACKER

Silicon Microstrips
Pixels

MUON

Total weight : 12,500 t ENDCAPS

Overall diameter : 15 m MUON BARRE \ \ -‘
Overall length : 21.6 m . o - T . My
Magnetic field : 4 Tesla Drift Tube Resistive Plate Cathode Strip Chambers (CSC) APl I Hadronic Calorimeters ing

Chambers (DT) Chambers (RPC )



The CMS detector : Physics object acc&sl |

Pattern Recognition

New particles discovered in CMS will be typically unstable and
rapidly transform into a cascade of lighter, more stable and better
understood particles. Particles travelling through CMS leave behind
characteristic patterns, or ‘signatures’, in the different layers, allowing
them to be identified. The presence (or not) of any new particles can
then be inferred.

Silicon

Electromagneti
Calorimeter

Hadron

Calorimeter Superconducting
Solenoid Iron return yoke interspersed

with Muon chambers

Tm 2m 3m 4m 5m
| | ] | ] ]

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




WV%Z/CMS oletectLb

3.8T Superconductlng Solen0|d \ B

Cou rtesyof A.
Abdelalim™ .}

Lead Tungstate | \ o 114 /, _ A Hermetlc (In|<5.2)
E/M Ca|or|meter (ECAL) o, | 4 Hadron Calorimeter (HCAL)
= - N RN [scintillators & brass]

Redundant Muon System "
(RPCs, Drift Tubes,

Cathode Strip Chambers)



PO -

Most front-ends follow a similar architecture :

*Very small signals (fC) -> need amplification and optimisation of
S/N (filter)

» Measurement of amplitude and/or time (ADCs, discris, TDCs)

* Several thousands to millions of channels needs time to decide to
keep or not the event : memory
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Interaction rate
~1 GHz

Bunch crossing
rate 40 MHz

LEVEL 1
TRIGGER
< 75(100) kHz

Regions of Interest

Pipelined-wmudtilevel-trigdeiml |

CALO MUON TRACKING

= Pipeline
memories

‘

Derandomizers

Readout drivers
(RCDs)

2
:

LEVEL 2 Readout buffers
TRIGGER (ROBs)
~ 1 kHz
Event builder
EMENLEI.LIER Full-event buffers
and
~ 100 Hz processor sub-farms
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Bunch crossing
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LEVEL 1
TRIGGER
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Regions of Interest

CALO MUON TRACKING
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Pipeline
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LEVEL 2 Readout buffers
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~ 1 kHz
Event builder
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~ 100 Hz processor sub-fal
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Data recording

Pipelined-wmudtilevel-trigdeiml |

Global Muon Trigger

,/p(mtn MIPfIS O bits)

L1 Global Trigger

- Calonmeter Trigger Muon Trigger

= | HF HCAL ECAL RPC CSC DT

B TRk l .
v R !

> Calonmeter tﬂg
- Pattemn |
& fcomparaton DT Track
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Pipelined - mudtilevel-trigdelml \_

Interaction rate

-1 GHz CALO MUON TRACKING , Calorimeter Trigger Muon Trigger
=
Bunch crossing ~ | HF HCAL ECAL RPC CSC DT
rate 40 MHz -- = 4 I ol Fim_al
e 4 Pipeline v Regonal
LEVEL 1 memories > Calonmeser tr
TRIGGER 3 o —%
< 75 (100) kHz —* - : [romparator DT Track
. 3 Soba Flnger
Derandomizers v Calonmeser
Regions of Interest ' ; ; Readout drive = \ el il 4u
(RODs) - . -
o .
LEVEL 2 == Readout buffers - Global Muon Trigger
TRIGGER | (ROBs) h-
¢
- 1 khz a 4 . (with MIPISO bits)
Event builder a

-+

L1 Global Trigger

Full-event buffe

and max. 100 kHz LT Accept \

processor sub-fai

XXX,

Data recording

40 MHz LVL1 100 kHz (LVL2+LVL3) 100Hz

synchronous asynchronous
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4 Teslar
Superconducting

Plastic scintillator/brass
sandwich

Scintillating PbWO4
crystals

TRACKER
Silicon Microstrips

Si Pixels

| MUON BARREL

V. s

Drift Tube
M Chambers ( DT)
/4 Resistive Plate Cathode Strip Chambers (CSC)
2 Chambers ( RPC) Resistive Plate Chambers (RPC

Diameter: 15 m
Weight: ~12500 tons
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CMS solenoid - largest in the wor | |(L_

all 5 coil modules finished in 2004
assembly in CMS hall, Jan. 2005

Insertion of coil in vacuum
tank 1n September 035

Cululululudel s.c cable: all 21 lengths (53 km) finished in 2003

19
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> The Silicon CMS tr:

24 m

210 m? of silicon sensors
6,136 thin detectors (1 sensor)
505 ectors (2 sensors)

Support tuk 'onics channels
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The Silicon CMS tr
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The Silicovw CMS tracker Wl |(L_

Pixel - detector
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The Silicon CMS tracker Ml |(_

Pixel - detector
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racking and Vertex Pevformoiicel |(_

Excellent final tracking pevformance for physics
And excellent muon triggevr!

L=3.0fb" (Vs =13 TeV, 2018)

> Trigger paths
3 CMS K
©C 10°F preiiminary —-—
.
n
r— 103 8, R , CMS Profiminary L=30m" (Vs=13 TeV, 2018)
g Y 3 :
80000
> 7 Y BN low mass double muon + track § E ﬂ o =82 MeV
w 10 double muon Inclusive < 700001 + vyt
- } Wupli<id
§ e0000-
z saooo)
20}
10000
¢ 3 95 10 105 11
p*u’ invanant mass [GeV)

lll A A A llllll

1 2 s 1 a3l
1 10 10°
u*u invariant mass [GeV]
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CMS

tlectromagmnetic calovinvetenl | _

Homogeneous Lead tungstate PbWO4 crystals
Fast scintillation response, excellent time
resolution
about 80% of the light emitted in 25 ns
Compact & high granularity [\
Moliere radius 2.2 cm \
Radiation length X, 0.89 cm \

~  Barrel crystals "\

Pbl'Si;pre‘sh'cé\.uer' o g,

Barrel Inl<1.48: N
~61K crystals in 36 SuperModules (SM) \ O\ R
2x2x23 cm3 covering 26 X, '
Photodetector: Avalanche Photo Diodes (APD)

Endcap 1.48 <Inl<3.0
~15k crystals in 4 Dees
3x3x22 cm3 covering 24 X,

Photodetector: Vacuum Photo Triodes (VPT)

Preshower 1.65 <Inl<2.6
~137K silicon strips in 2 planes per endcap x , i
3X, of lead radiator w7 -\ T . -

ECALbarrel "

By

Endcap “Dees” ~
Barrel with “supercrystals”
Super Module (5x5 crystals)
(1700 crystals)

No longitudinal segmentation

Energy resolution for electrons impinging on the
center of a 3x3 barrel crystal matrix from Test Beam
(no upstream material, no magnetic field, etc...)

Op _ 28% . 0.128

22 = @0.3%
E +E(GeV) E (GeV)




= Hadvon

Ring 0 Ring 1 Ring 2
Iron
MAGNET CRYOSTAT and COIL
34
HCAL-HB
2

 ECAL-EB )

« HCAL Barrel (HB) 0<|n|<1.3 and Endcap (HE) 1.3<|n|<3

Sampling calorimeter, alternating layers of brass
absorber and plastic scintillator tiles.

Hybrid photo-detector (HPD) readout
with wavelength shifting

e Outer (HO): Outside solenoid

HE side view Tail catcher with scintillator layers
Fiber bundles  Each calorimeter tower has two PMTs: one HPD readOUt
PMTs Light guides reading bundle of LONG fibers, the other

SHORT fibers (143cm), for some EM/HAD

Readout Box separation « Forward (HF) at |z|=11 m: 2.9<]n|<5

e T — Cherenkov light from scintillating quartz fibers in steel

S e | R absorber
_— S, -, BB read out with conventional PMTs
e H— I

= ‘- i  Stability of photo-detector gains monitored using LED
- _i system
N e | » Pedestals, and signal synchronization (timing) monitored
o W e | g ‘ using Laser data
\JI rrvvvvvver |
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MuowSystenwv LV

* Drift Tubes (DT) n|< 1.2

« Cathode Strip Chambers (CSC) 0.9<n|< 1.2
(MWPC)

1 CSC has 6 layers, strips measure 1-¢,

» Resistive Plate Chambers (RPC) n|< 1.6
Double-gap chambers in avalanche

GND
‘

4 stations/wheel
cell 42x13 mm?2
gas mixture 85% Ar, 15% CO2

drift velocity ~ 55 um/ns, maximum

drift time ~ 400 ns

Time resolution <3 ns, spatial ~100 um

wires radial

gas 50% CO2, 40% Ar, 10% CF4

4 stations subdivided in rings

Time resolution ~3ns, spatial 50-150 um

mode

gas 95.2% Freon, 4.5% 1sobutane
Triggering redundancy, time resolution <

3 ns (spatial ~ 1cm)

v
.

/

RPC Up

RPC Down

particle

Backward roll

Elcctron
multiplication

I 2-mm-thick bakellte plate

] 2-mm-thick gas gap

HV Al foil G R

= Readout strip

chamber

I I |
1’/’{ e l‘
/ ",‘

R (m)

1 |"\l 1 l“.l Ll

| Y

lonizing  Detecting strips




CMS

o 10 ViHs Det?"m’s‘;; 16 Million channeug%-U/(L

COLLISION RATE 3 Gigacell buffers

100 kHz
LEVEL-1 TRIGGER

1 Megabyte EVENT DATA

1 Terabit/s
(50000 DATA CHANNELS)

200 Gigabyte BUFFERS

500 Readout memories

EVENT BUILDER. » large switching

network (512+512 ports) with a total throughput of
approximately 500 Gbit's forms the interconnection
between the sources (Readout Dual Port Memory)
and the destinations (switch to Farm Interface). The
Event Manager collects the status and request of
event filters and distributes event building commands
(read/clear) to RDPMs

5 TeralPS
\ EVENT FILTER. it consists of a set of high

/q( performance commercial processors organized into many
farms convenient for on-line and off-line applications.

| The farm architecture is such that a single CPU

processes one avent

500 Gigabit/s

e élgg

)
, I
Gigabit/s SERVICELAN | Computing services] Petabyte ARCHIVE




CMS data flow and on(off) line computing

Tier 0

50 TeraFlops

To regional centers
bit/s

» Remote
: == control rooms
Point 8 e
oS Controls: v = ATLAS ALICE

' 1Gbit/s - Point 1 =z, Point 2

High Level Trigger i Events Data: - T
10 TeraFlops gl i e

? |

geeco M T ——L LI ] CMS

Point 5
Run Builder Networks B!
Control Manager

~ Trammwwf, 7
Symemsi I == LI Tsr——
—f:J

10 Gbit/s




Real time filter

: ! CERN computing
Trigger and selection

Level O

0.1-1.5 GB/sec BEMIED
~40Gb/sec
Level 1
/ \12 5 Gb/sec
Level 2

1-10 Gb/sec

Level 3 1 u&

1 PB par an



The Worldwide LHC Computing Grid .




WLCG:
An International collaboration to distribute and analyse LHC data

Integrates computer centres worldwide that provide computing and storage
resource into a single infrastructure accessible by all LHC physicists




The Worldwide LHC Computing Grid

Tier-2 centres
(about 130)

noge 1ier-1 centres
Nordic countries GridKa
gl -~ : Germany
BNL 75
us #'~. . , RAL
\ / 1 UK

-~ ’ -

PIC ! .
Spain ¥ =

CCIN2P3 -,
France

g
SARA-NIKHEF
Netherlands TRIUMF

WLCG:
An International collaboration to distribute and analyse LHC data

Integrates computer centres worldwide that provide computing and storage
resource into a single infrastructure accessible by all LHC physicists

Sl



The Worldwide LHC Computing Grid @

Tier-2 centres
(about 130)

Tier-0 noce 11er-1 centres

Nordic countries GridKa nearly 160 sites,
(CERN and Hungary): g~ _Germany 35 countries
data recording,

BNL gl
us #'~, . , RAL
reconstruction and \ ’

UK

bodindeds ¥ ~250"000 cores

distribution :

Tier-1: permanent PC o - 7 173 PB of storage

storage, re- DANES 3

processing, conzp3 e

1 France

analysis v, > 2 million jobs/day
SARA-NIKHEF
Netherlands TRIUMF

Tier-2: Simulation, ,

10 Gb links

end-user analysis
WLCG:
An International collaboration to distribute and analyse LHC data

Integrates computer centres worldwide that provide computing and storage
resource into a single infrastructure accessible by all LHC physicists
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\\% Si Strip Tracker

Lower operating

ICHEP 2018

 Pixel Detector 7

| upgraded in 2017 - // m

| replaced some | .
"1 . . "Hadron Calorimeter |
electronics in 2018 ul |

Y / e !/ | Replaced HPDs—SiPMs |
Y ./ =/ = | i | & -

' Yin Endcaps %
/ Fad Hadron |

CMS Detector Performance

Calorimeter |
| upgraded in 2017 |

[ {
h XN =
= ! S TS L -
> \
\ = I
L/
% -
: \ L/
¥~ .
- \ N £
4 h
N\ \ ¢ T~ e
\ \ d {
\ A
o
y’ )
-
~\
—— - - *, ¥
G %
5

Muon Detectors
Drift tubes (VME — pTCA ROS ¢ f ' |
A ~H : - // Major upgrade of L1

‘ trigger done by 2016

Resistive Plate chambers

'Cathode strip chambers | ,. v
'GEM slice test (GE1/1) | "; N Triggerin 2018

- | \ L1 hardward ~100kHz
" HLT software ~1kHz

Lucia Silvestris (INFN-Bari

N



> Level - 1 Trigger upgrade S| |(L_
CERN-LHCC-2013-011
New hardware! (CMS-TDR-012)

Limited number of boards.

Calorimeter Trigger Muon Trigger

[ ECAL [ HCAL ] [ HCAL J [ CSC ] DT ] [ RPC J
[ = HB/HE uHTR HF uHTR =

Ambitious plan assume T T

parallel running of a

C LB i
(part of) new system , — ] * [ e ] =
in 2015. Full — | [ spitters | I ‘
replacement = v v aa

'S ™

New SC

2015/16 YEST . ]
Global Trigger: l

Calo Trigger Layer 2
- more algorithms, J— -
- flexibility §¢
Calorimetry: &
- iIIlpI'OVCd algorithms, granularity, tower-level precision, pileup subtr. L @Q
Muons: [ Global J *)b
- 3 partitions (Barrel,Endcap,Overlap) oy
- explore the available information at early step of triggering. &Q

S

Currently independent candidates from DTTF, CSCTF, PACT merged at GMT S

31



% L1 Trigger upgrade L

Larger FPGAs, finer granularity

o Level1 trigger rate limited to 1kRHz, input, high speed optical (inks
4us latency by detector readout.

o Mitigate through improved:

o muon triggers: improved p. pr
resolution w/ full information
from 3 systems in track finding,
movre processing

o calorimeter triggers: finer
granularity, more processing
means better e/y/u isolation & jet/
resolution w/ PU subtraction

o Increased system flexibility and
algorithm sophistication

32



CMS%

o Level1 trigger rate limited to 1kRHz,
4us latency by detector readout.

L1 Trigger upgrade L

Larger FPGAs, finer granularity
input, high speed optical [inks

Trigger efficiency @ 2103* cm2y?

o Mitigate through improved:

e muon triggers: improved p pr Channel Current Upgrade
resolution w/ full information W(ev),H(bb) 37.5% 71 5%
from 3 systems in track finding, W(uv),H(bb)  69.6% 97 9%
nmore processiig VBF H(te(ut) 19.4%  48.4%

o calorimeter triggers: finer VBF H(tt(et)) 14.0% 39 0%
granularity, more processing R .
means better e/y/u isolation & jet/ VBT Himdrm) 148 0/0 50'10/0
resolution w/ PU subtraction HNKERIEEIIE SIS st

0 0
o Increased system flexibility and HWW () 89'30/0 99'90/0
algorithm sophistication F(WW(epvv)): [80.9% B
HWW(uevv)) 90.7% 99.7%

32




[ J [ J [ CM\S\
NN Tracker: New Silicon Pixel Detector T
IIIIIIIIIIIII \\\\ \\
Upgraded Motivation for upgrade:
Outer : e
. 0 ros i LS ./'F;Oemngs In Phase 0 pixel dynamic inefficiencies /
0o s dead time caused by limited size of
~Jm
s Hnerings  raadout bandwidth, affecting detector
.0 Ccm /// 4—/ . .
2.9 cm performance for high instantaneous
. 00em L = luminosity
4.4 cm O
7.3 cm
\ \ \ EMSIPrebmnarySknwanon' S
10.2.cm n=2.5 ’?‘ 03 @I Phase O pixel detector
Original \ \ — e  Phase 1 pixel detector
n=2.

q: 1.0 f]=15

Upgraded pixel main characteristics:

« One additional barrel layer and forward disk
* Inner most layer moved closer to the IP
Outer most layer moved further from the IP

Higher rate capability

Increased number of channels
Reduced material budget

Phase 1/ Phase 0

Increased tracking efficiency (especially at high |n|) , reduction of fake
rate, improvement in impact parameter resolution

ICHEP 2018

V)
(8
c
(]
£
L S
(o)
T
(]
o.
S5
(o)
U
()
i)
(]
(@)
172)
=
&)

Lucia Silvestris (INFN-Bari)




¢cnvvn ECAL Performance in 2018 CMS

Istituto Nazionale di Fisica Nucleare
Sezione di Bari

— CMS Preliminary 2018 13.9fb™" (13 TéV)

» L L L L L B &
Commissioning 2018: ® [ ECAL Barrel 4 data ]
. . Q- 120001~ 1 = 0.03 — Fitmodel
« New optical links to CMS DAQ for faster data = LT AL Signal ]
transmission from ECAL FEDs ©ooo0- T Background
* automatic recovery of front end errors for é 2000l E
trigger and data links 2 :
6000_— ]
. . S A I S ]
Stability of the relative energy scale measured from N et :
the invariant mass distribution of 0 = yy decays in 20001 " ]
_I J--T“I‘I 11 | 11 1 | 11 1 | I”;..T--L LoJ_ 1 L | J_

Barrel 0908 0.1 012 0.14 0.16 0.18 0.2

* continuously monitored via automatic prompt vy invariant mass (GeV)
calibration tools

<10’ CMS Preliminary 2018 05 b (13 TeV).

. § 40 ;_ o Before Alignment _;
AI |g nment 8 35 « After Alignment —
. . o _t E ]

e ECAL and Pre-shower (ES) aligned using s 301 A =
. . 0 - Oe 0% -

2018 data, after opening/closing CMS E 25 oe 8% E

e Information is used to tighten the < 205_ E
identification cuts for electrons at HLT N3 E
0F THER :

. 0 = el AR BN i L | "“u“m“ [ =

Ax of the ES energy deposits wrt the tracks before -1 08-06-04-02 0 02 04 06 08 1

ES -Front, X-Residual [cm]

and after alignment.
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INEN Tracklng and b- tag performance in 2018/

o0
E
Istituto Naz Sezlulne'filFBan /4 \\ / 8 N
o.
o0 L=3.0fb" (Vs = 13 TeV, 2018) T
> 10 % Trigger paths (@)
8 oF CMS - -
= 10" preliminary Iy
P = Jhp —
4+ 8 B,
C 10°
o) = Y o
. > B Y I low mass double muon + track Vv
* Very good tracking performance 10" double muon inclusive g
i 10°E Z E
for physics : :g
i 10°E
* ...and very good muon trigger 3 9
performance tool 10° g
| 1 03 ;E 3
. CMS Preliminary L=3.0fb" (Ys=13 TeV, 2018) E T T g
3 0000k 1 10 102 )
G 80000 — .. .
R W(1S) o = 82 MeV w'w invariant mass [GeV] | 5
S 70000 p_(u*w) > 12 GeV
P - ly(wi)l < 1.4 . - S
§ 60000 —
g F Track Impact parameter “ —
50000 m I V=18 TeY ’E
E 1‘)(25) "é' 1o CMS o { 2018 May-June | o
40000 — Preliminary E 1
- Y(3S) E Multijets Bl Fun 2017 - E
30000 — 5 L[ AK4jets (50 <p< 250 GeV) B >
- < 10 ! = =
20000 — g
— -3 ofud
10000— N 10 o
.................. S
0 9 95 10 105 11 107 2}
utu invariant mass [GeV] 0
e — © 15 T L D S S LSS0 ST SS S ST S SSSR ST TS S aa v
é E @9, 00R @ ® E 3
R 1 '§§§§ N i’“‘t Feves c8°06%08454%005600u4u000 700000000000 00000 0009096000%40,0%0020%000000502 o ..E
S E

=30 —20 —10 0 10 20 30
3D IP significance of tracks




INFN | f CMS /| Kz
(NN Electron pertormance B
Sezione di Bari \\ \ m
L
-
Loose electron ID v
1 Zee Iinvariant mass -
42.6 fb" (13 TeV) 2017 .
> T 5 ———— comparing 2018 w/ 2016/17
c - CMS —e— 0.000 <1 nl < 0.800 — ()
2 12 > ——e— 0.800 <11l =< 1.444 -3 3
= " Preliminary —e— 1.566 <l nl < 2.000 1< 300 x10° 166" (13 TeV) 2018
- —e— 2,000 <Inl= 2500 1 - R
= = § ° — || D B Events with two tight electrons 7
a N ————t— : — O i F,(,%,Ma% with p_ > 35 (25) and In/ <2.5 i
0.8 —_— 1 ; 250[~ ]
= $ J = B i
D e GCJ [ —— 2016 Data i
0.6 = ° 10 S 200— _
- 1 LL B —— 2017 Data i
0.4 — —3 | —e— 2018 Prompt Data -
- L 150~ —
2= — B ]
o 01 JE : = | 2016/2017 Data normalized |
E "E 3 100 to 2018 number of events ]
S 105 l -3 B i
© - 3
()] — i 5 — -
T crrrre TOUUUR U UR U a— N ]
- f&- ¢ - S0 -
0.95 [— —= L _
0.9 ;— —; » I | 1 "
0.85 3 (}O 80 90 100 110
= . e 1 3 m Vv
0.8 20 30 40 50 60 70 100 200 300 400 500 ee [Ge ]
p_ [GeV]

1: Good electron identification efficiencies in 2017 dat
and well modelled in simulation

e ———— - ————

Lucia Silve:
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@ HCAL Upgrade in 2018 X

Sezione di Bari

o
F
o
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o
i
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O

18 17 16
FEE 9
19 o
20HH- I Ny S
2101 H Alj T £
221 aly TR £
23( 1% e Rl
Sl 2016 L T g
25 T S0 o
26 e &
28 i - o
s | = 0 Q
17 g ]
29 z
C
L7 B = A RA AN RS LS RERRN RRARE RAAE RS RARRS RARES v
The upgraded HE is running stably = T
_(CU HE 201 8 —— HPDs, MC N
et o — HPDs, local run B E
Several benefits with the upgrade: 5 [l SiPMs 3
- : § i E :
- Eliminated progressive HPD damage R HB 2018 : <
: . T [} i 2
- Increased photo detection efficiency by x2.5 - HPDs y =!
L . L72)
- Extend longevity of HE till the end of Run 3 L i =
T : - E o
- Increased longitudinal segmentation - . 2>
L : i ) 7
- Add per-channel timing information I I P
B _ v
- betterS/N (egforMIP) IS R | PPN | S P P B "Ij]n"m 3
1% "01 02 03 04 05 06 07 08 09 1
Pedestal RMS [GeV]

Y
(=)




. cMms./ | B
NN M Detectors Perform 2018 | E
C uon pvetectors rerirformance in Al 2
7 - T
Muon operations proceeding smoothly with good fraction of active electronics channels 5
CMSPreIlmlnary | | 1031 (2018data 13 TeV) r s e or s s ar es s 3 y
3 1.02 E E : 2" 84..3" 78..6" 73..1 ° 67..7" 62‘.5‘7 57..5" 52..8" 48..4° 44:3° 40..4° 36..8" n e
g [ DT segment efﬁClency S L e S R e R
tg 1 ‘_ : ' : : : i i e . 'l,,x”"‘"R"csE 1.3 305° 8
DT readout system $ m - =
% 1 e | 142170 ©
upgraded from £ o0 ° L exr K2
o sie .+ e
VME_’HTCA % 5 M — 16 228° o
510.96 17 2070 ‘E
5 l0.95 — 4 ERGOa o
Excellent performance !! osell e .| s°'f"°'“m’9“°‘ | 3 §j’ 1§;§Z §
: BRI O
: ; :::; — 30 57 a
0-900 2000 4000 6000 800D 10000 12000 14000 16000 18000 20000 B I R 40 21° E
instantaneous luminosity (10 * cm2s™) 0 Sﬂ““ 1 ’f,f" T o T : 1‘2 5.:(:)1;.7)7 u
ih- — o— : s — — i'-—j
| Detectors performance (local h|t & segment |
| eff|C|enC|es resolutions) are in agreement with 2017 ” S/ CSC Spatial Resolution
‘ _———eem—em e e e == ——————— S ————— 4( 160 L.
4 Tago |y PR R T .
' 1210 fb" (13TeV) \ g ® . o
E 1§—I CMS 'E.:Im“ 1%;:3;1—3 '§120 """"""""""""""""""""""" [
‘_g“ | Erelmnary RMS 008873 | 100 [ A
210"} e *
< : -% 80 [ pp13TeV |
, S0l x 2017 (11 fb)
Good bunch crossing 10 £ : * 2018 (5 fb)
: : : @ a0 | SN PSS NSNS SSS SSSS—. SS_— NS_—_—T_——_— -
assignment in the trigger q
TR T R S [PY OO SN SR NN MRS WU A S SN S SUU S
based on RPC hits f | CSC spatial resolution within 40-140 um
10—4 ) 0 ME1/1a ME1/1b ME1/2 ME1/3 ME2/1 ME2/2 ME3/1 ME3/2 ME4/1 ME4/2
e 0 Bur?ch c:ossirfg chamber type
-




LHC ATLAS and CMS upgrades -U/(L

—-— ~—

— o o o o o -
| 150 fb! : e | HL-LHC (Until 2035) |
. . 300 fb! 1 i
[ 10% cmrs I : 2x10%* cm2s? I Phase 2 : 3000 b 0
I—<—M>_~EO______}b_ <u>~80 : i L=7.5 X1034 Cm-ZS-l :

(T —— [ ~
13-14 TeV 14 TeV Upgrade <K .;2_02_________1
run 2 run 3 14 TeV

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 -m

gwf’ig’\‘\‘; Run 1: 20 collisions ----=-=---- > HL-LHC: 20
| o > 7] S

R > NN . , LIS %
AN
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R N o - — -
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Detector challenges:
* x 10 more radiation (~ 10'®neq/cm?; 10 MGy )
e X 10 more pile-up
- Runl: <U>=20 ;<Npyj iets pTs306ev= ~ 0-04
- HL-LHC: Y ( <p>=200 ;<Npy iets pTo30600> ~ 74

X185

39



LHC ATLAS and CMS upgrades -U/(L

1150 I 1 300 fbt i 1 I
11034 cm2s? ! i g | Phase 2 1 3000 fb
|< 50 }‘b- | 2x10°* cm™s ase 1, 34 9.1 :
13-14 TeV 14 TeV Upgrade |_<_lJ;>_.;2_()2_________JI
run 2 run 3 14 TeV
g 2035
XA Runl: 20 collisions  ----------- H

L I P
NI T

S QN \ .
”/\\ é”«?""‘ o ’ ’\\"»’l g '. '\ . YAD 3"’; b NN O <N X L - "
RS \ L / Jre ¥ ";':,v ® * S PN o.," L ‘e
Z > O X \\ \!ﬂ’"’}o e A A N 5
Detector challenges:
* x 10 more radiation (~ 10'®neq/cm?; 10 MGy )
e X 10 more pile-up
- Runl: 10 ( <U>=20 ;<Npyj iets pTs306ev= ~ 0-04
- HL-LHC: <U>=200 ;<Npy iets pr>30Gev™ ~ /-4

. "
S A L A N

X185

Upgrades needed to:

- keep performance (tracking, b-tag, jet/Etmiss,...)
. Trigger rates acceptable with low P rthresholds

39

key issues: radiation tolevance and detector occupancy




