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Our Mission

Identify
fundamental
particles

Discover the
fundamental
laws of nature

Understand
the
development
of the
Universe

Particle Data Group, LBNL © 2015 Supported by DOE
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Galaxy rotation curves
(1933 - Zwicky)

w

expected
from
_ luminous disk

Known Matter
4.99%

Dark Energy 68.3%0

® R (kpc)

~ 7 M33 rotation curve

Can we conclude from the familiar
to the unknown ?

Are there deviations from predictions ?
Need highest precision to be able to find out!
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The Standard Model

mass —
charge —

spin—

name —

Quarks

Leptons

Three generations
of matter (fermions)

2.4 MeVc?
Y3
v U

up

1.27 GeVic?

.C

charm

171.2 GeVjc?

t
%

4.8 Mevjc?

104 MeV/c*

4.2 GeVfec?

-5 =14 -%b
s b3 s
down strange bottom
<2.2 eVfc? l<0.17 MeV/c | [<15.5 MeV/c?
»Ve I.Vu 1.V
vn¥e flnVYH flnYr
electron muon tau
neutrino neutrino neutrino

0.511 MeVjc*
-1

105.7 MeW/c?

1.777 GeVjc*

il
v L
tau

In the standard model all particles are

mass-less.

Only through the interaction with the
Higgs field they obtain their masses.
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Gauge bosons

Four fundamental forces:

Proton

Electro-magnetic force
Strong force
Weak force
Gravitation
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Fundamental particles do not have any size.
Here the different sizes are just a grophical way to
show how different the masses are.
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.| Is the Standard Model the
% | ] . o

Important open questions:

* Why do the masses differ by more than 13 orders of

. )
magnitudes ? Strength of the force

* Do the fundamental
forces unify ?

* What about gravity?
Does a unified
“World Equation:
The Theory of
Everything” exist?

* What is dark matter ?
S 10 IS

* What is dark energy ? LogE (GeV)

ck

. o
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One potential solution: SUSY

Supersymmetry:

 Each elementary particle obtains a SUSY partner

Standard-Teilchen SUSY-Teilchen

Strength of the force

60 - 1/a,

° without SUSY

50 -

40 -

30

* There are different flavors of the
basic idea, which include a different
number of new parameters

20 -

1 E - with SUSY

1/a,
0 1 1 1 1 I 1 1 1 1 I ] 1 1 1 I 1 1 1

(0] 10° 1072 . 162
v Neutrinos have mass Energy in GeV
v Unification of forces
v Gravitation is included

v Lightest SUSY particle 2> candidate for dark matter

. o
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ngh -Tech in Global Collaboration

Kerstin Borras ﬁ‘:‘f

ALICE

= Point 2

* 27 km long
* 9000 magnets,

2000 super-
conducting

colder than outer
space

proton-proton
collisions

with 8 2 13 TeV
world record

Lead-Lead, as well
as proton-Lead
collisions
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in Global Collaboration

* Large: 21 m long, 15 m J, 14 000 t (> Eiffel Tower!)

* Micro: Tracking with hair-fine Si-strips and pixels with a premsmn
of 20 micro-m ' i

* Many: >5200 members, 1900 physicists, 1800 students,
950 engineers and technicians

* Global: 203 institutes from 45 countries

*One Goal: Find out what our Universe is made of !
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The CMS Experiment

— Tracker:
| ~1 m? Pixels (66M channels)

~200 m? Si microstrips (9.6M channels)
' Iron Yoke

tations of
on detectors

ECAL: Electromagnetic
calorimeter - 76K PbWO, crystals i
12,500 tons HCAL: hermetic Brass/

Scintillator sampling hadronic

21 mlong .
15 m diameter calorimeter
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Economist

When Lonesome George met Nora

H‘&é"é‘.‘ﬁtu“ / ‘A giant leap for

50 DOWN? SCie“ce 'f@

Higgs-Teilchen
offenbar entdeckt Finding the

Higgs boson

. &
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Proposed in 1964 by Peter Higgs and other colleagues.

Almost 50 years searches at many colliders with higher and higher
energies.

4.July 2012: Announcement of the discovery of a particle that resembles

the Higgs Boson at the

Large Hadron Collider

by ATLAS and CMS
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The Harvest of Run 1

N o ~3000 fb!
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Major Achievement: Higgs discovery and characterization
- Mass, spin, coupling, ...
Top Quark: LHC is a top quark factory
—High precision measurements: mass, decays, spin...
Searches for SUSY and other exotic particles beyond the SM
—->Many limits for masses and couplings set.
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The Present @ LHC
2010 - 2035

o . ~3000 fb!
® Peak luminosity —Integrated luminosity
6.0E+34 = 1 1 Em—
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vAg Year
%4 : new world-record energy and much more statistics

Opening the window to unexplored territories for much
higher masses of unknown particles and forces

New Physics

Dark Matter ? SUSY ? Extra-Dimensions ?

Precision measurements of the Higgs, top, ...

i a0
Kerstin Borras % FRANTH | CMS Status | August 2017 | Page 14

20 25 20 7




CMS Performance in 2016

CMS Integrated Luminosity, pp, 2016, s = 13 TeV CMS Integrated Luminosity, pp, 2016, s = 13 TeV ° LHC has exceeded

Data included from 2016-04-22 22:48 to 2016-10-14 11:49 UTC © Data included from 2016-04-22 22:48 to 2016-10-01 10:27 UTC DESIGN

: : L p— : : :

/ W LHC Delivered: 35.49 1 /| B LHC Delivered: 333! Luminosity
[0 CMS Recorded: 32,650 ' 35 0 T CMS Recorded: 30.8 0 '
: CMs Validated: 29.5 1 ' ° LHC has much
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ﬁ

Data validated for all analysis is ~95% of recorded

Date (UTC)

Goal for 2016 was 25 fb'! now almost 40 fb! on tape
Much more data to analyze! ©

. o
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Keep

watching

out !

Took only
less than
10% of the

data

expected for
Run 2 up to

2018 !

Searches for New Physics - Run 2

Excluding Dark Matter and Long Lived particles searches
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Show all

Heavy lon

Total Exotica Standard Model Supersymmetry Higgs Top Physics

B Physics

{
Forward Physics Beyond 2 Generations
587 collider data papers submitted as of 2017-02-13
{
{
{

Many Scientific Publications

More than 600
papers submitted

Run2:

>210 public results,
71 papers
submitted

Publication rate
steady at
~2.5/week

All information:

http://cms-results.web.cern.ch/cmsresults/
public-results/publications/
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CMS @ LHC: Status and plans

And Now ?

What next ?



Future @ LHC - Phase I Upgrade
2010 - 2035
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Upgrade

_ n=2.5
4 barrel layers

| h’TnernngS

Current
3 barrel layers

n=0 n=0.5

4 layers/3 disks (1 more space-point extended range from lower to larger radius)
» 3 cm inner radius

New readout chip (recovers inefficiency at high rate and pileup)

Less material (CO, cooling, new cabling and powering scheme (DC-DC))

- Tolerate rates up to PU 100
- Survive Integrated Luminosity of 500 fb-! (5x 10!°> neq/cm?)
» layer 1 exchange after 250 fb!
- Improved track resolution and efficiency, and reduce fake rate

Installation in extended Year End Technical Stop 2016-17 - Accomplished !
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Barrel pixel far side
+ Fpix mockup

il i -

i (.
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Full Phase 1 Challenges

New Level 1 Trigger Electronics (FPGA, micro-TCA, ...) - running ©
More flexible selection,
enabling correlations
Higher bandwith ...
New pixel detector - running ©
More layers in the barrel and the forward region
Better readout, able to run up to 2-2.5x103% cm™ s-!

Implement multi-anode feature of PMTs on Forward Hadron
Calorimeter (HF) - running ©

Reject spurious signals that produce false MET

Replace the sensors in the Hadron Calorimeter Endcap (HE) with
Silicon Photomultipliers (SiPMs)

Improved light yield compensates for higher than expected radiation
damage to the HE scintillator

More longitudinal segmentation

Several other improvements/Additions (GE1/1 muon detector
demonstrator, luminosity monitor replacement)

Replace the sensors in the Hadron Calorimeter Barrel (HB) with SiPMs
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Future @ LHC
2010 - 2035
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Challenges @ LHC

e

° Highest Energies — extreme particle flow
* Most Intense Beams _

* Pile up 20 - 50 - 200 - complex analyses
- Extreme radiation hardness of detectors
- Extreme high readout rate (DAQ, Computing)

Event display showing
reconstructed tracks and
vertices of a simulated top-
pair event with additional
140 interactions overlaid for
the Phase-II detector

* Need new technologies and clever ideas:
detectors, computing, analyses

. o
Kerstin Borras % FRANTH | CMS Status | August 2017 | Page 24



High Luminosity LHC

Physics Topics: Higgs Physics , Searches

10q
19.717(8TeV) + 5115" (7TeV) T 390?f.b..(...¢|wew_
ﬁ [TT] T T T T1Ir 'l T T T TTIrIr T T II'IIII T ] "_--“ I . PFFFeee_-—_r-rTTTTTT——T-TTTTrTTTTrTTTTTTyTTTTTTyY
— _ CMS ] a r CMS B Summary of CMS SUSY Projections with SMS
C:G t o 1k Projection t .-
\Uu? 1 3 3 o F WZ‘" 3 I s ciccovery: 14 Tev, 3000
3 t . ] » PP [ 5o discovery: 14 Tev, 300 5
16 [ | 68% CL D" ; I =68% CL : 1 AR WAL —- [ 952 cLlimits: 8 Tev _
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- |---SM Higgs -
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: 0 - ! |1 . mm
10°%E (M. £} fit 1077 _ e e e e 500
i =e68%CL E " E Probe *up to* the quoted masa Mass scales [GeV]
—95%CL | | i ]
10‘4 [T Laliien el 4 -4 | 1 1 NN TR vl
0.1 1 10 100 10704 1 10 100
Particle mass (GeV) mass (GeV)

Technical Proposal for the CMS
Phase II Upgrade:

* Physics motivation

* Detector Upgrades & Performance

* Core Costs
CERN-LHCC-2015-010 https://cds.cern.ch/record/2020886

. o
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g CMS Phase II Upgrades

Trigger/HLT/DAQ Barrel EM & hadronic calorimeter

* Track information at L1-Trigger « Replace FE/BE electronics

* L1-Trigger: 12.5 ps latency - output 750 kHz  « Lower operating temperature (8cC)
* HLT output ~7.5 kHz * Replace scintillator layers

Muon systems

* Replace DT & CSC FE/BE
', electronics

[ Complete RPC coverage in
/ ‘region 1.5<n <24

L ) S Muon tagging 2.4 <1 <3

‘ NEW:
Endcap Calorimeters MIP Precision

« rad. tolerant YQ \J 1“ | Timing Layers
« high granularity Y * Barrel

* 3D capability * Endcap

at the tracker

Replace Tracker :
periphery

Rad. tolerant - high granularity - significantly less material
40 MHz selective readout (Pt=2 GeV) in Outer Tracker for L1-Trigger
Extend coverage to n = 3.8

. o
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] HBRBX
|
{

////
////

. e
== gz d ‘
4 -

ovel Approach to Calorimetry
with particle flow

Key parameters:

* 593 m? of silicon

e 6Mch, 0.5 or 1 cm? cell-size

« 21,660 modules (8” or 2x6” sensors)
* 92,000 front-end ASICS.

* Power at end of life 115 kW.

System divided into three separate parts:

EE — Silicon with tungsten/Pb absorber — 28 sampling layers - 25X+ ~1.3 A
FH — Silicon with SS absorber — 12 sampling layers — 3.5 A
BH — Scintillator with SS absorber — 12 layers — 5.5 A

EE and FH are maintained at — 30°C. BH .

Kerstin Borras ;:

RTH | CMS Status | August 2017 | Page 27




EC Reconstruction: VBF Jets

CMS Experiment at LHC, CERN

Data recorded: Thu Jan 1 01:00:00 1970 CEST ‘
Run/Event: 1/ 101

Lumi section: 2

PFCmcld%toﬁO.
pdg = 22
pt = 44.70
. . eta=2.1
Reconstructed jet using current . ‘. phi = 1.101
CMSPandora algorithms *s PFCandidate 235,
Pdg = 130 Kiong
S — A o pt=19.14
> > < ° eta = 2.071
Ve H " pﬁ =1.045
wig . » = PFCanddato 211,
VBF (7.1%) %P e e e B P o2
ector boson fusion/ 3 P - eta=2120
. e ets 2, e phi = 1.127
One color per cluster A "'", i o PFCandidate 191,
; pdg = 130 kiong
. pt=127
ota = 1.998
< phi = 1.203
PFCandidate 167,
pdg = 130 Kiong
pt=1.09
genParticle 15, eta=2236
pdg = 2 i=1.252
pt=70.51 iz
ak4GenJet 0| | eta =2.143 PFCandicate 226,
et=9959 |[phi=1.113 pdg =22Y
eta = 2.163 pt=8.56
phi = 1.125 genParticle 6, gu! =2344
=2 E[x] | phi= 1.195
ela = 2.156 PFCandidate 186,
= pdg =22 Y
phi =1.125 e b
eta = 2.068

phi = 1.272

i /a8
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EC Reconstruction: VBF Jets

CMS Experiment at LHC, CERN g
Data recorded: Thu Jan 101:00:00 1970 CEST
Run/Event: 1/101 PFCandidate 170,
Lumi section: 2 pdg =22 Y
pt=44.70
be T . . . . etq =2164
x-ray” view of clusters with weighting by pulse height 0o phi = 1.101
PFCandidate 235,
pdg = 130
> pt=9.14
O eta=2.071
VBF (7.1%) phi = 1.045
ector boson fusio O PFCandidate 211,
o pdg = -211 TI-
) ot = 18,22
Multiple narrow shower cores clearly seen ;:512.33
. . Op =1.
that are not currently identified! o 4 PFCandidate 191,
Still room for improvement. g o ;::9= - 120 kiong
g ota = 1.098
° phi = 1.203
PFCmcIdat"e.;:'f.
pdg = 130
. pt=1.09
genPar!ldo 15, eta= 22*
A -
pt=ru.
ak4GenJet 0.| | eta = 2.143 PFCandidate 226,
et=9959 ||phi=1.113 pdg=22Y
eta=2.163 |[0  panicle 6 x;_szs:“
phi = 1.125 - = 2.
-E: 2 ml = 1.195
i PFCandidate 186,
ela=2.156 222Y
phi =1.125 VA p;9=3 2
- eta = 2.068
phi = 1.272

Kerstin Borras 3%, RAMIH | CMS Status | August 2017 | Page 29



Summary

e Overwhelming harvest from Run 1 Data
e Detector improvements in LS 1 paying off

e LHC with its Experiments is in discovery mode
o Extremely good LHC performance and data colllection

o Improved detectors, trigger and reconstruction algorithms
leading to high precision results

e 2015 & 2016 data in Run 2 delivered novel insights
e 2017 data taking in preparation
e Road to the future paved

e Phase I upgrades proceeding well

e Phase II technical proposal approved
& funding looks ok
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Summary

e Participating in CMS means:
o Exciting physics
e Employing and developing novel technologies

e High-Level training and participation of
engineers and computing experts

e Enabling technology transfer

e Being attractive for students and offer
international education

i a0
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/ Let's see,
what
Nature has
in stock for

us !

. o
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CMS Projects and Coordination Areas

CMS Management Board 2017

Advisors

Ex-SP: T. Camporesi Spokesperson Engag:?:gsomce Collaboration Board
Ex-TC: A. Hervé _ 1. Butler - r CB Chair
Advisors: L..A.T. Baruerdlck »H. Chen, Fe=— R. Carlin, G. Dissertori T J. D'Hondt
1. Golutvin, V. O'Dell, A. Santoro, Resources Manager S. Choi (Deputy)
A. Sharma, F. Sikler , G. Tonelli, A. Charkiewicz N. Hadley (secretary)
B. Wyslouch
| T 1
Upgrade Coordination = Technical Coordination Physics Coordination T I 1
D.antardo ) A. Ball 1. Alcaraz Maestre 1T U.S.A Italv
L. Malgeri, J. Spalding W. Zeuner S. Rahatlou e G. Snow R. Tenchini
Electronics Coord. M. Hansen Publications
GLIMOS N. Dupont B. Gary T | 1
Germany RDMS
. '_ A i T. Miller V. Matveev
BRIL L1 Trigger Tracker Trigger Communication
D. Stickland A. Tapper A. Venturi mr A. Bocci A. Petrill | ] |
A. Dabrowski E. Perez E Hartmann S. Gennai
U.K. France
[ T | PPD e D. Newbold Y. Sirois
CTPPS DAQ Muons G. Cerminara Conferences
1. Varela F. Meijers J. Hauser — M. Klute A. Meyer [ | I |
A. Colaleo Switzerland CERN
F. Canelli i
[ T T Offline & 1 T. Camporesi
Endcap ECAL HCAL | | Computing MB Secretary " |
Calorimeter D. Petyt P. Rumerio D. Bonacorsi Q. Ingram | ]
T. Virdee F. Cavallari J. Dittmann E. Sexton-Kennedy Non-MS Other MS
M. Mannelli K. Mazumdar P. Sphicas
Run
G. Rakness
— 5. Goy-Lopez Regional Representatives
S. Paramesvaran
L. Silvestris
Subsystems Coordinations
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How to join CMS

e Full membership

Full benefit of being a member of a state-of-the art scientific
community by taking part in technology development,
computing, and physics analysis

sign all physics and technical publications

eligible for leading and coordinating roles,
be internationally visible and
a global player in physics & computing

voting rights to determine the directions in the
collaboration

entrance fee 50k ChF
+contribution to Phase II upgrade (guided by the number of authors)
+contribution for maintenance and operation (~10k ChF/author)

i a0
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How to join CMS

e Cooperating Institute

envisaging full membership, maximal duration about 5 years

experiencing to be a member of a global collaboration by

contributing to technical projects and few dedicated physics
analyses

sign only relevant technical and physics papers

no voting rights to determine the directions in the
collaboration

no fee, no financial commitment,
provide funding to perform the own contribution

i a0
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How to join CMS

e Associated Institute

Collaborate with CMS on technical aspects like engineering
or computing, to the mutual benefit of both parties: for
example connection to high-tech development and novel
technologies,

attracting and educating students in these aspects,
attracting new funding for joined projects.

not involved in physics analyses and do not sign physics
publications

can co-sign technical publications

no fee, no financial commitment,
provide funding to perform the own contribution

i a0
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CMS

‘Compart Muon Solencss

Updated intake procedure for new institutions

contacts between CMS  MB is satisfied that SP/CB-chair/RM

management and new new institute meeting with new
formal letter from institute to SP institute to define presents to CB institute on entrance
expressing interest to join CMS engagement conditions
presentation of
\ SP informs MB SP/EO/RegRep new institute and
report to MB RM report )
exploration N MB meeting CB meeting ~» CB meeting
(informal) meetmg (or (vote)
via email)
International Engagement reply from new  CB chair & RM
Committee Office (EO) ms“;gjfnog AIjtter
Engagement formal letter from CMS RM to new . v
Office (EO) institute re'aques-t/ng'mf.o.rmat/on on SP commun/c.ates.
financial viability outcome to new Iinstitute

Cooperating institutes: follow-up by EO towards application of full membership
Associate institutes: follow-up periodically by CB chair (according to constitution)

The letters of the RM to the new institute are part of our constitution, and SP- &
CB-team, RM, MB-secr, EO-head finalized a new version taking into account the new
entrance conditions for new institutions.
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