UP QUARK

9000000000000
LIGHT HEAVY

UP QUARK

EPARTICLEZ 0

The UP QUARK along
with the DOWN QUARK,

ANTIUP QUARK

Acrylic felt with poly, fill
Jfor minimum mass.

$9.75 s

DOWN QUARK

9000000000000
LIGHT HEAVY

DOWN QUARK

EPARTICLEZ 0

9000000000000
LIGHT HEAVY

TIEO!

No, it is not a carrot! The
DOWN QUARK along
with the UP QUARK,

ANTIDOWN QUARK

Aerylic felt with poly fill

Jor minimum mass.

$9.75 wsm

9000000000000
LGHT HEAVY

CHARM QUARK

Heavier than a strange
quark, but not as heavy
as a bottom quark, the

CHARM QUARK was

0000000000000
LIGHT HEAVY

CHARM QUARK

EPARTICLEZ 0

$9.75 wwssumm

STRANGE QUARK

Acrylic felt/fur v
poly bead fil

ANTISTRANGE QUARK

Acrylic felt/fir with

0000000000000
Ll HEAVY poly beads for
‘medium mass
STRANGE QUARK
SPARTICLEZ0 $9.75 russorm:

SPARTICLE 00

TOP QUARK

0000000000000
LIGHT HEAVY.

TOP QUARK

EPARTICLEZ 0

Discovered at Fermilab in

e TOP QUARK

BOTTOM QUARK

0000000000000
UGHT HEAVY

BOTTOM QUARK

EPARTICLEZ 0

0000000000000
LIGHT HEAVY

Acrylic felt/fleece
with gravel fill for

mazimum mass.

$9.75 i

Aerylic felt/fleece
with gravel fill fo
mazimum mass.

975 e

SPARTICLE



ELECTRON

DOC00000000
HEAVY

ELECTRON

EPARTICLEZ '0

9000000000000
LIGHT HEAVY

ELECTRON-NEUTRINO

EPARTICLEZ0

9000000000000
LIGHT HE)

deteet. Traveling ¢
the specd of light, he is the
most pe

matter in the universe
Trillions of neutrinos are

gh

Comes with a removable
no-nukes police badge.

9000000000000
LIGHT HEAVY

The POSITRON is
the antiparticle to the
electron. It

of 511 MeV. Antimatter
can be described as the

Acrylic felt with
pols, fill for

minimum mass.

$9.75 nesvmc

The ELECTRON-
ANTINEUTRINO is the
antiparticle to the
electron-neutrino. In
beta decay, the weak
force converts a
neutron into a proton
while emitting an electron

i fell, vinyl, poly-

for minimum mass.

98000000
GHT HEAVY

MUON

EPARTICLEZ 0

The MUON is 2

short-lived, heavier

version of the

Acrylic fell wit
ANTIMUON
Acrylic felt with

poly bead fill for

medium mass.

$9.75 wiions

980000000
HEAVY

MUON-NEUTRINO

9000000000000
LIGHT HEAVY

MUON-NEUTRINO

EPARTICLEZ 0

Like its first-generation
sibling lepton the
electron-neutrino, the
MUON-NEUTRINO is
extremely difficult to
deteet (hence the bandit’s
mask). Discovered in 1962,

it is emitted in the decay of

amuon. Its mass is about

one-third of an clectron.

MUON-ANTINEUTRINO

Unlike neutrinos,

antincutrinos have

vight-handed helicity. But

like neutrinos, they interact
only through th

tional and weak for

Aerylic felt, vinyl, poly-
fill for minimum mass.

©000000000000 $9.75 nussume
i ey

and cleetron. It
the same negative

than the electron,

Acrylic felt with

Wool felt/fleece
with gravel fill for
mazimum mass.

$9.75 v

0000000000000
LIGHT HEAVY

TAU

EPARTICLEZ!'0

Like its sibling leptons the

extremely difficult to detect
(hence the bandit's mask),
Discovered in 2000,

it is about 100

times heavier than

sharing its neutral ¢
low, low m
spin of
Unlike
neutrinos,

9000000000000
LIGHT HEAVY

TAU-NEUTRINO

EPARTICLEZ 0

antineutrinos have

ht-handed helicity. But
utrinos, they interact

only through the gravita-
tional and weak forces.

Aderylic felt, vinyl, poly=fill
for minimum mass

000000000000 % J—
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Portugal in CMS

Letter of Intent - 1992 Technical Proposal - 1994

CERN/LHCC 94-38
LHCC/P1
15 December 1994

1 October 1992

Letter of Intent

by the

CMS Collaboration

for a General Purpose Detector at the LHC

Inst. of Experimental Physics, University of Warsaw, Warszawa, POLAND
W. Dominik, ]J. Krélikowski, M. Konecki, L. Ropelewski,
Institute for Nuclear Studies, Warszawa, POLAND

M. Gorski, M.Szeptycka

Fhan iy ¥

isbon, PORTUGAL

P. Bordalo, C. Lourengo, R. Nébrega, S. Ramos, |. Varela

The Compact Muon Solenoid

JINR, Dubna, RUSSIA Technical PI‘OpOS&l

P. Akishin, S. Andreev, A. Bel'’kov, M. Bondila, V. Chalyshev,

Laboratério de Instrumentacédo e Fisica Experimental de
Particulas, Lisboa, PORTUGAL

A. Almeida, P. Bordalo, J. Gomes, P. Gomes, E. Machado, M. Mota,
R. Nobrega, S. Ramos, S. Silva, J. Varela

André David - LIP, Lisbon Professores no CERN - Sep 2010 4



“since 19927

André David - LIP, Lisbon

R. Alemany-Fernandez

A. Almeida
C. Almeida
N. Almeida
J. Augusto

T. Barata Monteiro

L. Berger

P. Bordalo

M. Calha

N. Vaz Cardoso
O. Dias

M. Ferreira

M. Gallinaro

J. Gomes

P. Gomes

F. M. Goncalves
M. Husejko

A. Jain

M. Kazana

N. Leonardo

C. Lourenco
E. Machado
J. Martins

A. Mishev

J. Morgado
M. Mota

S. da Mota Silva
P. Musella
A. Nikitenko
R. Nobrega
G. Ordéiiez
A. Pierce

V. Popov

P. Q. Ribeiro
R. Ribeiro

S. Ramos

J. C. Silva
S. Silva

P. F. da Silva
M. Santos

LIP participants to CMS

H. Sarmento
J. Semiao

|. Teixeira

J. Teixeira
G. Varner

l. Videira

J. Varela

47 persons
since 1995

Professores no CERN - Sep 2010
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CMS is...

. 36 Countries
* 4 Tesla superconductor solenoid

160 Institutes

2000 Collaborators
e Excellent muon detection

« multiple detection layers

« Crystal calorimeter

» the best possible photon and electron
measurement

 Charged particle Si tracker
» the most reliable technology

Total weight 12500 tonnes
+ Hermetic and compact detector
« essential for neutrino identification Length

« Material cost ~ 400 MEUR
_ In project since 1992
Sl

B~ André David - LIP, Lisbon Professores no CERN - Sep 2010 7




Trigger and data acquisition

* Proton bunches collide in CMS every 25ns
(~ 40 million times per second)

Each collision produces ~ 1 MByte of data

The trigger system decides (in ~ 3 ps) if the collision
IS to be kept

107 trigger rejection factor

« Yearly data volume ~ 10° GByte = 1 PByte

1]
CMS "-"“
—— L 1 P




c.~~~*'¢‘$‘" P

G
[y

~~~~~~
P AT

A

Level 1 Trigger
= Dedicated processors

= Equivalent processing power of
50 000 PCs

100 MByte/s

High Level Triggers
= PC farm with 5000 PCs

One of the most complex electronics systems ever built !

e 7
"R
!-4!

B~ André David - LIP, Lisbon Professores no CERN - Sep 2010 9



Hadrons, e+, v and .= in the barrel

Key; e MUON
Electron

~——= Charged Hadron (e.g.Pion)

n] - - - Neutral Hadron (e.g.Neutron)
‘ Photon

Transverse slice
through CMS

MAN ©

"N

Silicon
Tracker

Electromagnetic
Calorimeter

Hadron

Superconducting I J

Calorimeter
Solenoid
Iron return yoke interspersed
with Muon chambers
im 2m 3m 4m 5m 6m
] | | 1 | |

André David - LIP, Lisbon Professores no CERN - Sep 2010 10
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Main responsibilities since 2006

6 2 %) ” = s

« ECAL

".‘ ¢“Mﬁdﬂ € '\::: .
« Data Concentrator Card
« ECAL DAQ software

made in LIP
« Calibration test beams

« Commissioning and testing of the detector
» Off-detector electronics integration and test system
_ * Non-event data monitoring system
= » Trigger
« Synchronization Link Board

S « ECAL trigger pattern tests
Eiectromagnetic - ECAL trigger cabling
« CMS posts held by group members

« CMS Trigger and DAQ Project Manager (J. Varela)

 ECAL Electronics Coordinator (J.C. Silva)
« ECAL DAQ Coordinator (A. David)

e André David - LIP, Lisbon Professores no CERN - Sep 2010 12




LIP in CMS top management

l CMS
S

pokesperson
and deputies

Tracker
Project
Managers

l ECAL Project

Managers

l HCAL Project

Managers

l Trigger and
DAQ Project

Managers

l Muons Project

Managers

Commissioning
and Run
Coordination

Offline
Coordination

Technical
Coordination

Trigger
Coordination

André David - LIP, Lisbon

Computing
Coordination

Upgrades
Project
Managers

Physics
Coordination

Professores no CERN - Sep 2010
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LIP in ECAL management

CMS
Spokesperson
and deputies

l ECAL Project

Manager

l S l E | Technical | Trigger and

lectronics Coordinator DAQ Coordinator

I Detector | U

Performance pgrades

P André David - LIP, Lisbon Professores no CERN - Sep 2010 14



LIP in CMS operations

l CMS Run

Coordinator

l CMS Run

Field
Manager

Physically at Point 5

Shift Leader

Sub
DAQ Shifter L1 Shifter DQM Shifter DCS Shifter detector

Shifter

André David - LIP, Lisbon Professores no CERN - Sep 2010 15
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Highlights from the CMS ECAL Timeline

Commissioning H4 Test Beam: || 22 SM tested with Endcap

& calibration of 9 SM calibrated;|| B-field on surface Installation.
each SM with H2 Combined Commissioning
coSmics on Test Beam: with cosmics and
first beam in-situ

surface ECAL+HCAL

~

CMS EE?I“ Professores no CERN - Sep
= 2010




2006: f|rst closure of the CMS experlment
‘ WA AT e

ANy w1 I _-\’:t i ‘ﬂ.

] 0\ b | . d e A A
T -y A
s " 1 ‘ LN :. “\ 3 -‘ ,. r"/f
) '\ \ = ) - § ¥

L\

S

S

A =
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2000: Magnet Test and Cosmic Challenge

Muon chambers

| LW .J’:L | ¥

P André David - LIP, Lisbon Professores no CERN - Sep 2010




2006/08/27: run 2605_, vent 3_98|1, B=38T

f*] André David - LIP, Lisbon Professores no CERN - Sep 2010 20




20006 cavern foam test

poy
®

“Viina
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t endcap wheel

Ir'S

ing the f

lower

Jan 2007

23
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Barrel OD electronics triplets in the
CMS Electronics Integration Area (904)

January-March 2007

Selective Readout
Processor installed in
CMS

October 2007

T

(I

Andreé David - LIP, Lisbon

— RM5(TTS)
S CTHL

BUS

Cotical links (Tower flags) —

LVDS(TTF, TF) —

— K

(Event)

« Slink64

BUS CTRL

«— Chtical links {Action fiags)
BUS CTRHL

—

Vitesse elechrical inks (TP —

 Cptical links (TF)

 Cptical links (FE ) ata)

— OPT. SPLITTER
BUS CTRHL

— Jock, L14 and B-Go's

Professores no CERN - Sep 2010



April 2007: ECAL OD electronics integration

. E | :"m i ”; ZIH:II‘Z-I"’ n: B ~ « Integrated tests of Data,
3\ a4 E “ Trigger and Control cards
prior to Installation

12 crates with 110 cards
Intensively tested

e >10 hours of continuous
~ testing per crate

'''''




Capll_rlg the ECAL to the Calorimeter Trigger
| e -lr
1 ; T/ - « ~ 500 cables to
I T connect the ECAL
Trigger outputs to
the Regional
Calorimeter Trigger

o

CMS
: I.=i I~y André David - LIP, Lisbon Professores no CERN - Sep 2010 26
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ECAL Trigger
outputs to the

I8 Regional

connecting the
Calorimeter Trigger

e ~500 cables

S

|2

\\

=20
2 i . B
TR Shndsy o5 o 84 #4 05 3

the ECAL to the Calorimeter Trigger
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Cabling the ECAL to the Calorimeter Trigger

e ~ 500 cables delivered with

the wrong screws

changed...




2007: lowering of the central barrel

André David - LIP, Lisbon Professores no CERN - Sep 2010 29



Touch down !

4 "
v

XY
\‘ /’

iy

it .' VAV
23t

@

!

André David - LIP, Lisbon Professores no CERN - Sep 2010 30



May 2007: ECAL barrel mtallatlon

f*] André David - LIP, Lisbon Professores no CERN - Sep 2010 31



ECAL Barrel installation

« 36 Supermodules tested before and after insertion in the
central barrel:
* Front-end functionality
« Data acquisition functionality
« Trigger primitive generation functionality

« Sample logbook entry

1) Token rings - OK

2) I2c devices access - OK

3) HV - TT57 and TT58 draw high current (~200uA),

this problem has appeared on the floor, current was 50uA.

4) DCU - OK, except channel 1427 (TT58) has high APD current (~200uA)
except APD temperature TT9, cry245 bad DCU measurement (known from floor)
except APD temperature TT57, cryl441 bad DCU measurement (~15 C, known from floor)

6) Pedestal run 1591 - OK, except
ch 1427 (TT58) is noisy (RMS12=41.2),
ch 115 has rms6=1.8 rms12=4.2 (new problem)
all MEM box channels are noisy in gain 16, as before

7) Test pulse run 1592 - OK, except channel 331 (TT15);

it had big HV current and has been disconnected from the HV in 867
8) Pedestal HV off run 1593 - OK, except channel 331 (TT15) as explained above
9) Trigger links - OK

André David - LIP, Lisbon Professores no CERN - Sep 2010 32



ECAL Barrel installation half-way
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2007 ECAL barrel fully installed
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July 2007: ECAL barrel fully installed
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Nov 2007: barrel readyfor: tracker
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Dec 2007: tracker inserted in CMS
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September 3, 2008 at 20:30
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2008 beams in the LHC

« September 7

« Beam 1 on collimators
(upstream of CMS)

« September 10 (D-day)

« Beam 1, then Beam 2
circulating
(hundreds of turns)

« September 11 e = s
 RF capture (millions of orbits) T = e ﬂ‘“(‘:yl ‘j;\
« Beam halo through CMS = -:a::-BearE.ﬂ,"E‘:z?l@; 5

- Beam-gas events ’ EL‘ 2

« About 40 hours of beam JCMS Trigger and DAQ
at or through CMS fully functional: millions of

« All systems ON except Tracker beam events recorded

and Solenoid

André David - LIP, Lisbon Professores no CERN - Sep 2010 39



2008 Beam Splashes

Professores no CERN - Sep 2010 40



>
§ o 75001 P
S i P,
"tg [ . 6 a3
A BR » 7000 \(\{\' 7
o™ i
< - - S K 45 g K OQ ® ]
Q1 Q2 (ﬁi; D1 D7 Q4 = 6500/ @Q . - &
TAS  MOXA MOXB MOXADFBX MBI TAN [XRP1 [| M MOY (] !
| FIFEIREE ' © H . .
. BIlRgHiAS £ | : ;
1 ERRAN M = < 6000 . ;
14, s sl lsskashy 4 @ H
:‘D” ‘5'0?73‘5( D67 6267 24,13 Q45 B2 E 5500 :
5 K ]
t* [ ]
» > U J U 5000_ . o I o _><103
Sas0r 100 120 140 160 180
- . position of beam Interaction .
E Fo TETV: 2.1 m downstream o .1};;/ ECAL total RecHit energy (GeV)
P 220:_ TAN: 6.8 m downstream 5 1200
o < TCLP: 4.3 m upstream 2 C ‘ po 6.518 + 0.002 ‘
c 210= XRP MBRC: 5.3 m upstream - -
w = £ 1100
- = 2 C
< 200" LR
w - u%:— 1000
190— > B
C 9 L
180 g 900
: s
170 = 5 800
- - -
160— S 700-
- / I B
B 74 600
: / I‘\\I\l\\\I‘\\II‘\\II‘\\II‘\II\‘\I\I‘III\‘\I\\‘I
140447 o Lo A L L L L 90 100 110 120 130 140 150 160 170 180

- §ii“ 0.7 0.8 0.9 1 1.1 1.2 ECAL Barrel Energy Equivalent [TeV
él A BLM measurement (normalized to average) Professores no CERN - Sep 2010




September 10, 2008
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2009 was not an idle year
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March 30, 2010 — odisseia no LHC

Al

ORIGEM DO UNIVERSO

vy :wufm?‘wﬂfm"wf"pﬁ?a’np ETe—
- . £ )'l = " g u-4,fc. -':|-~

recriou momentos "Big Bang”
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proton - (anti)proton cross sections

b | i N ] K A et 109

Let’s go for Physics

10°
Ot : o .
Tevatron LHC 10
' P 10°
10° -

Total Integrated Luminosity 2010 (Mar 30 10:00 UTC - Aug 30 10:49 UTC)

23 -2
events /secforc.=10"cm’s

—_
' ! ! ' = 10’
'|' — Delivered 3608.68nb™" | : —
2 1500 | —_Recorded 3294.86 nb! | i L =103 © 1
- CMS Detector . o, (E"> 100 GeV) |
LIRE “TROMAGNETIC 1O
3000 |ecal ot A A I . .
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| ------------- 10% o, 10°
' - o (E >\s/4) 1o
10° 0,00 (M, =120 GeV) 10°
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Wagnetic ol 2E1" 2 : S 500 GeV
: : TOP results: 107 Ll el 107
LOOO [----omeeeee e AL e ek 0.1 1
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s S i Y ol
1 L 1
29/ 0% 30/04 01/06 03/07 04/08
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Low mass resonances

* Tracks displaced from Invariant mass distribution
primary vertex (ds, > 30) for different combinations

« Common displaced vertex . (Q* — AK* or =*— Arn* ) fit to
(Lyp > 100) a common vertex.

T '| T T T T | T T T T |

CMS Preliminary

Yield: 2344.8 + 58.2 |
Mean: 1321.92 + 0.09 MeV/c?
Sigma: 3.24 + 0.09 MeV/c?

Statistical uncertainties only

CMS Preliminary

Yield: 187.6 + 19.9

Mean: 1672.2+ 0.4 MeV/c® _
Sigma: 2.9 + 0.3 MeV/c?
Statistical uncertainties only

—
=
=]
(o))
=]
=]
|

T

T

PDG Mass:
1672.43 + 0.29

o il doy LWMJ“ o

L E oS A
Q" — AK | I PMJ u.fﬁ_)qﬂzita%

| — 1 [ Oﬂflr oo oo b |
1700 1800 1900 1300 1350 1400 1450

A? K invariant mass [MeWcz] A° 7 invariant mass [MeWcz]

Mass accuracy at the level of 104 =» good alignment of Si-strip and pixels

.

o

o
|
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1321.71 + 0.07

T

Candidates / 2 MeV/c?
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CMS Preliminary, Vs =7 TeV
L, = 1.1 pb™’
o =101 MeV/c?

Di-muon spectrum
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e
CMS Preliminary, \s=7TeV A L _ =278 nb'
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J/p from B hadrons

« CMS 100nb" 14<|y|<24

= CMS 100nb' |y|<1.4

v LHCb 14.2nb"' 25<y<4.0
ATLAS 17.5nb™ |y] <2.25

LHC \s=7TeV
Preliminary

b

i¥!!! L]
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W candidate

CMS, 1 Run 133874, Event 21466935
!| Lumi section: 301
Sat Apr 24 2010, 05:19:21 CEST

Electron p=35.6 GeV/c
ME; =36.9 GeV
M+=71.1 GeV/c?2

—_

CMS imitl
- Nl
L
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CMS preliminary 2010 \s=7TeV
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/ candidate

. CMS Experiment at LHC, CERN
CMS 1l run 135149, Event 125426133
~ I Lumi section: 1345

| sunMay 09 2010, 05:24:09 CESF

Muon p;=67.3,50.6 GeV/c \\

Inv. mass = 93.2 GeV/c? ) R
¢ > I
PR \ /
x; ’ N 2
: S L 1
. \’#“. < ~ NS N " 2 \\.,.
‘ N . A
N . v
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S8 .'. X ~ N —
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JL dt = 1.1 pb™’

CMS preliminary 2010 Vs =T7TeV

—&- Data
[]Z—ee

B aco

I Electroweak

Number of events / 2 GeV
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W and Z cross-sections

= André David - LIP, Lisbon

CMS preliminary ICHEP2010 \s=7TeV | CMS preliminary ICHEP2010 \s=7TeV
T T T I 1 T T I T T T I 1 1 T l T T T I 1 1 T I T T T T [ T T T T I T T T T I T T T T I
. NNLO, MSTWO08 68% CL prediction . NNLO, MSTWO08 68% CL prediction, 60-120 GeV
fL dt =198 nb’ 10.44 + 0.52 nb fL dt =198 nb’ 0.97 + 0.04 nb
W —uv — s Zy* — uu ——
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A L T —
NNLO, MSTWO08 68% CL prediction
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Search for dijet resonances

of any new massive object to quarks and

dijet mass differential cross section: S EEEEENRVARERERE
2 anti-k, (AR<0.7) calorimetric jets with S 10°F :‘,;_;";;Z:’V&'“”'“"' 1
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Limits on resonances

Miodel Name | X | Color | T T70M)

Several models of parton resonances, String mixed | mixed | 0.003-0.037 | 47,44, g and 43
. : . Axigluon / Octet 1+ 0.05 qq
massive qq, qg,gg decaying to di-jets, Coloron . - 005 a7
to be compared to cross section limits on JREISTE:ReIE SIS b 1/2 0.02 q8

Eg Diquark i ot 0.004 qq
RS Graviton ( Sing 2+ 0.01 q99.%9
Heavy W [* | Sing 1- 0.01 qq
Heavy Z " | Sing 1~ 0.01 qq

gqg, gg, gg obtained from data

-
o
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- String
Excited quark

95% CL Upper Limits

o
2
O 416 —=— gluon-gluon Axigluon
o 10 —e— quark-gluon — - Es diquark
fc —=— quark-quark T W
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m Ll L] L]
= 10* 95% C.L. Mass Limit [TeV] using CTEQ6L
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@ . ot <25 A<t (836 nb) (1.13 fb?)
w
8 String >2.10 >1.4
10
q* >1.14 >0.87
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GO, WHAT DOES THE LITTLE HADRON COLLIDER GCIENTIST WANT? muam.

: ‘ ' ‘
< R - - 3 'l.'-“_
: - ( LR .

THE HGGS
BOSON
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