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O que sabemos sobre a matéria
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~ ’ ;. CERF
O Modelo Padrao € um marco da Fisica Moderna

A Impressionante acordo com dezenas
de medidas experimentais —

Incluindo a massa do top 200 ] ]
Producéo de quarks pesados _ { E ) ' I ) L
Jatos
Assimetrias W, Z S 1504 i
Q - ¢ Tevatron .
9 . [0 SM constraint
- l 68% CL 7
Measurement Fit joTeE_OftysmeE = ] 10.8
0 1 2 3 100 .
m, [GeV] 91.1875+0.0021 91.1874
I, [GeV] 2.4952 + 0.0023  2.4957 m
Chag (NP1 41.540 % 0.057 a4 Direct search lower limit (95% Chy g
R, 20.767 + 0.025 20.744 so¥4
Aft;l 0.01714 £ 0.00095 0.01640 1990 1995 2000
A(P) 0.1465 + 0.0032  0.1479
R, 0.21629 + 0.00066 0.21585 Year
R, 0.1721 £0.0030  0.1722 304
ALP 0.0992 + 0.0016  0.1037 )
Ap© 0.0707 £ 0.0035  0.0741 o \IEPH
A, 0.923 + 0.020 0.935 = DELPHI
A 0.670 + 0.027 0.668
A(SLD) 0.1513 £ 0.0021  0.1479 302 | AL
sin0/°F(Q,) 0.2324+0.0012  0.2314 * OPAL
my, [GeV]  80.392 + 0.029 80.371 1990-1992 data
Ty [GeV] 2.147 + 0.060 2.091 At
m, [GeV] 171.4+ 2.1 171.7 luminosity error
30 - theoretical errors:
I QED
| . = Iumiuosity
21.2 01.25 01.3
silvan A. Alves 2012 E., [GeV]
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" JEE—
Mas as particulas nao teriam massa...

Fundamental para previnir anomalias.

Como o foton (sem massa) e 0 béson W (~80 GeV) mediam a interacao eletrofraca?

Solucédo mais simples (Higgs, Brout, Englert & Kibble)
Novo campo escalar permeia 0 universo a A particulas interagem com este campo

Mas
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No Modelo Padrao as particulas adquirem massa pela
interacdo com o campo de Higgs (do fisico britanico Peter
Higgs). Excitacbes do campp boson deHiggs.

O gueé obosonde Higgs?
Cartoonbaseadmaexplicacao
de David MilleraoMinistro de
Ciénciabritanicoem 1993.




"
Por gue nao estamos satisfeltos?

A Simetria Interna (calibre): previne anomalias
A Qualquer massa gquebra a simetria

SU(3). X \SU(Z)Lj U(1)y

CDQ Eletrofraca

|

Quebra espontanea . Mecanismo de Higgs S e AP
EDQ + Fraca et

Solugdo mais econdmica

V(F)= n¥f2/2 + | #/4( vel)l

AUm Gnico escalarcommassa= Q@ 1lv
ATermos de massa paraW N, Z (a v)

b4

Alnteragdo com férmions C massa (a v)

Mas...
Gilvan A. Alves 2012 6
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A Artificial: forma do potencial, acoplamento, etc.
A Massas nao determinadas.

A Massa do Higgs < 1 TeV para evitar anomalias

W, W,

W, W,

V

Violacao da unitaridade Restaura a unitaridade
s ~E?

Gilvan A. Alves 2012 7




"
AMassa do Higgs sofre correcbes por sua interacio
Am, < 1TeV exige ajuste preciso (artificial) L © 101° GeV
Aroblema da hierarquia

6G 1 1 1 A 2
my =mi — — mf——mﬁ, ——my; ) A®~ m2—(115GeV)> (—)

anntop \ A= scale up to

which the SM is valid

THE HIERARCHY PROBLEM

All of particle physics can be laid out on a scale of energy or, equivalently, mass.

The known particles are heavy enough that physicists require huge machines to
create them, yet they are far lighter than the energy at which forces may unify or
gravity may come into play. What enforces the separation? No one yet knows. This
puzzle is espedially acute for the Higgs. Extremely high-energy processes tend to pull
its mass far above 1 TeV. What holds it down?




Existem mais Problemas
Big Bang

Violacao de CP nao é suficiente 18 degrees
Matéria |

3 dagrees K
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Oscilacao de Neutrinos

(Neutrinesppeesisancierinassa)

vg vl_l h

ne A nm

11



scilacoe,- 1, sao observadas na atmosfer

Discovering Mass

The farther neulinos tkaoel, the more time they have to azcillate . B
comparing the ralio of Bavars of neulings coming "up” through the Esarth
to those coming from overhead, physicists determined that neutinos
oscillake , which neutrinos can only do if they have mass.

A0S G By
u=u alby & protan]
oM space

SUPER KAMICKANDE DETEY

Or=cillating
heutiinas

Aneutring stikes another
elame ntary particle in the
detector tank . The inkeracion
iz recorded and analyeed by
sriehtizts o identify both the
flawor of he neulring and itz

the trajectaryahd begin
to azcllate a5 they
pa=sthrough the earth

CoSnic ey : Earths
\ - atmosphera
The coamic ray hits the Cine cydle of an osdllating neutrino
earth's atmosphere, 2= it passes through earth
rnskmg aspr&y,:';f |
sacndary parfides,
zame of which decay i i
o of i GO DD 12

Ul ey ety Hamall medis graphic







A observacao de oscilacdo (portanto massa) em neutrinos € uma das maiores descob
fisica de particulas dos ultimos tempos (comparavel com a dos W e 2)

No modelo padréao neutrinos sao sempre levogiros, ndo interagindo com o campo de +

IssoimplicanecessariamentésicaAlém do Modelo Padraol "




Como resolver esses problemas???

e, bOSON
A Supersimetria : )

; . : ~ \ y ~ 2
A Perfeita simetria dmy®~ . N LR Mp,

A férmions e bosons férmion

A cancelamento

dm,? ~ ~ - Mp
A Novas particulas
superparticles

PARTICLES THAT

FPARTICLES THAT
MAKE UP MATTER

MEDIATE FORCES
QUASK ELECTRDN PHOTOM

. OO

_ “SPARTICLE" “SQUARK™ “SELECTRON"
— PARTNERS

GLUOMN

HIGGS

HKNOWNM
PARTICLES

THEQRETICAL
PLANE DIVIDING
TWO REALMS

“GLUING™



" J
Dimensoes extras
Motivacéao - Supercordas
A Gravitacdoe D.E.
Escala de unificagao ==
Eletrofraca

A Muitos modelos
Muitos efeitos

Ressonancias KK

A Cordas

A Graviton
Mini-buracos negros
Energia perdida

Planck brane Tev brane
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http://www.sciencemag.org/content/vol296/issue5572/images/large/se1920511003.jpeg

=
Parece confuso??

Qual a solucao??

Estudar o S8 E\de energia TeV /

LHC ",

‘ r o ‘1 iy “’/.‘ W e ¥ it 1"‘&. - ﬂ.-. r,.,. ’e- ‘{"E,- ) l"dA
! B '.‘_ {l» v r Q‘ﬁ “"’ fJ ﬁnﬁ .\‘ II ‘ -" Ny !
. LT b i £ 7“ (“V"” )n
‘h“. ‘”-r-l.‘ ? L,*r*-/\ — ;,‘? j"-'"

4¢ v .
“r
L{. ".L

v

“Whatever happened to elegant solutions?”



" JEE—— _
O LHC (Large Hadron Collider)

The LHC Machine and Experiments

Luminosity B, - Lal’ge
e _mees e A 27 km de circunferéncia

Hadron
A prétons
A lons
el Collider
A ~ 7 X mais energia

A ~ 100 x mais
luminosidade

A Comparado ao Tevatron

High lumi phase

1034 cm2s!

G

T
X
-

*High Energy = factor 7 increase w.r.t. present accelerators
*High Luminosity (# events/cross section/time) = factor 100 increase ||

Préton - Proton
aas = 14 TeV

Luminosidade ~
~100 fbt / expt / ANO GivanA. Alves 2012 18




"
Porque O LHC é Importante?

A Escala de energia quebra de simetria 2 1TeV

Higgs ou outro mecanismo
A Massa do Higgs ¢1TeV

Unitaridade

Outro processo cancela anomalias
A Particulas Supersimétricas

Massas 2 TeV

Ah?

A Estudo sisteméatico da violacédo de CP

A Potenciais candidatos a Matéria Escura
A Massa dos neutrinos

ABuracos negros, dimens»es ext

Gilvan A. Alves 2012 19
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Definicoes

Particula

d=-1 d=0 /d_=+l

d= '2\ /d_ =+2
d=-3 _ | —|| éd | — 1 d=*3 feixe

—

> <

proton proton

| B

|~Endcap Barril Endcap
AFrontalgcentradront al o

Diferencas em rapididez sao conservadas ,
numa transf. de Lorentz na direcao z

Rapidez: =1 B2
P Y= O%TQ
Pseudorapidez: /=1 1M [ i Boa aproximacao da

rapididez se E>>m

21

CM A Mo me n ffransversod pr= (P Py) el =280p




" N
L H C b Dipole magnet  Tracking system Muon system

A
y |

. ad
Calorimeters ‘X M4 MS () I°
M: I~
M"’

e

Sm

|
Vertex |
Locator ( ‘

,f 'RICHI
Vertex ;
l.ocator

10 mrad

.....................

- 5Sm

Sm

RICH detectors

A Detector assimétrico para a fisica de mesons B
A Violacdo de CP

Gilvan A. Alves 2012 22




ALICE

A Desenhado para estudar e |
colisbes de ions A Sinais de PQG:
pesados (e.g. Pb-Pb ou [ Supresséo de Jatos
Au-Au)

A Produgdo de um novo
estado da matériai o
plasma de quarks-gluons

A Quarks ndo mais

confinados no interior de i Supressdo de Quarkdnio
hadrons sem cor (e.g. JIly)

(hestados |1 gac

g ‘“’"G“L)T( <
Jly

Silvan A. Alves / 23
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Detectores Gerais

Semelhancas:

1- Det. Posicao

2- Calorimetros

3- Camaras de Muon

CRYSTAL ECAL  total weight : 12500 T
Overall diameter : 150 m
Overall length 215 m
Magnetic field : 4 Tesla
D| ferengas PRESHOWER
Tamanho : C M S coipactoo
Campo Magnético _
ATLAS tem um toréide HHTTORE
Calorimetro Eletromagnético: CUPERCONDUCTING
CMS cristais. ATLAS Argénio Liquido " | M,
Det. De posicdo externos . B Ny R
b 24

Gilvan A. Alves 2}9‘ 12
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silicio. ATLAS camara a fios

MUON CHAMBERS


http://upload.wikimedia.org/wikipedia/commons/a/af/CMScollaborationPoster.png

—_—
k2 |

“ireoranoracao CM
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“Urgertector CMS

HCAL

Detectores
de MuUons

Rastreamento

Solenodide
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Gorte Transversal do Detector

Select: o " -
Muon
Electron

------ Neutral Hadron
Charged Hadron

----- Photon

- S ey
Silicon G

----------

Electromagnetic

HHHHHH
Calorimeter

Transverse slice
hhhhhhhhh
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O Detector de Vertices do CMS

A regid@o mais proxima darcoliséo Cada pixel ~ 150 * 150 mm?
é intrumentada-com detectores
de: pixel
CNE AN I
e e e
E—. e d:.:.-.:.: Formiirinl) = e .
2zl 721 {77 | | 7
. I Ll . o
4 1007 pixeis %ﬁ ol aiE: Z) ;i ==
Tempode! = leitura = ~ 25:ns: _ AW Al 2] 7 7 f
. . A e e hl L
| e e i e fH B
% e ||| e s IR ) COEY G Y S B
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Sistema de Rastreamento do CMS

y &

End cap -TEC-

Quter Barrel -TOB-

volume 24.4 m>

running temperature — 10 Oc
dry atmosphere for YEARS!

Cerca de 200 m?2 de
Detectores de Si

Gilvan A. Alves 2012 29




Detectores de micro-tiras de Silicio

1

12 15

e %' e LY G T
e ‘“n il S e st

Al strip 004000 A

pitch ~20 microns | ’

Wi IR e L ] ] [ ==Y

R . ZEI-200 microns
p+ implant: B n-type silicon <1l

n+ implant: Far As

Al -~ L micron

30



Os Calorimetros do CMS

Calorimetro  Hadrénico
Latdo+Cintilador Plastico

—

=

=

WA

Castor Calorimetro EM
Cristais de Quartzo Cristalis de PbWO

Gilvan A. Alves 2012 31




O Calorimetro EM do CMS

« 80,000 lead-tungstate (PbWO,)

PWO crystals and avalanche photodiodes

22x22x230 mm? (barrel) < 1.

Zell 73
. . Density 8.28 g/em’
30x30x220 mm3 (end cap) % " 09em
) ) . RM 2.l em
. Iﬂﬂgl‘letlc -l[-leld D-[- ,_1_T {?.cf'ruclionindr.::_olﬂ
max 150 nm
. . Decay time 10 ns
* rﬂdlﬂtl{}n ‘:I{}SE-' UT - 1'2 kG}""F}".EE-j-- Lighl'nutput 200 photons/MeV

Signal: = 4 photoel./ MeV x{gain=50)

£ « available size:5x5 mm? x 2/per cr.
« C~100pF @ Uy, ~ 300V
*  (Gain ~ 50
»+ ENF-~2
Gi L « High rad.tolerance

*  Low nuclear counter effect



" N

Construcao do Calorimetro EM 5

u : lals with and e. 10x4 or 10x5 submodules
electronics in 200um glass fibre alveola mounted on a ‘Grid’, Inside a ‘basket’
Tablec

SubModule 1

\
\ \

Copaic v {&T‘“ﬂ
/ i

Gilass-libre
alvoodr

' ' Supermodule: 4 Modules
e (1700 Xtals)

Barrel= 36 Supermodules
3 Module |

g T il

embled Suules

Module 4  Module 3 Misdule

33
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Construcao da parte Frontal

‘Supercrystal’: carbon-fibre alveola —

containing 5x5 tapered crystals + VPTs +
HV filter

« 156 Supercrystals per Dee =

* All crystals have identical dimensions LS
.+ All Supercrystals are identical T
(apart from inner and outer circumference) “Hi;*"l
HEPA, _];\5:5::*:3;,:{-;9
g g R iy Ny Ny Sl |
Ry (N Ny Ny g
S LT
M T I ]
g NN NN /
Ly igd
174y
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ap=tLi =l o =
rd #

-. O Sistema de deteccéo de Muons do CMS

Cathode Strip Chamber
| |

Wres

1
I 1
I 1
1
1
+—
1 [ 1
|
| e
¥
| -
|
| "
-:‘II"
e}
albo [1 ’ I
| ' .
| "
o - " o

" =
Layer 4 i*
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Lajyed B ]
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B pe—
——

elecao de eventos interessantes

o LHC Vs=14TeV  L=10%em?s” rate evigear ON-|ine .
barn < > OFF-line

g 1 " LEVEL-1 Trigger

i ] g
- . go 15 M _ Pipelined massive parallel
i ] ] L
mb i bb 10
Wz 10 HIGH LEVEL Triggers
max Detector output : - g9
max L1 oylpu13 10 " S == Farms of
max HLT input ey » pI’OCGSSOI’S
. 10
IkHz 410
HLT OUtpt el 10° Zdiv s s
1 ‘ Reconstruction&ANALY SIS
E 10° , , , VYV Vo) TIERO/1/2
| , , W g Centers
: gt L =  ITIINESESE: .-
10° ‘ ’ - /T:Tx | YAk A
F ) A ¥ :
pb | % - ERE RN IRESEAE
g 1 \ : il B0 A -
3 “mHz =10 4 JL JE J
] J VAP 4 J J 2\
3 A,
1
: 0 KK ok J J 4
fb | ; 10° ;
f Hey—2Z -4 ] J ‘ J z0 ez J J
R 7 2|:qu 10
Y Iy scalar LQ\  £721\ 25ns 3us ms sec hour year
50 100 200 500 1000 2000 500 | 1079 '10¢ 103 '10° 108 ' _
Giga Tera Petabit

jet E; or particle mass (GeV)
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Uma GRID mundial de computacao
Analise dos dados de cada experimento

» 10s de Petabytes/yr para ~2008
» 1000 Petabytes em <10 anos?

*  Online

» > 50% de CPUs estdao em Tier2s

10 Gb/s

0.2-1.5GBIs

CERN Computer
Center




Novo acelerador, novos
detectores, nova faixa de
energia

Cross Section for Standard Model Physics Objects

MB, UE

Redescoberta do MP

o EM
EW 1
In
. Jets 5
mo
o b Jets .
P -MET,MB o
> 50GeV
A ° W->e T
z>ei Z->F
top |
1 2 3 2 5 6 7 8




B Multiplicidade de partlculas no LHC

CMS
. * ] . . - L |
7 TeV CL
- & b A ¢$& . » g
| -l i
2.36 Tev e =
5 4 . ik
T Lo, et e e
pd 0.8 Tev
=
=
- CMS NSD
& ALICE NSD
UAS NSD CMS
| ] | ] ]
0 -2 o] 2
0.65 T
) CMS
OISR inel
0.6 = UA1 NSD
& ETISNSD
B CDF NSD
0.35 & CMS NSD [ni<2.4)
=)
=
D 0.5
9,
“';:,_ﬂ.dE
o
0.4
0,35 — 0,413 - 00171 Infs) + 0,00143 InF[s}
0.3"- '
10 100 Pa0° 10°
s [GeV]

_E 3 T T T —TT
5 — C 1
§ ] %” 250 [P S TR =
ALICE | - A & e
N vy + I—_'— g OE R ATLAS
{ '—'_"""—_- . -* bl A - —
of e | . 150 E
N 1 : M ]
2 . 1:_ =7 TaV E
- % = 500 GaV ] 051 ATLAS Preliminar e =200 Tev
1 = ALICE p;?'N-S,D .B UAS b6 NSD - Data 2009/2010 B s = 900GaV .
N o ALICEppINEL = UASpSINEL| L /R EITE,B
']-2 R T . [Ij e .'ﬂé
T =  UA1MSD MAL B.C. inedl, CHE'
E ¥ STARNSD ¢ ISRinel. |mp0rtante para
6. corms o mescsws ¢ | @Justar modelos
L 5 e cwews | weEm | teoricos utilizados
= nas simulagoes.
3 | Dados coletados para
31 .
= energias de centro de
2E massa
oo meweemen 0 35=0.9,2.36e 7 TeV
'D 1,54 - 0,088 In{n) + 0.0158 in(n) |
10 107 10° 10*
5 [GeV]
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LRG - Grande Lacuna
de Rapidez no HF

Eventos difrativos 6 Um dos
protons (pelo menos) sobrevive
intacto.

Caracteristica Experimental - LRG
Visivel nos calorimetros frontais

- (GeV)

(1/M)dNidE

Dijet

0012 T
.................... Ve =T Tel | =2k {Run A h
= pep [BSC DR and Werios)
0.0 [ Energy scale =10%
PYTHIN& BST N
-------- EYTHIA-B ]
0.0 PHOMET

— e —

PYTHIA-E DET Hon-diffractive .
PYTHIA-8 Hon-ditfractve N
PHOWET Man-diffractive N

CMS Preliminary 2010

] wnmT TaV L= 0 (Flun 193605)
e pp (A OF and Yertax
L ] Enmrgy scals . 18%

e PEOUE]
—— —  P¥THLA-E DET Man-dill reciree
FETHLA-8 Hon-dilraciive

FHEGLJET Flas iifranlive
N 1 1

CMS Preliminary 2010

R
2 E (HF+) (QuV)

4 6 8 10 1z



CMS 2010, /s=7TeV
MinBias, 1.OGeV/c<pT<3.0GeV/c

R(An,A9)

A

XA

N>110, 1.0GeV/c<p'<3.0GeV/c

R(An,A9)
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Multi hadron production

dedicated trigger !
B RONNNNRRRRERAAA AR il vy TIPS .

’ NN . ‘ 'L\l !
S Experiment

\ A ._' -
helHC,CERN
Dt deprded: 2010-Jul-08.( 55& 11 GMT(04:25068 (E
Run § EVORRO7T0 / 4994108 I \

o
——

X N WK 4
S —— \—':\.," :5-' : 3

- ——




Jatos de quarks e gluons
e f;'lul ' ‘:’71"-;13-1’,. ?.-vnl i}-E:T %:'.'.%'"'. :
Farticle Flow Reconstruction

Jet 1 pr =22 GeVl/c Jet 2
- pr = 42 GeVic

-
M
’
v -,
’
’ ’
4 ,’/.-
Pl i
- o Z%
- v

2.36 TeV c.m.

Pelo menos um dos
Jatos é de gluon

Jet 3
pr= 38 GeV/c
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"R jatos - Se

procura de novos

. CMS preliminary, 60 nb1 \'s =7 TeV
I I I I LI I I 1 J I LI I
> =10 - lyl<0.5 (x1024) Importante teste da
(2 e o 0.5=lyl<1.0 (x256) QCD perturbativa.
S - 1.0<lyl<1.5 (x64) S :
Qo o 1.5<lyl<2.0 (x16) €Ifo Passo para
A7 B + 2.0=lyl<2.5 (x4)

1 y A
-§ 0 s 2.5=lyl<3.0 (x1) fendmenos.
5 10°
Al
©

10° X

10F — NLO pQCD+NP: )\ %

[ ] Exp. uncertainty & *
10" Antl k; R=0.5 PF

20 30 100 200 1000
p, (GeV)
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Il nm] .  XYProjection

4x’:“-'--‘:_-\_:\-‘,\_ .|‘I ; i |/, W S 2 / — =
0.5 “Tracks from pri ertex I s
S -_-_.:lf:::;::‘ = § | /

_ }
— “

Primaryyerte@ 7
- e % .13;’ ‘:‘,._/,"-‘
| _— i ? e \

..........

B*J/¥ K* = N
) -" / =
()| ——

CMS Experiment at LHC, CERN

M S } Data Recorded: Sat Apr 24 08:31:20 2010 CEST

Detectores de vértice
fundamentais na
iIdentificacé&o dos
decaimentos




Alta secao de choque
Bom acordo com
previsoes teoricas
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