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ATLAS: A Toroidal LHC Apparatus
uma colaboracao mundial




ATLAS: A Toroidal LHC Apparatus
uma colaboracao mundial

3000 cientistas
(1000 estudantes)
33 paises

177 universidades
e laboratorios




ATLAS: A Toroidal LHC Apparatus
investigacao em lingua portuguesa

Portugal:
~20 investigadores, ~10 — 15 estudantes
LIP — Coimbra, Minho, Lisboa
FCUL, FCTUC, UM, CEFITEC/UNL, INESC, CFMC
Programa de treino de engenheiros no CERN

Brasil:
Cerca de 30 colegas de varias instituicoes
UFRJ-COPPE, UFJF, USP, UFSJ
(UFBA, CEFET-RJ, UFF)




ATLAS: A Toroidal LHC Apparatus




ATLAS: uma longa historia
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ATLAS
exemplo: o TileCal (1993-2009)

T

1993-1995 R&D-prototipos 1996-2002:construcao 1999-2002 Instrumentacao

2002-2004: calibracoes 2004-2006 Instalacao 2007-2009 certificacao

(raios cosmicos)

2009: aquisicao/analise
dados LHC
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ATLAS
revisao: como funciona um detector

Camara de Calorimetro Calorimetro Detector de
tracos electromagnético  hadrénico mudes

fotbes

electrao positrao
muoes

pides protao

neutrao




ATLAS
a ordem das camadas conta...

Solendide

Detector
interior
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o detector ATLAS

Peso: ~ 7000 t

~ 10°® canais leitura

~ 3000 km de cabos

~ 40 x 10° colisbes / s
~ 320 MB de dados / s

14



r R =1082mm

ATLAS ”
detector interior

L R = 554mm

R =514mm

R =443mm
SCT

R=371mm

R =299mm

Pixels {
R

ol/pr ~ 3.8x10- pr (GeV) @ 0.015
i.e. 0/pt <2% for pr < 35 GeV



ATLAS
calorimetro electromagnético

O/E ~ 10%/+/E

outer copper layer
inner copper layer
kapton %

”
outer copper layer -~

stainless steel —»

glue

lead —*§7

Cells in third layer
A x B))=00245 x 0.05

47 cm

) absorber




tro electromagnético

ime
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ATLAS
calor

~ 10%//E

o/E



ATLAS
calorimetro hadronico

o/E ~ 50%/+/E ® 0.03

X

Nouble
adout

X |

Scintillating
tiles

___________
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ATLAS
calorimetro hadronico

o/E ~ 50%/+/E ® 0.03
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Cathode strip

Resistive plate chambers

chambers

ATLAS
camaras de muoes

Thin gap
chambers

< 10% up to Ey ~ | TeV 20



ATLAS
camaras de muoes

< 10% up to Ey ~ | TeV 21



ATLAS

EXPERIMENT
Candidate Event:
pp—-H(=bb) + W(-pv)
Run: 338712 Event: 335908183
2017-10-19 23:31:18 CEST




ATLAS
como interpretar o que vemos?
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ATLAS

como interpretar o que vemos? \(|/,
\1/ bet o
| é;’e

7/l b-jet

§\: jet
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Dados adquiridos
ATLAS
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Dados adquiridos
ATLAS
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Dados adquiridos
o outro lado da moeda

@ primary vertex

B pile up vertex

@ sccondary vertex

decay chain proton bunch
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Dados adquiridos
o outro lado da moeda

@ primary vertex

B pile up vertex

@ sccondary vertex

0N

YV N

decay chain

proton bunch . proton bunch
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Dados adquiridos
o outro lado da moeda

@ primary vertex

B pile up vertex

@ sccondary vertex

0N

YV N

decay chain

proton bunch . proton bunch

Event h\l-n at random
(filled) bunch crossings




Dados adquiridos

o outro lado da moeda

Recorded Luminosity [pb "/0.1]
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O desafio de escolher os acontecimentos interessantes
as probabilidades estao contra nos...

8TeV 14TeV 33 TeV 100 TeV
is LHC LHC HE LHC VLHC 5
10™E T Y z : 10
1011§total; 103

Events / second @ 10% cm? 5!
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O desafio de escolher os acontecimentos interessantes
as probabilidades estao contra nos...

8TeV 14TeV 33 TeV 100 TeV
LHC LHC HE LHC VLHC
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O desafio de escolher os acontecimentos interessantes
as probabilidades estao contra nos...

= por limitagoes técnicas nao podemos guardar todos os dados

o temos de fazer escolhas...

o com ~10 ordens de grandeza de diferenca entre a seccao eficaz
total do LHC e as dos processos em que estamos interessados, nao
podemos deixar esta escolha ao acaso...

(-
P o
L-4 o
"N e
o\ \pgo®

\o®”
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O desafio de escolher os acontecimentos interessantes

sistema de trigger

Calornimeter detectors

\ J

Tile/TGC L
Level-1 Calo ' Level-1 Muon l

Preprocessor | Endcap Barrel
NMCM sector logic sector logic
_Electron/Tau  Jet/Energy . \ v ¥
CMX CMX MUCTPI ‘g
l g
<
by
LiTopo §
cTP 5
CTPCORE
— CTPOUT
Level-1
Region Of Interest ROI
Requests
High Level Trigger
(HLT)
Fast TracKer { h
(FTK) L _rocessos 020K i
- | Event
Data

Detector
Read-Out
e rE| o [FE|
S — "

ROD | ROD |

DataFlow

ReadOut System

Data Collection Network
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A 4

106 kHz

4
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E 0 que queremos fazer com todos estes dados?

testar o Modelo Padrao!

Comparagao com
as previsoes teoricas

0 acordo é excelente

Standard Model Total Production Cross Section Measurements status: Juiy 2018

o
&

b

1011£O

10° £

10°

10*

103

10°

10t

101

wig
80 b

ATLAS Preliminary
Run1,2 vs=7,8,13 TeV

Theory

LHC pp Vs =7 TeV

BBl  Data 45-461!

LHC pp V5 =8 TeV

A Data 20.2 - 20.3fb

3 LHC pp Vs =13 TeV
Bl a2 32-798f"
E S
PN o
i
E a =
F s Po ia = | e
el < S B o
E =] 20107 & 10
A
VBF
B =
| VH n I n
o
. "]
ttH (A A
PP tt t WwWWw H Wt WzZ ZZ t ttW ttZ tZj

t-chan

s-chan 35



E 0 que queremos fazer com todos estes dados?
testar o Modelo Padrao!

Comparagao com
as previsoes teoricas

0 acordo é excelente

Standard Model Production Cross Section Measurements

pp

Jets R=0.4

Dijets R=0.4

Y

ti—chan
ts—chan
Wt
tzj
ww

wz

zz

24

Wy

Zy
wv
ttw
ttz

tty

Wijj EwK
Zjjewk
Vq/y

Zij Lk

(tot.)
(tot.)

(tot.)
(tot.)

(tot.)

(tot.)
(tot.)

WEWHjj EwK
WZjj EWK

Status:

:

§ et Y1

July 2018
T T
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E 0 que queremos fazer com todos estes dados?
testar o Modelo Padrao - propriedades do bosao de Higgs
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E 0 que queremos fazer com todos estes dados?
testar o Modelo Padrao - propriedades do bosao de Higgs

ttbar decay BRs Higgs decay BRs
other* (11.2%)

di-lepton (10.5%) \
- YY (0.2%)
\

@ bb (58.1%)

@ all hadronic (45.7%) ® wWw* (21.5%) smaller BR,
® lepton + jets (43.8%) O 1T (6.3%) higher purity
@ di-lepton (10.5%) ® 2z* (2.6%) foenerai)

® Yy (0.2%)
® other* (11.2%)
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E 0 que queremos fazer com todos estes dados?
testar o Modelo Padrao - propriedades do bosao de Higgs

\

ttH(bb)

ttH ti-lepton
(mostly H—=»WW* and

ttH(ZZ* - 41)

ttH(yy)

ttH combination

@ bb (58.1%)

® WW (21.5%) smaller BR,
TT (6.3%) higher purity

® ZZ(2.6%) b

@® yy (0.2%)

® other (11.2%)

36.1 fb-1, 13 TeV Phys. Rev. D 97, 072016

36.1 fb-1, 13 TeV Phys. Rev. D 97, 072003

79.8 fb-1, 13 TeV

CERN-EP-2018-138
submitted to PLB

79.8 fb-1, 13 TeV

36.1 - 79.8 fb-1, 13 TeV
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E 0 que queremos fazer com todos estes dados?
testar o Modelo Padrao - propriedades do bosao de Higgs

£ F '

2 10°F ATLAS ¢ Data W iH [ Jtt + light
£ i E=13Tev, 36.1 b Ott+21c  @tt+21b @t +V
L%’ 10" F Single Lepton []Non-tt 7, Total unc. ---ttH

t Pre-Fit

10t

1.25

0.75 ¢
0.5

Data / Pred.

Cﬁf/ CI?I/ CRSI 5‘925/ SR9 SRbog, CH 29 C/S’;@ CR>6, S/S“e/ 3:%9/ SRz
Digny  r21g " Prlgny 1 40



E 0 que queremos fazer com todos estes dados?
testar o Modelo Padrao - propriedades do bosao de Higgs

root node

decision nodes

salary at least
$50,000

machine learning:

commute more
than 1 hour

y
offers free decline
coffee offer
no
Y leaf nodes
decline
offer

decline
offer

decision trees

Decision Tree:
Should I accept a new
job offer?

Y B




E 0 que queremos fazer com todos estes dados?
testar o Modelo Padrao - propriedades do bosao de Higgs

1E

-'(B _IIII|IIII| IIIIIIIIIIIIIIII |IIII|IIII|IIII|II#
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BDT Output

Or T 71771
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E 0 que queremos fazer com todos estes dados?

testar o Modelo Padrao - propriedades do bosao de Higgs

Sum of Weights / 2.5 GeV

35
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5

L B B B B B B
Data ATLAS

2 E
- Continuum Background |s = 13 TeV, 79.8 fb e
- =-=-=-- Total Background my, = 125.09 GeV ]
:_ —— Signal + Background All categories _:
C In(1+S/B) weighted sum .
- bl
F ty T E
C | 1 1 1 | | 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 n
110 120 130 140 150 160
m,, [GeV]
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E 0 que queremos fazer com todos estes dados?
testar o Modelo Padrao - propriedades do bosao de Higgs

T T T T | T T T T | T T T T I T T T T I T T T T | T T
ATLAS e Total Stat. [ Syst. — SM
Vs=13TeV, 36.1 - 79.8 fb

Total Stat. Syst.
ttH (bb) H = | H 079+ 80 (+ 3% ,+0.53)
ftH (multilepton) —e—i 1568 b {3 55 otk 537 )
ftH (yy) ] 139 5 {£ 0o s o )
fiH (22) fe <1.77 at 68% CL

Combined H==H 132+ 020 (£0.18,% 4)

1 1 | 1 1 1 1 | | 1 1 1 | 1 1 1 1 | 1 1 1 1 | |

-1 0 1 2 3



E 0 que queremos fazer com todos estes dados?
testar o Modelo Padrao - propriedades do bosao de Higgs

Events / 10 GeV

Data/Pred.

_Y T T T T T T T T T I T T T I | T T I T T T | T T T I T T T | I_‘
240 E 14 LAIS ! —o— Data =
220 = (s=13TeV,79.81" ; \I;::’o':; bB {ji=1. 06)_:
200 = 1lepton, 2 jets, 2 b-tags it E
180~ pY > 200 GeV I Single top —
E Multijet =
160 C Il W+jets ]
140 Bl Z+jets —
120 = Uncertainty =
C SONREf= | e Pre-fit background
100 — VH,H > bb x3 —
80 —
605 =
40 =
20 i
1 -5 L | T
05 — I | 1 | Il | i 1 | Il Il

40

60 80 100 120 140 160 180 200
m,, [GeV]

45



E 0 que queremos fazer com todos estes dados?
testar o Modelo Padrao - propriedades do bosao de Higgs

>> [T T ""."I. T TTTTT |
El> gL ATLAS Preliminary |
= E Vs=13TeV,36.1-79.81b" 7z #3
2 E m,=125.09GeV, |y, |<25 N A
el T . =W .
Y 101 SM Higgs boson _
_D i ."#‘—‘ ]

10 g_ Paal b —§

E B € =

10° =

E R 3

10 { =

-~ o .I ' el | | —
£ tap -
- l2f 3
5 C ]
¥ L S I * """""""""""""" # +‘
0.9~ 7

08~ .

0.7 — —

107! 1 10 102

Particle mass [GeV]
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E 0 que queremos fazer com todos estes dados?
testar o Modelo Padrao (e o que mais houver)!

= Mas porqué procurar indicios de fendmenos para além do Modelo Padrao?
o porque € uma obrigacao cientifica dos experimentalistas ...
o ...mas também porque ha boas motivacoes para tal:

hierarquia de massa dos fermides (e seu nimero)

assimetria matéria/anti-mateéria

|
[
m origem da matéria escura
|
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E 0 que queremos fazer com todos estes dados?
testar o Modelo Padrao (e o que mais houver)!
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E 0 que queremos fazer com todos estes dados?
testar o Modelo Padrao (e o que mais houver)!

ATLAS Exotics Searches* - 95% CL Upper Exclusion Limits ATLAS Preliminary

Status: July 2018 ]L dt = (3.2-79.8) fo ! Vs=8,13TeV
Model Ly Jetsi ET™ [rayqm™ Limit Reference
T T T
& ADD Gk +s/q Oep 1-4] Yes 361 |Mp 7.7TeV n=2 171103301
i< ADD non-resonant yy 2y = = 36.7 Ms 8.6 TeV n=3HLZNLO 1707.04147
@ | ADDGBH = 2j = 370 | Mu 8.9TeV 1703.09127
§  ADDBHhigh ¥ pr 2lep 22 - 32 My 82TeV =6, Mp = 3TV, rot BH 160602265
E ADD BH multijet . >3] = 36 M 9.55 TeV 151202586
B RS1 Gk - ¥y 2y - - 367 | Gk mass 41TeV 1707.04147
g Bulk RS Gyx — WW/ZZ multi-channel 36.1 | Gy mass 23TeV CERN-EP-2018-179
w Bulk RS gkx — tt Tepu 21b>1J2) Yes  36.1 Buk Mass. .8 TeV 1804.10823
2UED/ RPP lepu 22b23] Yes 361 KK mass 1.8 TeV Tier (1,1), BALD — tr) 1803.09678
SSM 7/ — tf 2ep - - 364 |Z'mas 45Tev 1707.02424
123 SSM Z' - 11 2r e At 36.1 Z' mass 2.42TeV 1709.07242
§ Leptophobic Z' — bb - 2b - 364 |Zmass 24 TeV 180509299
8 | Loptophobic 27 — 1t fepu :1b>102 Yes 361 | Zmass 30Tev fm=1% 1804.10828
SSM W’ — v Ten - Yes 798 | W' mass 5.6TeV ATLAS-CONF-2018-017
§’ SSMW’ - 7v 1r - Yes 361 | Wmass 37Tev 180106992
&  HVTV WV o qggqmodel B Oep 24 - 798 |Wmass 4.45TeV & ATLAS-CONF-2018-016
HVT V' — WH/ZH model B multi-channel 361 |V mass 293TeV & 1712.06518
LRSM W, — tb multi-channel 36.1 | W mass 3.25TeV CERN-EP-2018-142
Clqqaq — 2j = 370 |A 218TeV 1703.09127
Clttqq 2epn - - %1 A 400TeV 7, 1707.02424
Cl et ey 21b21] Yes 364 |A 257 TeV 1Cel = 4n CERN-EP-2018-174
Axialvector mediator (DiracDM) O e.u 1-4)  Yes 361 | M 155 TeV 0, m(x) = 1GeV 1711.03301
E Colored scalar mediator (Dirac DM) 0 e, 1-4]  Yes 361 L 1.67 TeV £=1.0, m(y) = 1GeV 1711.03301
Wiy EFT (Dirac DM) Oep  14s1j Yes 32 [M 700 GeV. m{x) <150 GeV 1608.02372
Scalar LQ 1* gen 2e 22j - 32 |Lamass 11 TeV 1 160506035
S,’ Scalar LQ 2" gen 2p 22j = 32 [LQmass 1.05 TeV 1 1605.06035
Scalar LQ 3" gen Teu 21b23j Yes 203 p=0 1508.04735
@ VLQTT - HYZyWb+ X multichannel 36.1 | Tmass 137 TeV SU(2) doutlet ATLAS-CONF-2018-032
§  VLOBB - WZb+ X multi-channel 361 |Bmass 1.34 Tev SU(2) doutlet ATLAS-CONF-2018-032
& VLQTysToslTss > We+ X 2(SS)23epu21b21] Yes 364 |Taamass 1.64TeV B(Ton = We)= 1. c(TsaWe)=1 | CERN-EP-2018171
S viQY - Wb+ X fep 21b21 Yes 32 |Ymass 144 TeV B(Y - Wh)=1, c(YWb)=1/v2 | ATLAS-CONF-2016-072
8§ VQB-Hb+X Oep2y 21b>1 Yes 798 |Bimass 1.21TeV. =05 ATLAS-CONF-2018-024
% VLA QQ - WaWq lep 24]  Yes 203 1509.04261
€ Excited quark g* — qg - 2j - 37.0 | gt mass 6.0 TeV only u” and d*, A = m(q") 1703.09127
Bl ccieo quark g* — qy 1y 1j = 367 | mass 5.3TeV only u” and d*, A = m(q") 170910440
ﬁ Excited quark b" — bg. - 1b1j - 36.1 b* mass 26TeV 1805.09299
& | Excitedlepton £ Seu - - 203 A=30Tev 14112021
S Excited lepton v* Seput - - 203 A=16Tov 14112921
) Type Ill Seesaw Ten  22]  Yes 798 ATLAS-CONF-2018-020
LRSM Majorana v 2ep 2j - 203 m(Wi) = 2.4 TeV, no mixing 1506.06020
o | Higgs triplet H** — ¢¢ 234epu(88) - = 36.1 870 GeV. DY production 171009748
2 | Higgs triplet H** — (r Beput - - 203 DY production, B(H;* — fr) =1 1411.2921
Monotop (non-res prod) Ten 1b Yes 203 Bnonoees = 02 14105404
Multi-charged particles - — - 203 DY production, g  Se 1504.04188
Magnetic monopoles - - - 70 DY production, g1 = 1gp, spin 1/2 150908059
1

*Only a selection of the available mass limits on new states or phenomena is shown.

Small-radius (large-radius) jets are denoted by the letter j (J)

10 Mass scale [TeV]
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a procura do desconhecido
um exemplo: o problema da hierarquia

e Se assumirmos que tem de haver nova fisica a uma escala muito mais
elevada do que a que nos é acessivel agora (escala de unificagao):

o amassa do Higgs deixa de ser um parametro livre, sendo calculavel:

n

o
bare mass

My%= 3.233459429634¢2905438634964332159643
_3.2%3%45942943%29054¢386349643321594L45

37 quantfum ... Q .....
=710 (in planck umits) corractions, 2.9.
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a procura do desconhecido
um exemplo: o problema da hierarquia

* A solucao “natural”’ para fazer este balanceamento sem ajustes
finos € ter novas particulas de massa elevada (parceiros do top)

oy
/l/,' g 7‘\\
78 1T &\

N\HZ ~T0 - 9 = T (in units of ~100 GV squared) '
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~ . b,t,t
a procura do desconhecido

um exemplo: novos quarks (vectoriais)

W~ H,Z
h
/ /
Singlets Ir.r Br.r b,t,t
charge

oo f (=) ()
oublets 4

b L.R ) L.R

/
Triplets B

Y /) 1k
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a procura do desconhecido
um exemplo: novos quarks (vectoriais)

BR(T — Ht)

1 T T T T
os m, = 800 GeV m. =900GeV ] ATLAS
' V5 =13 TeV, 36.1 fo
0.6 %'06 0?0,5 = ) )
J@/, J(s‘, === Exp. exclusion ! Obs. exclusion
0.4 & Qo E
W(IV)b+X [arxiv:1707.03347)
0.2 E H(bb)t+X farxiv:1803.09678]
950 GeV 1000 GeV Z(VW)t+X fardiv:1705.10751)
0.8 . m; = S € m; = e - Trilep./same-sign [cern-EP-2018-171]
0.6 (420%' o~ (/%%‘ 3 Z(I)b+X fasiv-1808.10555]
04 OQ/ C‘Q/ ] All-had [cern-EP-2018-176]
0.2 1 & SU(2) doublet @ SU(2)singlet
" m, = 1050 GeV I "~ m, = 1100 GeV "m, = 1150 GeV ]
0.8F2y "Ny PN : ]
0.6 > (4?0 RN 0?0
0.4 Z ~. Qs
0.2
o5 E\\ m, = 1200 GeV } :.* m, = 1300 GeV m, = 1400 GeV
! " LN T
i 2 & 2
[ %%, 2 ¥ % ]
0.6 " ,o% ) * 0% ) * ,O@ )
4 “el ‘@) @)
0.4 s N2 % + % b
0.2F% Y . 2N ) ° 1 ° i
i N N1 N S T
0 02 04 06 038 0 02 04 06 O 0 02 04 06 08 1

BR(T — Wb)
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a procura do desconhecido
um exemplo: novos quarks (vectoriais)

RN EARAN REELE REED RARES LERRN RERLE RAREN LAREN LERE
ATLAS

{s=13TeV, 36.1 fb™
VLQ combination

Expected limit

BR(T — Hi)
o
(00]

¥ SU(2) doublet
O SU(2) singlet

0 0.10.20304 0.5 0.6 0.7 0.8 0.9
BR(T — Wb

IIlllllI|Illl|IIlllllII|lll|||lll|||[[|l||||ll|

A

]
)
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Resumo dos resultados de ATLAS
missao impossivel (nem sequer tentada aqui...)
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Resumo dos resultados de ATLAS
ph yS'iCS br. iEf ings https://atlas.cern/updates/briefing

Physics Briefing

Could a new type of quark fix the
“unnaturalness” of the Standard
Model?

ATLAS
S=13TeV, 361 1"
VLQ combination
Observed fimit

BR(T - HY)

% SU(2) doublet

O SU(2) singlet

While the discovery of the Higgs boson at the Large Hadron
Collider (LHC) in 2012 confirmed many Standard Model
predictions, it has raised as many questions as it has answered.
For example, interactions at the quantum level between the v D

Higgs boson and the top quark ought to lead to a huge Higgs RO ESCER A  TS T T

boson mass, possibly as large as the Planck mass (>10'8 GeV). So Lot

why is it only 125 GeV? Is there a mechanism at play to cancel these large quantum corrections caused by the top
quark (t)? Finding a way to explain the lightness of the Higgs boson is one of the top (no pun intended) questions
in particle physics.

Read more -

Physics Briefing

pY > 200GeV.

Higgs boson observed decaying to b 3 e T
quarks - at last! S 200E i om zhgs 0

Today, at the 2018 International Conference on High Energy
Physics in Seoul, the ATLAS experiment reported a preliminary
result establishing the observation of the Higgs boson decaying
into pairs of b quarks, furthermore at a rate consistent with the
Standard Model prediction

Read more -

15 E32aRand Eonz Rars T
05 4
40 60 80 100 120 140 160 180 200
m,, (GeV]

Data/Pred.




O futuro
ATLAS e LHC

LHC /HL-LHC |

LHC
Run 2 | Run 3
LSt 13 TeV EYETS 13.5-14 TeV 14 TeV 14 TeV energy
injector upgrade 5t07 x
splice consolidation cryo Point 4 cryolimit HL-LHC nominal
7Tev 8TeV button collimators DS collimation interaction N X luminosity
e P2-P7(11 T dip.) regions installation

R2E project
Civil Eng. P1-P5

2025

2021

2020

2019

2018

2013 2014 2016

2012

7

radiation

2 x nominal Iuminu‘i\at;nage experiment
Y experiment experiment upgrade
zgrﬁinal beam pipes nominal luminosity I—— | phase 1 — upgrade phase 2
luminosity |

—
EXE 150 " | 300 b | B



O futuro
ATLAS e LHC

E 1400 ATLAS Slmul (I NOVO detectorr

1200, '

= il

30

e ! | P L P
500 1000 1500 2000 2500 3000 3500
2 [mm]

Nova detector
de muoes
“Small Wheel”

Hadware pafé H.igh Granularity
= reconstruir tragos Timing Detector
i carregados (trigger) (30ps/traco)

[R. Gongalo]
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Obrigado pela atencao

Perguntas?

podem sempre contactar-me via nfcastro@lip.pt
e estarei por ca até ao fim da semana - tenho todo o prazer em

discutir quaisquer pontos que queiram



And now
for something
completely different...
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International Particle
Physics Outreach Group

o

MASTERCLASSES

hands on particle physics
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O programa HYPATIA
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‘ O Bosao de Higgs
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O Bosao de Higgs
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Op en data «10° Invariant Mass of the Z Candidate
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