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O papel dos experimentalistas
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- Logica (“formal” e “da batata™)

Ou como decidir que experiéncias fazer.
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Wason selection task

<7
[ https://en.wikipedia.org/wiki/Wason_selection_task ]

0 “You are shown a set of four cards placed on a

table, each of which has a number on one side and
a colored patch on the other side. The visible faces
of the cards show 3, 8, red and brown. Which
card(s) must you turn over in order to test the
truth of the proposition that if a card shows an

even number on one face, then its opposite face
is red?”
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Wason selection task
=L

0 “Hd quatro cartas na mesa, cada uma com um
numero num lado e uma cor no outro. Podemos ver
um 3, um 8, uma vermelha, e uma castanha. Que
carta(s) tém que ser viradas de forma a testar a
veracidade da proposicdo que se uma carta tem
um nUmero par de um lado, entdo a cor do outro
lado é vermelho?”
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Trocado por middos

0 Como testar a ideia que “par = vermelho’?
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0 Ou seja:
par = vermelho
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Légica (formal)

0A=>B & 1B = A,

0 Ou seja:
par = vermelho < ndo-vermelho = ndo-par.
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Légica (da batata)

0 par = vermelho
—

ndo-vermelho = ndo-par.

0 O que é que a regra implica para cada uma das
cartas?
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- Respeitar a incerteza
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A importdncia da incerteza

m [ http://observador.pt/especiais/transplante-de-medula-ossea-um-novo-e-grande-incentivo/ |

A taxa de sucesso em Portugal fol
maior que a média europela

Numero 290 projetos Horizonte 2020 Niiiara

apresentadas aprovados

Taxa
de sucesso

- _ 13,65%
@ Total da Unido Europeia

@ Portugal

Fonte: Gabinete de Promogao do Programa Quadro de I1&DT/Ministério da Educacao e Ciéncia
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A importancia da incerteza

m [ http://observador.pt/especiais/transplante-de-medula-ossea-um-novo-e-grande-incentivo/ |

13,65% 14,29% E os algarismos significativos ?
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A importdncia da incerteza

m [ http://observador.pt/especiais/transplante-de-medula-ossea-um-novo-e-grande-incentivo/ |

31.372 2,030 ‘ 4.281

290/2030 > 4281/31372 ?
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A importdncia da incerteza

[ http://observador.pt/especiais/transplante-de-medula-ossea-um-novo-e-grande-incentivo/ |

31.372 2,030 ‘ 4.281

290/2030 > 4281/31372 ?

Ou seja, 1.047 > 1 ?
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A importdncia da incerteza

[ http://observador.pt/especiais/transplante-de-medula-ossea-um-novo-e-grande-incentivo/ |

$ R

R version 3.2.2 (2015-08-14) -- "Fire Safety"
Copyright (C) 2015 The R Foundation for Statistical Computing
Platform: x86 64-apple-darwinl4.5.0 (64-bit)

> library ("rateratio.test")
> rateratio.test (c(290,4281),c(2030,31372),conf.level=0.90,alternative="greater")

Exact Rate Ratio Test, assuming Poisson counts

data: <¢(290, 4281) with time of ¢(2030, 31372), null rate ratio 1

p-value = 0.2331

alternative hypothesis: true rate ratio is greater than 1

90 percent confidence interval:

0.9664013 Inf )
sample estimates: A taxa de sucesso em Portugal foi

Rate Ratio ~ Rate 1 Rate 2 maior que a média europeia
1.0468849 0.1428571 0.1364593

Ntmero 290 projetos Horizonte 2020 Ntmero
de propostas aprovados em Portugal de projetos
apresentadas aprovados

Taxa
de sucesso

B 13,65%
@ Total da Unizo Europeia

@ Portugal

Fonte: Gabinete de Promocao do Programa Quadro de 1&DT/Ministério da Educagao e Ciéncia
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A importdncia da incerteza

CERN
\
N

m [ http://observador.pt/especiais/transplante-de-medula-ossea-um-novo-e-grande-incentivo/ |

A taxa de sucesso em Portugal foi basicamente a mesma
#Aater que a média europeia

Numero 290 projetos Horizonte 2020 Niiiara

apresentadas aprovados

Taxa
de sucesso

- _ 13,65%
@ Total da Unido Europeia

@ Portugal

Fonte: Gabinete de Promogao do Programa Quadro de I1&DT/Ministério da Educacao e Ciéncia
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Um final feliz: artigo actualizado

m [ http://observador.pt/especiais/transplante-de-medula-ossea-um-novo-e-grande-incentivo/ |

A taxa de sucesso em Portugal esta
em linha com a média europeia

NGmero 290 projetos Horizonte 2020 Nimero

apresentadas aprovados

Taxa
de sucesso

. » 13,65%
@ Total da Unido Europeia

@ Portugal

Fonte: Gabinete de Promogao do Programa Quadro de I&DT/Ministério da Educacao e Ciéncia
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- Exactiddo e precisdo

Erros e incerteza
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Dicas sobre exactiddo e precisdo
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Erros ndo sdo incertezas
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Dicas sobre erro e incerteza
I
NOLONGERJUNCERTAINES

1 Erro: o resultado de um desvio ou de
uma incorrecgao.

0 Incerteza: o qudo ndo se conhece
algo.

THAT ITWAS AN ERROR

o1 E incorrecto chamar erros as incertezas.

0 E.g., os experimentalistas corrigem
erros sistematicos.

0 E essas correcgdes adictionam incerteza
as medidas.
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“ “Agua mole em pedra dura...”

Ou o preco de procurar coisas novas.
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Significant — xkcd.com /882

JELLY BEANS WE FOUND NO THAT SETILES THAT.
CAUSE ACNE! LINK GETWEEN -

T HEAR ITS
saenmss! | | JEUy BEANS AW | | | 4 conancoio
INVESTIGATE! ANNE (P> 0.05) THAT CAUSES IT.

BUT WERE
mfﬁ’f‘ SCIEI«ITSTS"
Flr--rE.L Hrllmf.cmﬁ

@k

A
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Significant — xkcd.com /882

WE FOUND MO WE FOUND MO WE. FOUND MO WE FOUND MO WE FOUND MO
LINK BGETWEEN LINK, GETWEEN LINK, GETWEEN LMK GETWEEN LINK GETWEEN
PURPLE JELLY BROWN JELLY Pinie. JELLY BLWE JELLy TEAL JELLY
BEAMS AND ANE BEmsmnH:HE BEANS AND ANE BEAMS PHD ANE BEAMS AND ANE
(p> L'&.GE), (p> ELCI-E} (p>0.05) (p> D.cs), (p> 0.4:5)_
/ / / /
WE FOUND MO WE FOUND MO WE FOUND MO WE FOUND MO WE FOUND MO
LMK, BETWEEN LMK, BETWEEN LINK, GETWEEN LMK GETWEEN LMK GETWEEN
SALMON JELLY RED JEuy TURGUOISE JELLY | | MAGENTA JELLY YELLOW JELY
BEANS PRD ANE BEANS AND ANE BEAMS AMD ACNE BEANS PRD ANE BEANS ArD BCNE
(P>0.05) (p> 0.05 ), (p>0.05) (p> 0.05), (p>005).
/ / / / /

@DrAndreDavid

PTLTP - 2024




Significant — xkcd.com /882

WE FOUND NO WE FOUND NO WE FOUND NO WE FOUND A WE FOUND NO
LINK BETWEEN LINK BETWEEN LINK BETWEEN LINK BETWEEN LINK BETWEEN
GREY JELY TAN JELLY Cvan JELLy GREEN JELLY MAVE JELLY
BEFNS PHDANE | | BEANS ANDANE | | BEANS ANDAMNE | | BEANS ANDACNE | | BERNS AND ANE
(p>005) (p>0.05), (p>005) (p<005) (p>005)
/ / / e /
WE FOUND NO WE FOUND NO WE FOUND NO WE FOUND NO WE FOUND NO
LINK BETWEEN LINK BETWEEN LINK GETWEEN LINK GETWEEN LINK BETWEEN
BEIGE JELLY LILAC JELLY BLACK, JELLY PERCH JELLY ORANGE JELLY
BEANS PHDANNE | | BEANS ANDAME | | BEANS ANDAME | | BEANS ANDANE | | BERNS AND ANE
(Pp>005) (P>0.05) (p>005) (P>005) (P>005)
/ / / / /
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=] Significant — xkcd.com /882
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Uma proposta irrecusdvel

0 Mandei-te previsdes correctas para comprar ou
vender no mercado accionista todas as semanas
durante as Ultimas 10 semanas.
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Uma proposta irrecusdvel

0 Mandei-te previsdes correctas para comprar ou
vender no mercado accionista todas as semanas
durante as Ultimas 10 semanas.

0 Qual é a probabilidade de isto acontecer por acaso?
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& Uma proposta irrecusdvel
I
0 Mandei-te previsdes correctas para comprar ou
vender no mercado accionista todas as semanas

durante as Ultimas 10 semanas.

0 Qual é a probabilidade de isto acontecer por acaso?

0 Obviamente deves mandar-me 1000€ para eu os
investor por ti.

o Certo?

@DrAndreDavid



Uma proposta irrecusdvel

0 Mandei-te previsdes correctas para comprar ou
vender no mercado accionista todas as semanas
durante as Ultimas 10 semanas.

0 Qual é a probabilidade de isto acontecer por acaso?

0 Obviamente deves mandar-me 1000€ para eu os

investir por ti. =
P e

o Certo?
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01 Survivorship bias.

0 “the parapsychology researcher
Joseph Banks Rhine believed he
had identified the few
individuals from hundreds of
potential subjects who had
powers of ESP. His calculations
were based on the improbability
of these few subjects guessing”

0 Importante ao noticiar e ao
comunicar.

@DrAndreDavid  PTLTP - 2024 o*
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The experimental method

falsifying theories since the dawn of reason
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Evolutions & revolutions of the elements
[ Plot courtesy of Jim Virdee ]

| | | | | | | |
100 (= Chemical . E
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- B Particles .
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wl
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o
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Pixel detector 5635 m

4.645m
3.850 m

Si Tracker

2.950 m

\ N
A 2
) \ ) 060 m

' - 1“0’"

Hadron calorimeter o 1320
Solenoid coil (4T)
Magnet return yoke ,
Muon chambers .

Center of LHC
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&) 2007: ECAL barrel installed

1muf
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Key:
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Charged Hadron (e.g. Pion)
- = = - Neutral Hadron {e.g. Neutron)
== ===Photon \
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Tracker
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. ’lll Calorimeter ] 5
| ]
Hadron Superconducting =
Calorimeter Solenoid W E
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— Detecting particles in CMS
gp

| I l | I I | |

Oom m 3m am 5m 6m m
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The Standard Model of Particle Physics

://cds.cern.ch /record /2748662 ]

d»
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E

The Standard Model of Particle Physics

—50,9:0,95 = 957" 0ug59,95 — 1921 Y 9,959,9; + 3192V aF )qp + GG + qsfﬂbcapé“Gbgﬁ -
OWHo, Wy — MWW, — 19,299,209 — 5 M2Z070 — 19,4,0,A, — 10,HO,H — tm? H? — 8,67 0,0~ —
MG+ ¢~ — 10,6°0,0° — 5 M0 — B[ 5 + L H 4+ L(H? + ¢°¢° + 26 ¢™)] + 25y — igeu [0, Z0(Wi Wy —

WJW;) - ZB(W:BI,W; - W;@VWJ) + ZS(WJBI,W; - W;(‘?,,WJ)] — igsw[BVAH(WJW; — WJW;) -
AWFOW, =W ,Wr) + A (Wio,W, — W, oW, — 3*WIW WW, + 32 WiIW, WEW, +

G (W Z)W, — ZaZgW W) + g*sh (AW, F AW, — A AWIW, ) + g2syeu[A Z) (W IEW, —
W)W, ) =24, Z)W, W] — ga[H® + H¢°¢5° +2H¢ 7] — ggPan[H' + (¢°)' +4(07¢7)* + 4(¢°) %0 o™ +
4H2¢+¢‘J +2(¢°)2H2] gMW W H =595 Z0Z0H — 5ig[W,F (6°0,07 =67 0,0°) = W (¢°0,6" — 67 0,6°)] +

59 Wi (HO9™ — ¢~ 0,H) =W, (H5u<i>+ ¢>+3 H)| + g1 (Z0(H8,¢° — ¢°0,H) — ig2: M ZY(W;t ¢~ —
W;¢+) + z'gst'A”(W:qb_ - W;¢+) 2cw ZE(¢+8M¢5_ — ¢70,97) +igswA (¢+8ﬂ2¢_ — 07 0,07) —
i92W+W_[ +(¢°)? + 2097 - %92éZﬂZS[H2+(¢°)2+2(2Si 126797 = 36222 Z0¢°(W,Eo™ +
Wrot) — 5ig —“lZOH(W"'(jﬁ_ Woot) + 50750 u(b“(W"'qﬁ' +W‘¢5+)+ 51975, A, H(W"‘(,b‘ W, ot) -
92“ :(2¢2 — l)ZOqu‘frf;S_ —g's2 A A9t — € ("}/5+m et — vAyovt — ) A0 +m) ) (i)‘('}f@+1rr),d)d’\
igswAu[—(@y"e)) + 3 (u?wf“u )— 3(d" HAY)]+ L Zp[(P (1497 02) + (94 (dsy, = 1=7°)ed) + (ar* (35
L=2")u}) + (37" (1 = §s%, = 7°)d})] + ;%WJ[(V 7“(1+’¥ )er) + (@ (1 +7°)Oxedf)] + 35 W, [( 7“(1+
V) + (d”’Ciﬂ“(l +)u))] + 35 e [— gt (v 7P)et) + o (eM1 + VW - §5 [H
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The Standard Model of Particle Physics

[ http://cern.ch/go/dWéz ]
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Weak force — star combustion Strong force — protons and neutrons
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How SM Higgses are

[ http://cern.ch/go/cWH8 ][ http:/ /cern.ch/go/SnJ8 ]
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How SM Higgses die V

[ http://cern.ch/go/qkhé 1[ arXiv:1208.1993 |
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201 1: nothing else in the horizon

[“Lawrence of Arabia” idea from C. Grojean]

7 We first saw that we could not exclude a narrow
range.
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. 201 1: nothing else in the horizon

[“Lawrence of Arabia” idea from C. Grojean]

7 We first saw that we could not exclude a narrow
range.
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2012: a rider!

[“Lawrence of Arabia” idea from C. Grojean]

0 We discovered a peak rising from the background.
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July 4, 2012

Lookin= u: to a new boson
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= Higgsdependence day recap

@)

A

/

[ http://cern.ch/go/q8ix ]

1 ¥ L L |
A___TI..g.mmnw 97 + 2012 Data

v Exp a7 TaV. s = dian i’ Y
— . el 15w BTeV: [Lot S B50 8
L

0 Both experiments at 5.00.

O One above SM expectations... §m- :
GATLASIGSM = ].2 i0.3 (Gt ]26.5 GeV). 0"

10

o ...the other one below. :
Ocms/Osm = 0.80 £0.20 (at 125 GeV).

O R e s MO e i i 1 10
[GoV]
0 Mass (e "
o 10 . — A :
0 ATLAS: min. p-value at 126.5 GeV. < oo na |l pippe S e O
1 — ek 8 To¥ - S080m° )
0 CMS: my = 125.3 £0.6 GeW. i i Tem T
5 _.-'.. ':,___"
“Proto-couplings” compatible with SM. .
“ ,, P TEPEE TR . L P 1éo 1& 12'* 1“ 1'“
‘More data needed... T e S
%a“;“ R 3 5,55 ATLAS Proiminary p g e
-2 fujet morvals 2011 - 2012 Data ® 20 'g. - Bosi e T
o, v 180 .”.TT'Q'Z s - £ | £ 25 m-amau<t =8 TeV [Lea5859m"
e BT Lo A WIH--my ﬁ 1"”5 1.5
; =4 | B i |
M T . 0s
. - e il %
o T - .
T Ly LI R R s T T T T i
W R S v i) m, (Gev) m, [Gev]

@DrAndreDavid  PTLTP - 2024



Evolutions & revolutions of the elements

I The Standard Model of particle physics

Years from concept to discovery
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I The Standard Model of particle physics

Years from concept to discovery
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y Evolutions & revolutions of the elements
2

I The Standard Model of particle physics m Leptons | Theorised/explained

Years from concept to discovery : SE:'::: | Discovered

1880 90 1900 10 20 30 40 50 60 70 E_l} 90 2000 1_2

Electron |—|—|

Photon | |
Muon |

Electron neutrino e —— |
Muon neutring =

Down
strange
Up
Charm 1
Tau |
Bottom |1
Gluon I—l
W boson |-—-|
Z boson |
Top [
Tau neutrino M

HIGGS BOSON | ; |
Source: The Econamist
Almost 50 years !
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What do you think?

Should The Higgs Boson be TIME's Person of the
Year 20127

() Definitely () No Way

Take a moment to thank this little particle for all the
work it does, because without it, you'd be just
inchoate energy without so much as a bit of mass.
What's more, the same would be true for the entire
universe. It was in the 1960s that Scottish physicist
Peter Higgs first posited the existence of a particle
that causes energy to make the jump to matter. But it
was not until last summer that a team of researchers
at Europe's Large Hadron Collider — Rolf Heuer,
Joseph Incandela and Fabiola Gianotti — atlast
sealed the deal and in so doing finally fully
confirmed Einstein's general theory of relativity. The
Higgs — as particles do — immediately decayed to
more-fundamental particles, but the scientists
would surely be happy to collect any honors or
awards in its stead.

Photos: Step inside the Large Hadron Collider.
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On the shoulders of giants
de’rec'ror makers & theory calculators

“Yesterday’s discovery is today’s calibration, and tomorrow’s background.” — V. L. Telegdi [ http://cern.ch/go/If9C ][ http://cern.ch/go/KD8D ]
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0 7 TeV CMS measurement (L <5.0 b )

@ 8 TeV CMS measurement (L <19.6 fb 2

i 13 TeV CMS measurement (L <137 fb")
- Theory prediction
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All results at: http://cern.ch/go/pNj7
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2013: a rider with a gun

[“Lawrence of Arabia” idea from C. Grojean]

0 By early 2013 a clear Higgs-like picture emerged.
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@ The Nobel Prize in Physics 2013
Frangois Englert, Peter Higgs

Share this: I E 1< £

The Nobel Prize in Physics
2013

\

Photo: A. Mahmoud Photo: A. Mahmoud

Frangois Englert Peter W. Higgs
Prize share: 1/2 Prize share: 1/2

The Nobel Prize in Physics 2013 was awarded jointly to Frangois
Englert and Peter W. Higgs "for the theoretical discovery of a
mechanism that contributes to our understanding of the origin of
mass of subatomic particles, and which recently was confirmed
through the discovery of the predicted fundamental particle, by the
ATLAS and CMS experiments at CERN's Large Hadron Collider"
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Nobel prizes...
-

The Nobel Prize in Physics 2013
Francois Englert, Peter Higgs

Share this: BB EIES 18 ]

The Nobel Prize
2013

Photo: A. Mahmoud
Frangois Englert Peter W. Higgs

Prize share: 1/2 Prize share: 1/2

Photo: A. Mahmoud

The Nobel Prize in Physics 2013 was awa
Englert and Peter W. Higgs "for the theor€
mechanism that contributes to our unde
mass of subatomic particles, and which r§
through the discovery of the predicted ful
ATLAS and CMS experiments at CERN's La
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- What is the Higgs boson mass?

Something that the SM does not predict.

Something we can measure!
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= Mass peaks: mass measurements
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Mass peaks: mass measurements
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Combined LHC mass measurement

ATLAS and CMS —— Total | Stat. 1 Syst.
LHC Run 1 Total  Stat. Syst.

ATLAS H—yy H——e———4 126.02+0.51 (£ 0.43 +0.27) GeV
CMS H—yy ——— 124.70 + 0.34 (£ 0.31+ 0.15) GeV
ATLAS H—ZZ—41 | : 124.51+ 0.52 (+ 0.52 + 0.04) GeV

CMS H—Z2Z—4l 125.59 £ 0.45 (£ 0.42 £ 0.17) GeV

ATLAS+CMS yy 125.07 £ 0.29 (£ 0.25 £ 0.14) GeV

ATLAS+CMS 4/ 125.15+£0.40 (£ 0.37 £ 0.15) GeV

ATLAS+CMS yy+4l 125.09 £ 0.24 ( £ 0.21 £ 0.11) GeV

123 24 25 126 27 EFT 29
m,, [GeV]
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nature.com Login : Register

nature
For the record -

Physics paper sets record with

m I more than 5,000 authors

Detector teams at the Large Hadron Collider

|:| ~ 5 ] 5 O CI U‘l‘ho r S. collaborated for a more precise estimate of the size of
the Higgs boson.

0 Found that there are two: Pavide Castelvecch
15 May 2015

o Archana Sharma

(both CMS)
o Andrea Bocci
o Muhammad Ahmad

o F. M. Giorgi
(one CMS, one ATLAS)

CERN

Thousands of scientists and engineers have worked on the
Large Hadron Collider at CERN.

A physics paper with 5,154 authors has — as far as anyone
knows — broken the record for the largest number of
contributors to a single research article.
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Standard Model of Particle Physics

n [ http://cern.ch/go/dWéz ]
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= Standard Theory of Particle Physics
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0 The SM vacuum stability depends crucially on the
masses of the top quark and Higgs boson.
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= otandard Theory of Particle Physics
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The Next Standard Model

CERN )\
\L /Y
m [ http://cern.ch/go/dWéz ]
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The Next Standard Model
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@ Moving forward

1 We must examine this Higgs to the fullest extent !
It may be the only clue to leave the SM oasis and cross the desert.
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@ Deeper into the rabbit hole
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CERN
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= oizing a Future Circular Collider

109 [ https://cds.cern.ch/record /2653532 ]
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Sizing a Future Circular Collider

110 [ https://cds.cern.ch/record /2653532 ]
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izing a Future Circular Collider
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Searching for the other 95% is no guarantee of finding them.

Two certainties remain:

@DrAndreDavid

Science

Huge atom-smasher bid to find

% - Without exploring we won't find even a smidgen of those 95%. missing 95% of Universe
' e - Without pushing back the boundaries of technology, society
| won't benefit from that bonanza.

FINANCIAL TIMES
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Cern chiefs push €16bn particle
accelerator expansion plan

Debate over funding of ‘pure science’ ventures heats up with
ambitious proposal for 91km supercollider

SCIENCE
CERN seeks €20B to build a
bigger, faster, particle accelerator

The Future Circular Collider, if built, will be three
times the size of the LHC

A Kataona Quach

Cern aims to build €20bn collider to
unlock secrets of universe

Research lab submits plans for next-generation model at
least three times size of Large Hadron Collider

Tan Sample Science editor
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0 Up above:
“Simple six-parameter

1 Down below:
(Not-as-simple) ~20-parameter Standard

The beeautiful bering Universe today
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Looking forward to surprises at higher energy:

neuirinos, #MoarData at colliders, ...
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TERMOS E CONDICOES GERAIS DE UTILIZACAO

O O

O O O 0O

Ndo deixe perguntas por fazer. Seja critico.
Pensar mais pode fazer-lhe bem.

Os resultados dependem de convicgbes e crengas pré-existentes.
Agite-as antes de tirar conclusoes.

Mantenha-se aberto a outros pontos de vista.
O conhecimento ndo gera infelicidade e pode ajudar a combaté-la.
A ciéncia desilude quem ndo estd alinhado com a realidade.

Os presentes Termos e Condi¢oes sdo regidos e interpretados de
acordo com o método cientifico.

E competente o método experimental com exclusdo de qualquer
outro para dirimir quaisquer conflitos que resultem da interpretacdo
e aplicagdo dos presentes Termos e Condi¢des.
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“...and references therein.”

11 Experiments’ pages on Higgs results:
0 ATLAS: http://cern.ch/go/71DT
0 CMS: http://cern.ch/go/6gmZ
0 Tevatron: http://cern.ch/go /h9iX

m CDF: http: //cern.ch/go/q8NV
m DO: http://cern.ch/go/9Djg
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