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Final Run 1 H→γγ analysis



About the role of experimentalists
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Ou como decidir que experiências fazer.

Lógica (“formal” e “da batata”)

PTLTP - 2023

16

@DrAndreDavid



Wason selection task
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 “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?”



Wason selection task
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 “Há quatro cartas na mesa, cada uma com um 

número num lado e uma cor no outro. Podemos ver

um 3, um 8, uma vermelha, e uma castanha. Que 

carta(s) têm que ser viradas de forma a testar a 

veracidade da proposição que se uma carta tem

um número par de um lado, então a cor do outro 

lado é vermelho?”



Trocado por miúdos
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 Como testar a ideia que “par ⇒ vermelho”?



Lógica (formal)
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 A ⇒ B

 Ou seja:

par ⇒ vermelho



Lógica (formal)
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 A ⇒ B ⇔ ¬B ⇒ ¬A.

 Ou seja:

par ⇒ vermelho⇔ não-vermelho ⇒ não-par.



Lógica (da batata)
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 par ⇒ vermelho

⇔
não-vermelho ⇒ não-par.

 O que é que a regra implica para cada uma das 

cartas?



Respeitar a incerteza
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A importância da incerteza

PTLTP - 2023@DrAndreDavid

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



A importância da incerteza

PTLTP - 2023@DrAndreDavid

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

E os algarismos significativos ?
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290/2030 > 4281/31372 ?
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290/2030 > 4281/31372 ?

Ou seja, 1.047 > 1 ?



A importância da incerteza
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$ R

R version 3.2.2 (2015-08-14) -- "Fire Safety"

Copyright (C) 2015 The R Foundation for Statistical Computing

Platform: x86_64-apple-darwin14.5.0 (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:  c(290, 4281) with time of c(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:

Rate Ratio     Rate 1     Rate 2

1.0468849  0.1428571  0.1364593



A importância da incerteza
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basicamente a mesma



Um final feliz: artigo actualizado
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Erro e incerteza

Exactidão e precisão
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Two words on accuracy and precision
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Erros não são incertezas
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Two words on

error and uncertainty
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 Error: the result of a bias or mistake.

 Uncertainty: the degree to which some 

thing is not known.

 It’s a mistake to call errors uncertainties.

 E.g., experimentalists correct for 

systematic effects (biases).

 Corrections come with added uncertainty.
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Ou o preço de pesquisar coisas novas.

“Água mole em pedra dura…”
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Significant – xkcd.com/882
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Significant – xkcd.com/882
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An offer you can’t refuse
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 I sent you correct buy/sell stock predictions every 

week for the last 10 weeks.
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 I sent you correct buy/sell stock predictions every 

week for the last 10 weeks.

 What’s the probability of that happening by chance?
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 I sent you correct buy/sell stock predictions every 

week for the last 10 weeks.

 What’s the probability of that happening at random?

 Surely you should send me $1000 to invest for you.

 Right?
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 I sent you correct buy/sell stock predictions every 

week for the last 10 weeks.

 What’s the probability of that happening at random?

 Surely you should send me $1000 to invest for you.

 Right?



What is the denominator/context?
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 Survivorship bias.

 “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”

 Important when reporting and 
story-telling.
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Theorists may see the next wave.

Experimentalists surf it.

You can’t unsee it
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Respect uncertainty
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Respect uncertainty.

Don’t mistake error for uncertainty.
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Theorists may see the next wave.

Experimentalists surf it.

Knowledge comes from disproving.

Respect uncertainty.

Don’t mistake error for uncertainty.

The harder you look, the more you find.

What is the denominator?

You can’t unsee it
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The experimental method
falsifying theories since the dawn of reason
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Crosses: experimental results pushing humans to track back and rethink their models.



Evolutions & revolutions of the elements
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LHC – the lord of the rings
[ http://natronics.github.io/science-hack-day-2014/lhc-map/ ]
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Particle detectors in CMS
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2007: ECAL barrel installed
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Detecting particles in CMS
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Detecting particles in CMS
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The Standard Model of Particle Physics
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The Standard Model of Particle Physics
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The Standard Model of Particle Physics
75 Electromagnetic force – light Weak force – star combustion Strong force – protons and neutrons
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How SM Higgses are born
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 Gluon 

fusion

 VBF

 WH, ZH

 bbH,

ttH

LHC

Tevatron

[ http://cern.ch/go/cWH8 ][ http://cern.ch/go/SnJ8 ]76



How SM Higgses die
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 Couplings and 

kinematics drive BR (bb ̅, 

WW, ττ, ZZ).

 Decays with photons (γγ, 
Zγ) through loops.

[ http://cern.ch/go/qkh6 ][ arXiv:1208.1993 ][ arXiv:1408.0827 ]

Near to maximal ΠBRi⟶
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Putting it all together
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2011: nothing else in the horizon
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 We first saw that we could not exclude a narrow 
range.

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



2011: nothing else in the horizon
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 We first saw that we could not exclude a narrow 
range.

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

Z0



2012: a rider! 
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 We discovered a peak rising from the background.

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



July 4, 2012

Looking up to a new boson
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Higgsdependence day recap
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 Both experiments at 5.0σ.

 One above SM expectations…
σATLAS/σSM = 1.2 ±0.3 (at 126.5 GeV).

 …the other one below.
σCMS/σSM = 0.80 ±0.20 (at 125 GeV).

 Mass

 ATLAS: min. p-value at 126.5 GeV.

 CMS: mX = 125.3 ±0.6 GeV.

 “Proto-couplings” compatible with SM.

 “More data needed…”

[ http://cern.ch/go/q8jx ]83



Evolutions & revolutions of the elements
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Evolutions & revolutions of the elements
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“Who ordered that ?”



Evolutions & revolutions of the elements
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Almost 50 years !
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On the shoulders of giants
detector makers & theory calculators
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“Yesterday’s discovery is today’s calibration, and tomorrow’s background.” – V. L. Telegdi [ http://cern.ch/go/lf9C ][ http://cern.ch/go/KD8D ]

W and Z bosons

Inelastic collisions: ~7×1010

Top quarks

HiggsEight 

orders of 

magnitude 

of EWK, 

top, and 

Higgs 

Physics
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2013: a rider with a gun
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 By early 2013 a clear Higgs-like picture emerged.

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



Nobel prizes…
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Nobel prizes…
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Something that the SM does not predict.

Something we can measure!

What is the Higgs boson mass?
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Mass peaks: mass measurements

PTLTP - 2023@DrAndreDavid

94



Mass peaks: mass measurements
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Combined LHC mass measurement
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Combined LHC mass measurement
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Stat. uncertainty 

dominates overall.

Energy scale syst. can 

be improved.

Run 2 will reduce 

uncertainty !



For the record
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 ~5150 authors.

 Found that there are two:

 Archana Sharma

(both CMS)

 Andrea Bocci

 Muhammad Ahmad

 F. M. Giorgi

(one CMS, one ATLAS)



Standard Model of Particle Physics
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Standard Theory of Particle Physics

PTLTP - 2023@DrAndreDavid

100 [ http://cern.ch/go/dW6z ]



Standard Theory of Particle Physics
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Valid up to ~Planck scale ?



The fate/character of the Universe
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 The SM vacuum stability depends crucially on the 

masses of the top quark and Higgs boson.

[ JHEP 08 (2012) 098 ]102



Standard Theory of Particle Physics
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Valid up to ~Planck scale ?



Standard Theory of Particle Physics
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But: dark matter, matter-antimatter, etc.

Valid up to ~Planck scale ?



Standard 

Theory

The Next Standard Model
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Standard 

Theory

The Next Standard Model
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Something 

else



Still SM ?
Beyond SM ?

The future is in precision and accuracy
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Accelerator physicists

More collisions

Experimentalists

Better detectors & analyses

Theorists

Better predictions

Present

Future
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Moving forward
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 We must examine this Higgs to the fullest extent !

 It may be the only clue to leave the SM oasis and cross the desert.

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



Deeper into the rabbit hole
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The beautiful boring Universe today

 Up above:
“Simple six-parameter 
ΛCDM”.

 Down below:
(Not-as-simple) ~20-parameter Standard 
Model of Particle Physics.

PTLTP - 2023@DrAndreDavid

[ arXiv:1303.5062 ][ JHEP 08 (2016) 045 ]

Looking forward to surprises at higher energy: PeV

neutrinos, #MoarData at LHC 13 TeV, …
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TERMOS E CONDIÇÕES GERAIS DE UTILIZAÇÃO
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 Não deixe perguntas por fazer. Seja crítico.

 Pensar mais pode fazer-lhe bem.

 Os resultados dependem de convicções e crenças pré-existentes. 
Agite-as antes de tirar conclusões.

 Mantenha-se aberto a outros pontos de vista.

 O conhecimento não gera infelicidade e pode ajudar a combatê-la.

 A ciência desilude quem não está alinhado com a realidade.

 Os presentes Termos e Condições são regidos e interpretados de 
acordo com o método científico.

 É competente o método experimental com exclusão de qualquer
outro para dirimir quaisquer conflitos que resultem da interpretação
e aplicação dos presentes Termos e Condições.
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“…and references therein.”
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 Experiments’ pages on Higgs results:

 ATLAS: http://cern.ch/go/7lDT

 CMS: http://cern.ch/go/6qmZ

 Tevatron: http://cern.ch/go/h9jX

◼ CDF: http://cern.ch/go/q8NV

◼ D0: http://cern.ch/go/9Djq
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750 reasons not to
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Diphoton resonances
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>90% prompt-prompt, σm/m ~1%



Diphoton resonances
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>90% prompt-prompt, σm/m ~1%

For mX = 750 GeV

3.6σ→ 2.0σ after LEE

(3.9σ→ 2.3σ for Γ = 6%)



Diphoton resonances

PTLTP - 2023@DrAndreDavid

118

>90% prompt-prompt, σm/m ~1%

For mX = 750 GeV

3.6σ→ 2.0σ after LEE

(3.9σ→ 2.3σ for Γ = 6%)

For mG = 760 GeV

2.6σ→ 1.2σ after LEE



Post-seminar stampede
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Post-seminar stampede
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Submitted during the 

seminar!



Perhaps a whole fixion sector?
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#MoarData
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The effect of #MoarData
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The effect of even #MoarData
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Stampede no “moar”
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