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= |hings you can’t “unsee”
[ http://cern.ch/go/Dxh7 |
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The experimental method

oM falsifying theories since the dawn of reason
e ey
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Respeitar a incerteza
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= A importéncia da incerteza

DSTAETA

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

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

Numero 290 projetos Horizonte 2020 Niiero

de propostas aprovados em Portugal de projetos
apresentadas aprovados

Taxa
de sucesso

- ‘ 13,65% 14,29%
@ Total da Unido Europeia

@ Fortugal

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

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

N

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

<

n [ 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

de propostas aprovados em Portugal de projetos
apresentadas aprovados

Taxa
de sucesso

_ , 13,65% 14.29%
@ Total da Unizo Europeia

@ Portugal

Fonte: Gabinete de Promogao do Programa Quadro de I&DT/Ministério da Educagéo e Ciéncia
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= A importéncia da incerteza

NS

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

A taxa de sucesso em Portugal foi basicamente a mesma
FAater que a meédia europeia

Numero 290 projetos Horizonte 2020 Niimero

de propostas aprovados em Portugal de projetos
apresentadas aprovados

Taxa
de sucesso

N , 13,65%
@ Total da Unido Europeia

@ Portugal

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

n [ 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

de propostas aprovados em Portugal de projetos
apresentadas aprovados

Taxa
de sucesso

N | 13,65%
@ Total da Unido Europeia

@ Portugal

Fonte: Gabinete de Promogao do Programa Quadro de I1&DT/Ministério da Educacgao e Ciéncia
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- Exactiddo e precisdo
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Two words on accuracy and precision
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- Erros ndo sdo incertezas
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Two words on

error and uncertaint
m*

NOJLONGER[UNCERTAINES

1 Error: the result of a bias or mistake.

0 Uncertainty: the degree to which some
thing is not known.

0 I¥’s a mistake to call errors uncertainties. BRI

0 E.g., experimentalists correct for
systematic effects (biases).

o Corrections come with added uncertainty.
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n “Agua mole em pedra dura...”

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

JELLY BEANS WE FOUND NO THAT SETILES THAT,
CAUSE. ACNE! LINK. BETWEEN -
THEAR ITS
SCIENTISTS) JELLY’ BEANS AND A CERTAN cm
INVESTIGATE! ANNE (P> 0-05), THAT CAUSES IT:
BUT |WERE
m% summs*
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Significant — xkcd.com /882

WE FOUND MO

WE FOUND MO WE FOUND NO WE FOUND MO WE FOUND MO

LINK, GETWEEN LMK, GETWEEN LN GETWEEN LINK BETWEEN LMK BETWEEN

PURPLE JELLY BROWN JELLY Pinie. JELLY BWE JELY TEAL JELLY
BEANS AND ACNE. BEANS AND ACNE BEANS AND ACNE BEANS AHD ACNE BEANS PND ACNE

(P>0.05) (P>0.05), (p>0.05) (p>0.05) (P>0.05).

& 5 &) 5 .

WE FOUND NG WE FOUND NO WE. FOUND MO WE FOUND NG WE FOUND MO
LMK BETWEEM LIMK, BGETWEEN LINE GETWEEN LINK BETWEEM LINK BETWEEN
SALMON JELLY RED JELLY TURGUOISE JELLY | | MAGENTA JELLY YELLOW JELY
BEAMNS ARD ANE BEANS AND ANE BEANS AND ACNE BEAKNS ARD BNE BEANS ARD ANE
(P>0.05) (p> 0.05 ), (p>0.05) (p >0.05 )

i

A

?’%

i

(P>0.05).

%ﬁ
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g Significant — xked.com/882

WE FOUND MO WE FOUND NO WE. FOUND NO WE FOUND A WE FOUND NO
LINK BETWEEN LINK, BETWEEN LINK BETWEEN LINK GETWEEN LINK BETWEEN
GREY JELLY TAN JeLy CrAN JELY GREEN JELLY MAVE JELLY
ﬁmﬁmm BEPEEHE}PHE mmnms BERNS PHD ACNE Emﬁmmmz
P}ﬂﬂs) p::-ar::n-:-:} p:-ung} (p<0.05) p}ucs}
oAl
ﬂ ﬂ ﬂ rfj ﬂ
WE FOUND MO 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 PEACH JELLY ORANGE JELLY
BEANS ANDANE | | BEANS ANDACIE | | BEANS ANDANNE | | BEPNS ANDANE | | BEANS AND ANE
(P>0.05) (P>0.05). (P>0.05), (P>005) (P>0.05)
/ / / / /
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=] Significant — xkcd.com /882

% ngElDENCE! )
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l About the role of experimentalists
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Experienced

experimentalists




Evolutions & revolutions of the elements

[ Plot courtesy of Jim Virdee ]
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LHC — the lord of the rings
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LHC — the lord of the rings

[ http://natronics.github.io /science-hack-day-2014/lhc-map/ ]
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CERN
\
AT

Particle detectors in CMS

u

- 6.920 m
| | |
Pixel detector 5635 m
4,645 m
Si Tracker 3.850 m
2.950 m
EM calorimete A
: - 1.840 p,
Hadron calorimeter 1320 p,
Solenoid coil (4T)
Y
Magnet return yoke
¢
X
Muon chambers Towards

T T 1 Center of LHC

CMS-TS-00078
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g 2007: ECAL barrel installed
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Detecting particles in CMS

0om m
Key:
Muon
Electron
Charged Hadron (e.g. Pion)
— — — - Neutral Hadron (e.g. Neutron)
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The Standard Model of Particle Physics

—50,930,9, — 9. 0ugs9,95 — 1L f9n909,95 + 3102 (@Y a] ) gy + GUOPG + gsf“”“a#@“G”gﬁ -
QW O,W,; = MWW, = 10,200,720 — 3l M22570 — 10,A,0,A, — 10,H0, H —Ym2H? — 9,07 0,0" —
MGt — 30,0°0,0° — 5 M6 — B[ 24= + L H 4+ L(H? + 606 +26% 67)] + 2y, — g, [0, 25 (W, W, —

WiW,) = Z9WFo,W, — W a,Wi) + ZUW, oW, — W, 0,W;)] — zgsw[a AJWIW, — Wi, —
AWO,W, — W a,W,) + AW, 0, W, — W, 0, W) = LW, W, Wi, + L?Wrw, Wiw, +

G ZWIEZIW, — Z)Z)W W) + g*se (AW AW, — A AWIW) 4 g%sucw A Z)(WIW, —
WIW,) =24, Z )W, W] — ga[H® + He"¢" + 2H ] - s9%an[H* 4 (8°)* + 4(67¢7)* + 4(¢°)* 0T o™ +
AH?G 6™ +2(9°) H | — g MW, W, H— Lo 2070 H — @g[W+(¢ﬂa#¢-—qﬁ-aﬁqso)—W;(¢Oaﬁ¢+—¢+a#¢°)]+

%Q[W:—(Hau‘ﬁ_ — ¢ 0. M) — W, (HOu0" — ¢+a )] + 29 (ZO(Hau¢O ¢°0,H) — ig%MZB(W;@' -

W, o") +igs, MA,(Wi¢™ —Wr ¢+) — gt ZD(W%@‘ — ¢~ 0up") +igs,A (¢+3u¢_ — ¢~ 0u0") —

TPW,IWIH? 4 (6°)% + 20 ¢~ ] -9z Z“ZO[H2 (6°)% + 2(2s%, — 1)20* ¢ — S92 2060 (W, o~ +
Wiot) — Ligtk W6~ Wigh) 4 Lo 25w (W2 67 + W0%) + s AT (W6~ — Wi0%) =
g2 (2, — D) Z)A" ¢ — gl s A AT G — @0+ my)et — POt — g (v0 + miy)u — d?(nf@ +mg)d; +
igswAu[—(@7"eN) + F(ajy"u}) = 5 (d3y"d))] + 32 Zp[(P " (1477 )0 + (@ (ds?, — 1 =7)e) + (ay (555 —

4oy TH

L)+ (B0 = 55 =y )N+ g (149)00%) 4 (1 +7) )] + W (21 +
W) + (@CLAM 1+ )] + 25 (=6 (1= 7)) + 6 (@ (127 - S5 (@) +

i¢?(@y°eM)] + MM@*[—%( 43 Cx (1 = 9°)d5) + miy (a3 Cae(1 +9°)d5] + mf,fcb*[mé(f?"clm(l +°)uf) —
(B ")) — $5H (@) — SELH@DB) + 56 @) - F56(Br ) + X0 -
MQ)X++)_(*(82—M2)X*+)_(°(82 = MIYXO+Y Y +ige,W,H(0, XX~ —a X+X0)+zgs WO Y X —
QXYY ) +ige, W, (0, X~ X0 — 9, X°X) +igs, W, (0, XY -9, YXT)+ igcmZO(a X+X+ 0, X X7)+
195, A, (0, X+X+ O X" X7) = SgMIX*X*H + XX~ H + 2 XOXOH] + 152%ig M[X*+ X6+ —
X~X067] + 5L igM[X°X~¢% — XOX 67| +igM s, [ XX~ ¢ — X0X+¢ ]+ ng[X+X+¢>° X-X~¢"]
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The Standard Model of Particle Physics

“ [ http://cern.ch/go/dWéz ]
500050005 — 95 0ugsghgs — 192 F U f UG gt gngs + 5igi (a7 a)) gl + GUOPGY + g fD,GUGgl
a,,W+a W, = MWW, - 10,29,20 — L, M2Z°70 — 19,4,0,A, — 10,HO,H — ‘m2H? — 0,0* 0,6~ —
M2t~ 10,609,0 — ;;fﬂfqb%“—ﬁh[%%%ffﬁ(ﬂ?+¢°¢»°+2¢+¢ )]+ 24, — g, [0, ZW,E W, —
WEW,) = Z9W,W, — W a,WH) + Z0AW,0,W, — W*(? wh) - i950[00A JWEW, W*W*)
A (W oW, —W:a, WH)—i-A (W+, W, — W, 9, W+)} 2W+W WIW, + 292W+W W+W +
g2 ZUW+ZUW — Z0ZOW, W) + gPs2 (A, W+A W, A A, WA ) + g2 SuwCulAy Z“(W+W-
WIWr) - 2A ZOW+W—] — ga|H? + H¢0¢0 + 2H¢+¢ ] — gzozh [H“ + (¢0)4 +4(dpT o) + 4(¢0)2¢5+¢— +
H2¢)+¢ +2 d)() 2H2] qu+W H— sz]ZoH zg[ +(¢03u¢"—¢_5u<i)0)—W;(¢03“¢+—¢+3;L<f)0)]+

LglW,H (HO,0m — 670, H) (Héms+ GO + 30 (Z(HO = 0,H) — g MZYWé
W, 0%) + igsu MAL (W6~ — Wy o) g5t 296 0,6 — 670 ¢+)+zgsw (610,67 — = 0,6%) —

T9WEW I H? + (¢°) + 2070~ ] s ZﬂZS[H2 +(6)2 + 2(252 — 1)%07¢7] — Lg? 2 2000 (Wio™ +
. 52 _ _ _ - — —
Woot) — Jig* = Z0H(W o™ — W, ¢5+) + 3975, A, (W™ + Wooh) + %thSwA#H(Wng —Wgoo™) —
g7 (22, — l)ZgA#(;Ser)_ —g'sp AuAudt o — (0 + m))et — Pryovt — ud(y0 + my)uy — A} (v0 + my)d) +
igswAu[—(EM"er) + 2(1‘& Yug) = ()] + L Z (P (L)) + (@94 (452, — 1 =20)e) + (ajy* (557,
1—%)u}) + (i (1 = 582 — )d")]+—’*‘LW+[(’ (1 +77)eN) + (@3 (1 +7°) Cands)] + 35 W (@9 (1 +
Y )v*)+(d"0 A+ )] + 5% gt (M (1 = 40)ed) + o (N1 + 4P )] — 41 [H(e”‘e*)
i?(@M°eMN)] + 5 fcb*[—md( ) Cu(1 — )d’-‘) - m"(u"C,\n(l +9°)df] + M}fcﬁ () CL (1 +°)ur) —
m(@CL(1 — Y] — $5 H (@) — L5 H(Dd)) + 92560 (@ ) — 45 cb"(d* dy) + X7~
M2)X++X—(82— M?) X~ +X°(82— QQQ)X°+Y82Y+zgcwWJ(8 XUX — 0, XTX") +igs, W, (9,Y X —
. XTY) +ige, W, (9, XX =9, X°X ") +igs,W, (0, XY -9 YX*) +igch°(8 X*X* 0 X " X7)+
igsu A0, XX = 9,X"X7) = JgM[X*X*H + X~ X" H + L XX H] + 1 1226 g MX+ X0t —
X" X%"] -I-ﬁigM[X“X‘d)JF—XUX*gb | 4+ igMs,[X° X~ ¢t — X°X+¢ ]+ ng[X+X+¢S° X-X¢"
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The Standard Model of Particle Physics
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How SM Higgses die

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

0 Couplings and
kinematics drive BR (bb,
WW, 11, ZZ).

o Decays with photons (yy,
Zy) through loops.
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201 1: nothing else in the horizon

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

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

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

1 We first saw that we could not exclude a narrow
range.
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And with the
trials factor

The Higgs was found!
2.9 sigma
significance!

Some

theorists...
KN

And you say
it was found ?
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. : |
201 2: 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
n [ http:/ /cern.ch/go/q8ix ]

‘ \ .
N
~ ¢ v ;'- -A ;
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Higgsdependence day recap
m [ http:/ /cern.ch/go/q8ix ]
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THE CANDIDATES

The Higgs Boson

By Jefirey Kluger | Monday, Nov. 26, 2012

Simulation of a Higgs-Boson decaying into four muons, CERAN,
1990,

always, TIME's editors will choose the Person of the Year, but that doesn't mean readers shouldn't have their say
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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.

WHO SHOULD BE TIME'S PERSON OF THE
YEAR 20127

Poll Results

PAST PERSONS OF THE YEAR

2011: The Protester 2010: Facebook's

Mark Zuckerberg
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2008: Barack Obama

Most Read Maost
Emailed

1 Who Should Be TIME's Person of the Year 20127

2 LIFE Behird the Picture: The Photo That Charged
the Face of AIDS

3 Mativity-Scena Battles: Score One for the Atheists

4 The £7 Cup of Starbucks: A Logical Extansion of the
Coffee Chain's Long-Term Strategy
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On the shoulders of giants
detector 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 ]

Inelastic collisions: ~7%10'° .
June 2016 CMS Preliminary

'8_ B ™ i 7 TeV CMS measurement (L<5.0 fb™) l
—{0%k =" & 8 TeV CMS measurement (L < 19.6 fb™) =
O = - i 13 TeV CMS measurement (L<2.7 fb'™") 3
~ C 2njet(s) — Theory prediction .
c 10%kE o < CMS 95%CL limit -
O § =n jet(s, §
b C 3 .
S10%: - - s
- @ ul 3
Eight 7)) - - T & . .
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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.

@DrAndreDavid ~ PTLTP - 2017



1 Present a coherent view of (some) present-day Higgs
coupling results from LHC (and Tevatron) experiments.

o Any mistake is the speaker’s fault (send email).
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CERN

Oversimplified big picture

\
N

=

T — Tevatron; A — ATLAS; C — CMS; combination drivers in red.

:%H—mb_ H—Ttt H—DWW H—ZZ H—oyy H—oZy H—oinv. H—ouu H—ee
¥ - H—HH
8
£
' T|A Tlalc T|Alc T]Aalc T|A]|C
goH [ B e B S IR S G G e Y S % %
VBF *lk * k| Kk k| K x| Kk |- e % | - %
**ﬁr*iﬁ? *la * %] x w| x w|- * H
m x K|k K% * f

0 Still much to explore on the rarer ends.
(to the right and to the bottom) (and outside this picture [)]
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CMS H- yy 19.7 5 (8 TeV) + 5.1 b (7 TeV)

ngm H-1y

Local p-value

124.70 £0.31 (stat.) £0.15 (syst.) GeV
0/0g, = 1.14 £0.21 (stat.) £0.11 (theo.) £0.07 (syst.)

igne
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[ EPJC 74 (2014) 3076 ]
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Relative signal strengths

[ arXiv:1303.6346 ][ JHEP 08 (2016) 045 ]

ATLAS and CMS - ATLAS+CMS
LHC Run 1 = ATLAS

Tevatron Run II, L, <10 fo’' o OMS
m,=125 GeV/c® — : o
I Combined (68% C.L.) p.w ———— — 426

=fll—= Single channel

H—-vyy =

nzz
H— W'W .
_ ww —o——
H— 't H

VH— Vbb [ n ig——

—_——

-1 -05 0 05 1 15 2 25 3 35 4
Parameter value

m, 125 GeV 125.09 GeV

u = o/og, 1.44 7059 1.09 £0.11
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Weak bosons and fermions

[ arXiv:1303.6346 ][ JHEP 08 (2016) 045 ]

ol 3 T T T T T T T T T T
< [ P 1 w L [ | | |
ek Tevatron Ru.n L, ,<10fb > " ATLAS and CMS
i e Local maxima A SM "LHC Run 1 ]
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00 0.5 1 1.5 2

f
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The deviations that we do not (yet) see

ATLAS and CMS
LHC Run 1
K -
9Z =
Zg e ——
tg " 5 '
A - -
WZ el e
|7\, | o
vZ —o— ATLAS+CMS o ol
L —=— ATLAS i
|7t | —a— CMS o
wZ — 1o interval —-‘-i—-t_
— —— 20 interval i
A i il
bZ :
IIIIIII|IIII|IIII|IIII|IIII|IIII|II
-3 —2 -1 0 1 2 3

Parameter value
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Nobel prizes...
- [

The Nobel Prize in Physics 2013
Francois Englert, Peter Higgs

Share this: FIEIEIE 18« ]
The Nobel Prize in Physics
2013

\

Photo: A. Mahmoud Photo: A. Mahmoud

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

The Nobel Prize in Physics 2013 was awarded jointly to Francgois
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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What is the Higgs boson mass?

Something that the SM does not predict.

Something we can measure!

@DrAndreDavid ~ PTLTP - 2017



Mass peaks: mass measurements

19.7 fo' (8 TeV) + 5.1 fo' (7 TeV)

= x10°
B asf S/(S+B) weighted sum
- E ¢ Data 7 i B
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Mc:ss peaks: mass measurements

78
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(6] C fLdt=45f"Vs=7TeV ATLAS .
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N

Combined LHC mass measurement

[ arXiv:1503.07589 ]

ATLAS and CMS

Fe—Total | |Stat. 1 Syst.
LHC Run 1 Total  Stat. Syst.
ATLAS H—yy F——=— 126.02£0.51 (£0.43+0.27) GeV
CMS H—yy ——— 124.70 £ 0.34 (+ 0.31£ 0.15) GeV
ATLAS H—ZZ 4l [ | 124.51+ 0.52 ( £ 0.52 + 0.04) GeV
CMS H—ZZ —4l —t—— 125.59 + 0.45 (+ 0.42 + 0.17) GeV
| amLassomsyy b=t 12507020 (£025%0.14) GeV
ATLAS+CMS 4l % 125.15 + 0.40 (+ 0.37 + 0.15) GeV
ATLAS+CMS yy+4l IEI 125.09 + 0.24 ( £ 0.21+ 0.11) GeV
S - T 7 S e T
m,, [GeV]
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@ Combined LHC mass measurement

IMyg = 125.09 = 0.21 (stat
+0.11 (scale

)
Stat. uncertaint )
- )
)

dominates overall. ::O . O 2 (Ot her
| +0.01 (theory’“
uncertainty ! G.eV




nature.com Login : Register

nature
For the record .

Physics paper sets record with

“ I more than 5,000 authors

Detector teams at the Large Hadron Collider

I 5 ] 5 O d U'l'h ors. collaborated for a more precise estimate of the size of
the Higgs boson.

0 Found that there are two: bavide 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
I I
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Standard Theory of Particle Physics

[ http://cern.ch/go/dWéz ]
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Standard Theory of Particle Physics
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The fate /character of the Universe

[ JHEP 08 (2012) 098 ]
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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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Standard Theory of Particle Physics
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The Next Standard Model

[ http://cern.ch/go/dWéz ]
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— The Next Standard Model
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The future is in precision and accuracy
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& Back to the #13TeV future

GATLAS

A EXPERIMENT

| View image on Twitter

CERN | w Follow

@CERN

The LHC experiments are back in business with record
energy collisions of #13TeV: cern.ch/go/D7z6
12:41 PM - 3 Jun 2015

4 123853 %558
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Back to the #13TeV future
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Science & Environment

Large Hadron Collider turns on 'data tap’

By Paul Rincon oanIy 7 |
Science editor, BBC News website = q 74 b ] o] -
.\ RS L - . -&{ 8
@© 3June 2015 Science & Environment | ‘:’3' ;. ¢ = s
1 A~ v X N .
N N -
\ vy b

The CMS experiment team celebrated when the first collisions occurred
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750 GeV diphoton excess

From Wikipedia, the free encyclopedia

The 750 GeV diphoton excess in particle physics was an anomaly in data collected at the Large Hadron
Collider (LHC) in 2015, which could have been an indication of a new particle or resonance.!®l®! The anomaly
was absent in data collected in 2016, suggesting that the diphoton excess was a statistical fluctuation.!'2] In
the interval between the December 2015 and August 2016 results, the anomaly generated considerable
interest in the scientific community, including about 500 theoretical studies.['%! The hypothetical particle was
denoted by the Greek letter F (pronounced digamma) in the scientific literature, owing to the decay channel in
which the anomaly occurred.®! The data, however, were always less than five standard deviations (sigma)
different from that expected if there was no new particle, and, as such, the anomaly never reached the
accepted level of statistical significance required to announce a discovery in particle physics.[''] The digamma
was refuted in August 2016 publications.

Read Edit View history

9

Q

Digamma

Y

Possible production and decay mechanism of
the digamma resonance at LHC.

Composition Elementary particle

Statisti
December 2015 data [edit] atisties
Status
On December 15, 2015, the ATLAS and CMS collaborations at CERN presented results from the second
operational run of the Large Hadron Collider (LHC) at the center of mass energy of 13 TeV, the highest ever Symbol
achieved in proton-proton collisions. Among the results, the invariant mass distribution of pairs of high-energy
photons produced in the collisions showed an excess of events compared to the Standard Model prediction at Discovered
around 750 GeV/c2. The statistical significance of the deviation was reported to be 3.9 and 3.4 standard
deviations (locally) respectively for each experiment.
The excess could have been explained by the production of a new particle (the digamma) with a mass of about
750 GeV/c2 that decayed into two photons. The cross-section at 13 TeV centre of mass energy required to
explain the excess, multiplied by the branching fraction into two photons, was estimated to be Mass
o(pp — F) x Br(F — vy) = 5fb
Decay width
(fo=femtobarns) .
Decays into
This result, while unexpected, was compatible with previous experiments, and in particular with the LHC
measurements at a lower centre of mass energy of 8 TeV.
August 2016 data [edit]
Analysis of a larger sample of data, collected by ATLAS and CMS in the first half 20186, did not confirm the
existence of the F particle, which indicates that the excess seen in 2015 was a statistical fluctuation.['112]
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Refuted; absent in August 2016
datal'll2]

F,B F(750),[4] ¢’[5] paul

nzy[ﬂ

Resonance of mass =750 GeV
decaying into two photons could
have been seen by CERN in
2015819 (though sufficient
statistical significance never
reached)

= 750 GeV/¢® (CMS +
ATLAS)8I]

< 50 GeV/c28lol

two photons (hinted in 2015
data;®l° absent in 2016
data[ﬂlz])

two Z-bosons (predicted)
one photon + one Z-boson
(predicted)

two W bosons (predicted)
two gluons (predicted)
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Post-seminar stampede

_\/
[ http://cern.ch/go/DZ1t8 ]
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Perhaps a whole fixion sector?

[ http://xked.com/1621 ]

A CHRISTMIAS GIFT FOR PHYSICISTS:

THE. FIXION
A NEL PARTICLE THAT EXPLAINS EVERYTHING

P COMPOABNT >/~ CONFINES QueRIS D QU

OF DARK MATILR SUPPRESSES ANTIMATTER
NEUTRALIZES MONOFOLES — 1 N EARLY UNIVERSE
SPONTANEOUSLY —> 7 _— WEDATES PROON DECAY
EMITS DARK ENERGY s BUT THEN HIDES IT
INTRODUCES DISPERSION INTO BROKEN SYMETRY CAUSES
PERYTONS FROM KITCHEN MICROWANVES, —7 S~ 6=0, EXPLAINING UNOBSERVED
BPLAINING FRST RADID BURSTS ‘\ NEUTRON DIPOLE MOMENT
CAUSES ALPHA EFFECT COVERS NAKED SINGULARITIES
INTERCEPTS CERTAN GRAVITATONAL. 2 CAUSES CORONAL. HERTING
WAVES BEFORE THEYRE OBSERVED y
HIGGS-ISH ANISOTROPIES IN EARLY ONIVERSE.
SPACECRAFT DURNG FLYDYS @, FOR BICEPS To FIND)
EPRTH" SCENARO ) TRANSPORTS NEUTRINGS FASTER THAN
{ ST LIGHT BUTONLY ON CERTAIN DAYS

SUPPRESSES SIGMA
N EPERENE /.r\ THROUGH ONE AREP OF FRANCE.
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— HMoarData

CMS Integrated Luminosity, pp

Data included from 2010-03-30 11:22 to 2016-08-28 18:34 UTC
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(':E/RW
\
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The effect of #MoarData

[

CMS-PAS-EXO-16-027 ]
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The effect of even #MoarData

[

CMS-PAS-EXO-16-027 ]

107

1072

104

16.2 b (13 TeV) + 19.7 b (8 TeV)

CMS Prehmmary

__l "

E Q_Q’ :

— .

__ . S S i - o

— 107 o

E_ - |20

E I_,X 10‘25—

- e = 1.4x10%, =0

- - Cﬁmm_ 10 3 PO

. ---13TeV(16.2fb™)

I 8TeV(1 97fb1) 1o° '7cl)ol I l?éol l '7;01 I I?flsol | ]7:30I ' IB(;OI

| 1 1 1 I 1 1 mx (GEV) |

5x102 10° 2x10° 3x10°  4x10°

my (GeV)
@DrAndreDavid  PTLTP - 2017

1o

20

30




Stampede no “moar”
R I

#Run2Seminar and subsequent yy-related arXiv submissions
2016/08/16 19:01:23: Submissions: 545

Cumulative number of submissions [by @DrAndreDavid]
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Date and time of last update (UTC)
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CERN
\
o

& Stampede no “moar”

[ http://cern.ch/go/DZ1t8 ]

2016/08/16 19:01:23: Submissions: 545
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& Stampede no “moar”

Cumulative number of submissions [by @DrAndreDavid]
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Predicted cross-section ratios
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Ancré Davi
Very proud of the #Higgs #physics results from
@CMSexperiment presented at #|ICHEP2016!
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Events / 4 GeV
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Ancré Davi
Very proud of the #Higgs #physics results from
@CMSexperiment presented at #|ICHEP2016!

CMS P:"elinlvinan/ 12.9 fo' (13 TeV) 12.9 o (13 TeV)
1 1 1 1 1 1 1 L L L B L L L L L BB
~ All categories
e Data =095 5/54B) weighted ]
[ ] H(125) t gag"f_t E
— — S+Bfi ]
C]ggq—ZZ,2y 4 .. B component ]
* * (R ESEe; ]
amer 3 =

el b b b bl

" B component subtracted J

130 140 150 160 170 180

m,, (GeV)

4082 808

I|IIIIIIIIIIIIII|IIIIIIIIllllllllllllllll

ind |

0 100 200 300 400 500 600 800
m,, (GeV)

@DrAndreDavid  PTLTP - 2017



& Moving forward
NN

0 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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The beautiful bering Universe today
T N

0 Up above: 0 Down below:

“Simple six-parameter (Not-as-simple) ~20-parameter Standard
ANCDM”. Model of Particle Physics.
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Looking forward to surprises at higher energy: PeV

neutrinos, #MoarData at LHC 13 TeV, ...
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“...and references therein.”

0 Experiments’ pages on Higgs results:
O ATLAS: http://cern.ch/go/7IDT
O CMS: http://cern.ch/go/6gmZ
o Tevatron: http://cern.ch/go/h9iX
m  CDF: http://cern.ch/go/q8NV
m  DO: http://cern.ch/go/9Djq
0 Partial list of conferences and workshops:
o Higgs Days 2013: http://cern.ch/go/6zBp
ECFA HL-LHC workshop: http://cern.ch/go/SFWé
Higgs EFT 2013: http://cern.ch/go/bR7w
Higgs Couplings 201 3: http://cern.ch/go/THp?
Moriond 2014: http://cern.ch/go/k8FP
Bernasque 2014: http://cern.ch/go/Pz7I
ICHEP 201 4: http://cern.ch/go/8Bif
Rencontres du Vietnam 201 4: http://cern.ch/go/97))
Zuoz Summer School 2014: http://cern.ch/go/9SHw
Higgs Days 2014: http://cern.ch/go/IfP6
Higgs Couplings 2014: http://cern.ch/go/HMmé
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http://cern.ch/go/7lDT
http://cern.ch/go/6qmZ
http://cern.ch/go/h9jX
http://cern.ch/go/q8NV
http://cern.ch/go/9Djq
http://cern.ch/go/6zBp
http://cern.ch/go/SFW6
http://cern.ch/go/bR7w
http://cern.ch/go/THp9
http://cern.ch/go/k8FP
http://cern.ch/go/Pz7l
http://cern.ch/go/8Btf
http://cern.ch/go/9ZJJ
http://cern.ch/go/9SHw
http://cern.ch/go/lfP6
http://cern.ch/go/HMm6

