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MESOES,

MUQES,

PROTOES,

FOTOES,

BOSOES,

E OUTROS TRAMBOLHOES




JAndré in 10 seconds

0 Graduated from LEFT (now MEFT) in 0 Electromagnetic calorimeter data
2000. acquisition and trigger.
o Dimensional regularization of a 3 . .
theory for nuclear physics = Smgle phOTon thSICS'
applications. 0 Statistics methods and modeling.
o Fast Al,O, passivation of silicon
wafers using pulsed power. o W mass measurement.
0 PhD in Physics (IST, 2006) 0 Higgs
0 NA6O experiment at the CERN SPS. o diphoton decay discovery.
o Silicon pixel and microstrip tracker O properties group convener.
readout and data acquisition. O theory-experiment forum

O Prompt thermal dimuons from quark- convener.
gluon plasma.
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The experimental method
falsifying theories since the dawn of reason
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- Respeitar a retureze incerteza

enjoying.higgs@cern.ch  Lx mini-school, Feb 2015



CMS

&
=

A importdncia da incerteza

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

NUmero 290 projetos Horizonte 2020 NUmero

de propostas aprovados em Portugal de projetos
apresentadas aprovados

Taxa
de sucesso

" _ 13,65% 14,29%
@ Total da Unido Europeia

@ Portugal

Fonte: Gabinete de Promogao do Programa Quadro de I&DT/Ministério da Educagao e Ciéncia
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—| A importéncia da incerteza

[ 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

[ 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 importéncia 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-darwinld4.5.0 (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: A taxa de Sucesso em Portugal foi

09664013 ot maior que a média europeia
sample estimates:
Rate Ratio Rate 1 Rate 2 : i ' >
Ndmero 290 projetos Horizonte 2020 Ndmero
1.0468849 0.1428571 0.1364593 de propostas aprovados em Portuga| de DI'OJ'ETOS

apresentadas aprovados

Taxa
de sucesso

_ ) 13,65% 14,29%
@ Total da Unizo Europeia

@ Portugal

Fonte: Gabinete de Promogéo do Programa Quadro de 1&DT/Ministério da Educacao e Ciéncia

enjoying.higgs@cern.ch  Lx mini-school, Feb 2015



CMS

&
o

A importdncia da incerteza

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

NUmero 290 projetos Horizonte 2020 NUmero

de propostas aprovados em Portugal de projetos
apresentadas aprovados

Taxa
de sucesso

" _ 13,65% 14,29%
@ Total da Unido Europeia

@ Portugal

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

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

NUmero 290 projetos Horizonte 2020 NUmero

apresentadas aprovados

Taxa
de sucesso

" A 13,65% 14,29%
@ Total da Unido Europeia

@ rortugal

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

Erro e incerteza
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- Erros ndo sdo incertezas
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as ! Two words on

Bl error and uncertainty
5

1 Error: the result of a bias or mistake.

NOILONGERJUNCERTAIN

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

0 It’s a mistake to call errors uncertainties. BRI

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

Corrections come with added uncertainty.
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AN 0 > 0"

BIAS US VARIANCE
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- “Agua mole em pedra dura...”

Ou o preco de andar a procura de coisas novas.
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Significant — xkcd.com /882

JELLY BEANS WE. FOUND NO THAT SETLES THAT,
CAUSE ACNE! LINK. BETWEEN .
HEAR IT
SCIENTISTS! JELLY BEANS AND g EAR : NS ONLY
INVESTIGATE! ACNE (P > 0.05), Twmcausems 6
BUT WeRE
.‘Z‘.’}"ﬁ&?ﬁg SCIENTSTSl
FWL l""h»tcam'
N

s || @ @ \
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Significant — xkcd.com /882

7%

WE. FOUND NO WE FOUNDNO | | WE FOUNDNO WE FOUNDNO WE FOUNDNO
LINK BETWEEN LINK BEIWEEN | | LINK BETWEEN LINK BETWEEN LINK BETWEEN
PURPLE JELLY BROWN JELLY PINK. JELLY BWE Jeuy TEAL JELLY
BEANS AND ANE BEANS ANDANNE. | | BEANS ANDANE | | BEANSANDANE | | BEANS AND ACNE
(P>0.05) (P>0.05) (P>0.05) (P>0.05) (P>0.05),

oa | o8 |9 | o8 | @

WE FOUNDNO WE FOUNDNO WE FOUNDNO WE FOUNDNO WE. FOUNDNO

LINK BETWEEN LINK BETWEEN LINK BETWEEN LINK BETWEEN LINK BETWEEN

SALMON Jelly | | RED Jeuwy TURGUOISE JELLY | | MAGENTA JELLY | | YELLOW JELY

BEANS ANDANE | | BEANS ANDANE | | BEANSANDANE | | BEANS ANDANE | | BEANS AND ANE

(P>0.05) (P>0.05), (P>0.05) (P>0.05) (P>0.05)

/ / / / /
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Significant — xkcd.com /882

7%

WE FOUNDNO WE FOUND NO WE FOUNDNO WE FOUND A WE FOUNDNO
UNKBEWEEN || UNKGEWEEN | | UNKBEWEEN || UNKBEWEEN | | LINK BEWEEN
GREY JEUY TAN JEWY O/AN JELY GREEN JELY MAUVE JELY
BEANS ANDACNE | | BEANS ANDANE | | BEANS ANDANE | | BEANS ANDACNE | | BEANS AND ANE
(P>0.05), (P>0.05). (P>0.05), (P<0.05) (P>0.05).
/ / / on /
WE FOUNDNO WE FOUND NO WE. FOUNDNO WE FOUNDNO WE FOUNDNO
UNKGEWEEN | | UNKBEWEEN | | UNKBEWEEN || UNKBEWEEN | | LINK BEWEEN
BEIGE JELLY UILAC JELY BLACK JELLY PEACH JeELLY ORANGE JELLY
BEANS AND ANNE BEANS AND ANE BEANS AND ANNE BEANS AND ANNE BEANS AD ANE
(P>0.05), (P>0.05). (P>0.05), (P>0.05). (P>0.05).
/ / / / /
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Significant — xkcd.com /882

Qe SciooE: °
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- O papel dos experimentalistas
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Experienced
experimentalists




CMS
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Basicamente...

[1Respeitar a incerteza.
E um erro chamar erro a incerteza.

1 Quanto mais se procura,
mais se encontra.

1 Quem surfa a natureza
sdo experimentalistas.
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Detector Design

Detector Construction

Data taking

y 3

Data analysis
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CMS

Quantum chromodynamics

0 Quarks and gluons.
The non-Abelian SU(3) wonder of the Standard Model.

1 Confinement: quarks never alone.
Except if hot enough, like just after the Big Bang.

0 Collide nuclei of heavy elements.

Pb collisions = 208 protons and neutrons against other 208.
Dense (hot) quark and gluon system.

0 Quark-gluon plasma.

Hot enough for quarks to move “freely” in gluon “soup”.
Should “shine” thermal radiation.
Searched for since the 1980s.
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Excess of infermediate mass dimuon

@] production
38

* Yield of intermediate mass dimuons in heavy-ion collisions
4
(S-U, Pb-Pb) exceeds sum of Drell-Yan and D meson decays, 1073 - MASD B Bp
which describes well the proton data. ] N> =381
5" £ pAl Cu 3|
S q000 | P P 10 "5
= E ]
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2000 E ]
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0 E
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1000 fr- - ;
o B R R AN R SNl PO PR S UR TR T Ao o DT T R s
15 175 2 225 25 15 175 2 225 25 b DD
M(GeV/CZ) 1 |||||||||||||||‘.x."|4|"l||||||||||
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30F ~ M (GeV)
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Vs(GeV) enioying.higgs@cern_ch Lx mini-school, Feb 2015




Thermal dimuons or charm enhancement ¢

The intermediate mass dimuon yields in heavy-ion collisions can be reproduced either

by scaling up the open charm or by adding thermal radiation from a
contribution by up to a factor of 3 (!) quark-gluon-plasma phase
-% 10° % 10° =

L6 L7 L8 L9 2 21 22 23 24 25

2
M, (GeV/c?) M, (GeV/c?)

—> direct evidence of a thermalized pre-
hadronization phase...

But the data collected by NA38/NA50 cannot distinguish between these
enjoying.higgs@cern.ch  Lx mini-school, Feb 2015



Measuring dimuons — the giants’ way

— Other

muon frigger and tracking

target

beam 4

* Cannot distinguish vertex muons from decay muons
* Degraded dimuon mass resolution
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— Other

muon trigger and tracking
beam tracke

Matching angles
and momenta

* Origin of muons can be accurately determined

* Improved dimuon mass resolution
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The Silicon Microstrip Telescope

1 (Only) one year from design
to production

0 System used in June 2002:

16 Sensor modules

192 SCTA chips
(24576 channels)

32 Hybrids and 32 Buffer cards i

0 Data collected for first NA60O
physics analysis and results

. : '\ \\\i~"'
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Clock, Command and Clock, Command, Trigger
Trigger fanout and Flow control

Slink PCI card

__________________________________________________ ' enjoying.higgs@cern.ch  Lx mini-school, Feb 2015



Parallel port JTAG output
(to CCB router)

Main memory
(data buffer from PCI)

Ethernet sub-event data
output
(to Event Builder)

Channel-link inputs
(one per ADC card)

Inputs
Processing Slink mezzanine + SSPCI (inexpensive) Personal

(one per 4 ADC cards) Computer hardware
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cMS,/ |

PCIl read-out system

=] PEEEED

* 40 MHz logic

* 64 MB on-board SDRAM
1000 events/s

e ~ 30 MB/s read speed
*  Modularity

Support for mezannine

daughter-cards

*  NAObO used it in

Pixel telescope

Beam tracker

Zero degree calorimeter

enjoying.higgs@cern.ch  Lx mini-school, Feb 2015



* 8 “small” 4-chip planes, plus
* 8 “big” 8-chip planes
*~2 % X, per plane

* 12 tracking points with good acceptance
* 9 X (bending plane, B=2.5 T), and
°3Y

* 800’000 channels, 50x425 pm? pixel size

J

targets

w|

beam tracker

enioying.higgs@c—éjrn.ci%i:qux mini-school, Feb 2015
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Detector Design

Detector Construction

Data taking

y 3

Data analysis
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Higgs in CMS — ca. 2008
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Mass mechanism — the mexican hat field, first published by Brout and Englert (1964).
Higgs boson — the field’s massive radial excitation, tacit to Brout and Englert, massless via
approximations in Guralnik et al., and explicitly mentioned by Higgs (1964).

Viability — photons and massive weak bosons can coexist, shown by Kibble (1967).
Fermions — quark & lepton masses via Yukawa interactions, by Weinberg (1967).
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The Standard Model of Particle Physics
N N

—30,9" X fsfzbcaﬁgﬁg,;gﬁ —Oigflgabcf‘:degZéﬁ%ﬁgg + 1%@'93(@2’ g7 )g,{ + GG + g, f“bc@ G"‘ngﬂ 3
OW,F0,Wy = MPW,IW,” — 10,200,28 — 3l M?2020 — 10,A,0,A, = L0,HO,H — m3H? — 0,6% 0,6~ —
M2+~ — 10,0°0,6° — 5l Mo 0 — B[ 228 4 2M pf 1 HHR 4+ 00 +20767)] + 2 —igeu 0, Z0(WE W, —

WiW.r) = Z)(WiEo,W, =W 0,WiH) + Z0(W, oW, — W, 0,W)] —igsw|[0,A(WIW, —WFiW) -
A (WHO,W, — W, a,WH) + A (W0, W- W, 0,W;0)] = S?WHWo Wiw, + L Wiw, Wiw, +
g%ﬁ,(ZﬁW:ZBW; — ZngW;“WV )+ g% (A, WrHAW, — A AWIW, ) + g2swcw[AuZ3(W:W; —
WIW.) =24, Z0W, W, ] — ga[H? + Hp ¢ + 2H¢5+¢> | — §%an[H* + (¢°) +4(¢T¢7)* + 4(¢°)*0T o™ +
H2¢+¢ +2(¢°)2H2] gMW W - H — §9MZ°ZOH— %ig[WJ(QSOam‘ —¢70,0°) =W, (¢°0,0" — 7 0,0%)] +
S (HOup™ — 670, H) — W, (HO,6" — GH0H) Lo (Z0(Hu0" — ¢°0,H) — ig=e MZ(W;i¢™ —
WN_¢+) + igstA (W+¢_ W ¢+) - zg ZO(¢+8;A¢_ - ¢ au¢+) + 'Lgsw (¢+au¢_ - d)_a,u¢+) -
TOPWIWIH? +(¢°)° + 20707 — 197 5 ZOZO[H2 (¢°)% +2(252 — 1)%¢+ ] — 3?52 2060 (W~ +
Woot) — %ig2§§ZﬁH(W+¢‘ W, ot) + 59%50 N¢O(W+¢‘ +W,ot) + 3ig swAuH(WM‘ - W, ¢t) -

gzz—z(chu — 1)Z2AN¢+¢_ —g's? A A,@*qﬁ — My +m))er — vryovt — ﬂ?(’y@ + mﬁ)ujA — cZ?(’y(? + md)d’\
igswAu—(@"er) + 5wy uy) — 5 (d3y"d)] + 125 Z0 (P (1+72)) + (@4 (4ss, — 1 =27)ed) + ()" (550, —
L—7")u}) + (" (1 = 552, = 7°)d)] + 55 WH T (1 +7°)e) + (@ (1 +9°) Cand)] + 35 W (@ (1 +

D)
\{
S7ZA

VW) + (d5CL A (L + 7)) + 25555 [0 (7M1 = 7°)eY) + 67 (BN (1 + 7°))] — QM[H( e*) +
102N + 5its ¢t [=mig (@) Can(1 = 7°)d5) + my(a;Cre(1 +7°)d5] + szsb (M) C (1 +77)uf) —
mi(BCL (1 — )] — S5 H () — $REH (D) + L7860 () — LAy d) + XH(0% —

MZ)X++X'—(82—M2)X—+X0(82—f—;)XojtYa?Ychij(a XO0x- —8“X+X0)+igstj(a#YX——

O XTY) +ige,W, (9, XX = 9, XX *) +igs, W, (0, XY -0 YX”L) —|—igch°(8 X*‘X“‘ 0,X X))+
195, A0, XX — 0,X"X7) = LgM[X*X*H + X~X~H + XX H] + 152%ig M[X+ X%+ —

X-X0"] + g igM[X°X~¢* — XOX+67] + igM s, [XOX ¢+ — LOx+p] + ng[X+X+¢° XX
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The Standard Model of Particle Physics

“ [ http://cern.ch/go/dWbz ]

—5009,0,9;, — 91" 0u939,9; — 192 FCGL909,9, + 5192 (@Y q] ) gy + GUOPG + gbf“”cay@“G”g;i -
o,Wro,W, — M?WJW; — 30,200, 2 — 5 M*Z0 20 — 10, A,0,A, la HOH — sm3H? — 0,07 0,0~ —
M2t ¢ — 30,0°0,0° — 5 M 0" — BLP%Z M4 L2 4 6060 4+ 26+ 67)] 4+ 2 — g, [0, Z0(W; W —

WIW,) — Z%WHo, W -~ W, 0, W+)+Z°(W+a W — Wy a W] —zgsw[a A (W+W —~ W, W) —
A WFHO,W, — W, 0, W )+A (W+8W —W;a, W+)] 2W+W Wiw, +1 2W+W W+W +
g%ﬁ,(ZSW:ZBW,,‘ - Z2Z0W+W ) + g*so (AW AW, A A, W+W )+ g° swcw[A”ZB(W;W; -
WWr) = 24, Z,Wr W) | — galH® + H¢>°¢° + 2H Gt 7] - 2ozh[H“ F () + 461 6) + A28t +
AH?¢* ¢~ +2(0° ) H?| = gMW W, H — 5953 ZZ0H — zg[W+(¢°8u¢‘—</>‘8M¢°)—W,:(¢°8M¢+—¢+8,L¢°)]+
39WHHO, ¢~ — ¢0,H) — W, (H¢" — ¢>+3 H)|+ 59, (Z)(HD,0° — ¢°0,H) —ig:= M Z)(Wid™ —

Woo") +igseMA W, 6™ =W, ¢>+) — gy Z°(¢+3u¢’ — ¢ 3u¢>+) + 95w Au(@T 040 — ¢70,07) —

TOWIWIH? + (¢°)2 4 20707 — 19 2012“2323[1{2 + (692 +2(252 — 1)2¢7 6] — LgP L2080 (W,F o™ +
Wy ot) — Sig? e ZOH(W,F 6~ — Wy o) + Lg2s, A, 0*(W,io~ + W, ¢%) + Lig swAuH(quﬁ‘ Wyot) —
922 (2e;, = 1) Z) A0t ¢ — g'st AAdT ¢ — N0+ m)et — Pyt — g (vd + miy)uy — a_l;\('yﬁ + m(’))d;\ -
igswAu[—(éA’y"e*)nL%(' ’Y“U )— I(JAv“dA)]Jr—i‘LZO[(D (L)) + (@ (4sh, = 1=7°)e )+(ﬂ (st
1=9")u) + (dy"(1 = 553, = 9°)d)] + 5 W HE (1 +9°)e?) + (@ (1 +9°) Caed)] + 55 2\; W@y (1 +

L A)+(c?”01,ﬂ"(1+7) A)]JrMM[ ¢H (A1 =7")e) + 67 (N (1 + ")) - 55 e [H (@) +
i¢? (€M) + 2Mf¢+[—md( 1} Cae(1 = )d;j) +my (47 Ce(1 +7°)d5] + aiva? [ma(d} O (1 +7)us) —
mis(d3CL (1 — 7)) — 425 H (@) — $5EH(Bd)) + 975 60 (@ u)) — B0y d)) + X (0% —
M) X+ 4+ X (0% - M?)X- + X002 = M) X0+ Y 0% +ige, WH0, XX~ —0,X+X0) +igs, W0, Y X~ -
0, X*Y) +ige, W, (9, X X — 9,X°X*) +igs, W, (9,XY — 0 Y’X+) +igch0(8 X+X+ 9, X" X7)+
195 A (0, XX+ = 0,X"X7) = LgM[X*X*H + X~ X~ H + £ XX H] + 132%ig M[X* X ¢+ —
X™X%] + 5-igM[X0X~¢" — XOX*¢7] +igM s, [XOX~¢* — X°X+¢> ] + ng[X+X+¢° X-X¢Y
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Weak force — star combustion Strong force — protons and neutrons

Leptons
?
Vio Vi Vi

Gluons

-
Higgs Boson
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Bl Theory uncertanty
")
Aoty =

= 0.02749£0.00012

woo ind. lowQ cata 7 -

4

300
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GAmtzoos My e = 157 GeV
| - Theory uncertainty '
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Big Experiments
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CMS Experiment at the LHC, CERN
Data recorded: 2012-May-13 20:08:14.621490 GMT
Run/Event: 194108 / 564224000




CMS

Lead tungstate crystal production
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Sobrmodule
2)!5 crystals

Supermodule
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Custom electronics installation
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0 Integrated tests of Data, Trigger and
Control cards prior to installation

LA 0 12 crates with 110 cards intensively
e . 4 ' tested

I\ 0 > 10 hours of continuous testing
per crate
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CMS

= July 4, 2012: looking up to a new boson
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“Higgsdependence” day recap
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The top 40 physics hits of 2012

The Higgs boson is a popular subject among the most-cited physics papers of
2012, but a particle simulation manual takes the top spot.

2012 reports for eprints

1. 568 citations in 2012
Observation of a new particle in the search for the Standard Model Higgs boson with the
ATLAS detector at the LHC
ATLAS Collaboration (Georges Aad (Freiburg U.) et al.). Jul 2012. 24 pp.
Published in Phys.Lett. B716 (2012) 1-29
CERN-PH-EP-2012-218
DOI: 10.1016/j.physletb.2012.08.020
e-Print: arXiv:1207.7214 [hep-ex] | PDF
References | BibTeX | LaTeX(US) | LaTeX(EU) | Harvmac | EndNote
ADS Abstract Service; Link to all figures including auxiliary figures

2. 558 citations in 2012

Observation of a new boson at a mass of 125 GeV with the CMS experiment at the LHC
CMS Collaboration (Serguei Chatrchyan (Yerevan Phys. Inst.) et al.). Jul 2012.
Published in Phys.Lett. B716 (2012) 30-61
CMS-HIG-12-028, CERN-PH-EP-2012-220
DOI: 10.1016/j.physletb.2012.08.021
e-Print: a 07.7235 [hep-ex] | PDF
References | BibTeX | LaTeX(US) | LaTeX(EU) | Harvmac | EndNote
CERN Document Server ; ADS Abstract Service; Link to PRESSRELEASE

3. 433 citations in 2012

Combined results of searches for the standard model Higgs boson in $pp$ collisions at

$\sqrt{s}=7$ TeV

CMS Collaboration (Serguei Chatrchyan (Yerevan Phys. Inst.) et al.). Feb 2012.

Published in Phys.Lett. B710 (2012) 26-48

CMS-HIG-11-032, CERN-PH-EP-2012-023

DOI: 10.1016/j.physletb.2012.02.064

e-Print: arXiv:1202.1488 [hep-ex] | PDF
References | BibTeX | LaTeX(US) | LaTeX(EU) | Harvmac | EndNote
CERN Document Server ; ADS Abstract Service

4. 381 citations in 2012
Combined search for the Standard Model Higgs boson using up to 4.9 fb$*{-1}$ of $pp$
collision data at $\sqrt{s}=7$ TeV with the ATLAS detector at the LHC
ATLAS Collaboration (Georges Aad (Freiburg U.) et al.). Feb 2012. 8 pp.

Published in Phys.Lett. B710 (2012) 49-66
CERN-PH-EP-2012-019
DOI: 10.1016/j.physletb.2012.02.044
e-Print: arXiv:1202.1408 [hep-ex] | PDF
References | BibTeX | LaTeX(US) | LaTeX(EU) | Harvmac | EndNote
CERN Document Server ; ADS Abstract Service; Link to all figures including auxilia

figures
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Breakthrough of the Year, 2012

Every year, crowning one scientific achievement as Breakthrough of the Year is no
easy task, and 2012 was no exception. The year saw leaps and bounds in physics,
along with significant advances in genetics, engineering, and many other areas. In
keeping with tradition, Science’s editors and staff have selected a winner and nine
runners-up, as well as highlighting the year’s top news stories and areas to watch
in 2013.

FREE ACCESS

The Discovery of t ggs

Exotic particles made headlines again and again in
2012, making it no surprise that the breakthrough of
the year is a big physics finding: confirmation of the
existence of the Higgs boson. Hypothesized more
than 40 years ago, the elusive particle completes the
standard model of physics, and is arguably the key to
the explanation of how other fundamental particles
obtain mass. The only mystery that remains is
whether its discovery marks a new dawn for particle
physics or the final stretch of a field that has run its
course.

Read more about the Higgs boson he research teams at CERN.

Runners-Up

This year's runners-up for Breakthrough of the Year underscore feats in
engineering, genetics, and other fields that promise to change the course of
science.

Eggs from Stem Cells

Controlling Bionics Majorana Fermions
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Simulation of a Higgs-Boson decaying into four muons, CERN,
1990.
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What do you think?

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

) Definitely () No Way
VOTE

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

2010: Facebook's
Mark Zuckerberg

2009: Ben Bernanke 2008: Barack Obama

Most Read Most
Emailed

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

2 LIFE Behind the Picture: The Photo That Changed
the Face of AIDS

3 Nativity-Scene Battles: Score One for the Atheists

4 The $7 Cup of Starbucks: A Logical Extension of the
Coffee Chain's Long-Term Strategy
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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.
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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
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would surely be happy to collect any honors or
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The LHC Run 1: a bountiful harvest
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On the shoulders of giants

detector makers & theory calculators
_ 82 |

“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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H(125) — looking for “something else”

o83
1 Mass
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O SM consistency: (my, my,, m
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0 J=1 and J=2 disfavored.
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O Zero. (That was easy.)
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0 Parity
o Amplitude decomposition — EFT

0 Scalar couplings
0 K— K(q) — f(q) — EFT
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Handles on deviations

O Mass
O Exp. Uncertainties

O SM consistency: (my, my, m,_ )
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n Ze ro. (Th q-l- WG S ea SYO) Spin 1 Spin 2 prod. via gluon fusion 7 S:pin72 production via qq

O Parity
O Amplitude decomposition — EFT

O Scalar couplings
O K— K(q)— f(q) = EFT
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Nobel prizes...

The Nobel Prize in Physics 2013
Francois Englert, Peter Higgs

Share this: EIEIE1Ed 1.8« ]
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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Eminent physicists receive royal honours

by Deborah Evanson, Colin Smith, Gail Wilson
16 June 2014

- Bethe first to comment

Two of Imperial's physicists, best known for predictingand = Printthis story
finding the Higgs boson, have been knighted in this year's
Queen's Birthday honours list.
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Standard Model of Particle Physics

“ [ http://cern.ch/go/dWbz ]
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TOPWIWIH? +(¢°)° + 20707 — 197 5 ZOZO[H2 (¢°)* +2(2s2, — 1)%¢% 9] — 3 Q%ZS "Who™ +
Woot) - %Z’QQ?;LZ;?H(WW_ Wy ¢5+) 59750 N¢O(W+¢_ + W, 9h) + 3ig SwAuH(WJ?_ Woot) —

gz‘z—z(chu — 1)Z2AN¢+¢_ —g's? A A,@*qﬁ — My +m))er — vryovt — ﬂ?(’y@ + mﬁ)ujA — d?(’y(? + md)d’\
igswAu[—(@"e*) + (@) uy) 3(d?7“d?)]+zc%22[(v P+ + (@M (4sh, = 1=7)ed) + (a7 (5 s, —
L=22)u}) + (3 (1 = 553, = V)@ + 25 WH T (L +97)e) + (@i (1 +9°) Coand)] + 55 W (@ (1 +

qﬁ\/
\

7%

VW) + (CLA (1 + 7)) + 2522 [~ g+ (1 = 70)e) + ¢ (1 + 7)) — 23 (e +
i0°(E9°N)] + g i Ol = 77)) + A Crn(L 4905+ g Imdy Cha(1+ 7)) —
(@O 3] — $5H () ~ ST @B + 0@ ) — (B ) + X0 -

MZ)X++X—(82—M2)X—+X0(82 ) MEYXO+ Y 0?Y +ige, W9, XX~ —8“X+X0)+igstj(a#YX——

O XTY) +ige,W, (9, XX = 9, XX *) +igs, W, (0, XY -0 YX"’) —|—igch0(8 X*‘X“‘ 0,X X))+
195, A0, XX — 0,X"X7) = LgM[X*X*H + X~X~H + XX H] + 152%ig M[X+ X%+ —

X-X0"] + g igM[X°X~¢* — XOX+67] + igM s, [XOX ¢+ — LOx+p] + ng[X+X+¢0 XX
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Standard Theory of Particle Physics

[ http://cern.ch/go/dWéz ]

—5009,0u9); — 95" 0u939,9, — 1921 959,00 + 51927 q)) gy, + GG+ gof*D,GGly;, —
OWy 0, Wy = MWW, = 10,200,20 — S M*Z078 — 10,A,0,A, — 10, HO,H — Ym? H? — 0,6% 0,6 —
NP6~ §0,0°0,0— J MoPe— 3y [B + L1 1} (H2+¢°¢°+2¢+ i LW,

WiHW,) — Z0WHa, W — W oW, +Z°(W+a W W) —
A (W oW, — W, aw+)+A (W+0,1

(Z°W+Z°W
W+W ) — 24 toT +

A )+(u (58
;" (1+9°)Coedf)] + MW# (@ 7"(1 +
—0)eN) + ¢ (B (1 + 7)) — e [H (@) +

, Can(1 = 7°)d5) + my (@) Crn(1 +7°)d5] + 356~ [ma(d}CL, (1 + 7 )uf) —

NN = )] — 5 H () — § 5 H (@) + § 5700 (@)7"w) — § 516077 d) + X +(9*
M2)X+ + X (9% — M2)X— + X0 = M) X0+ Y O +ige, W0, XX~ = 0, X+ XO) +igs, W0,V X~ -
0 XTY) +ige,W, (0, X X0 — 9, X°X*) +igs,W, (0, XY —9,YXT) +z’gch°(6 X’*X* 2,X"X7)+
1950 A0 XXT = 0, X" X7) = LgM[X*X*H + X~ X~ H + L XOXOH] + 12%ig M[X+ X%+ —

X"X07) + 5L igM[X°X 6% — XOX 6] +igMs,[X°X ¢+ — KOx+gm ]+ ng[X+X+¢° X-X¢]
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The fate/character of the Universe

[ JHEP 1208 (2012) 098 |
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0 Standard Theory seems self-consistent up to large scales.

o ...though the Universe might decay.
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- Standard Theory of Particle Physics

—50,950,9% — 95 f " 0ug89h95 — 3921 f Y ghgtgls + 5ig2(@T"q]) gl + GUO G + g, f“”ca,LC_v'“G”gz -
OW, 0,W,; — MWW, — 10,200,720 — 3 M 2020 — 10,A,0,A, — 10, HO,H — m3H? — 0,6 0,6 —
M2¢+ o™ — 50,0°0,0° — 5o Md¢° — B, [2_2{" + 2MH + 3 (H? + 66 + 26 ¢7)| + 2o, — g [0, Z0(W,E W, —

WiW;) — ZAWFa,W, — W, 0,W,) + ZO(W+a W, — W, 9,WH)] - zgsw[a A WEW, — Wi, —
A,Wrow, =W o,Wh) + A (W o,W, — W0, W+)] %gZ’WJW;W;W; + 5 PWIEW,WIEW, +

GPE(ZOWFZOW, — ZOZOW W, ) + 252 (A, W+A W A“A#WJW,,‘) + 9P 5uCu[ A Z0W W, —

WIW) =24, Z0W, W, ] — ga[H? + H¢°¢° + 2H¢+¢ | — §9%an[H* + (¢°)* + 4(<z$+¢_)2 + 4(¢°) 2Pt~ +
H2¢>+¢ +2(¢0)2H2] 9MW+W H—39% NZVZVH — 29[W+(¢°(9u¢ —¢0,0") =W, (¢°3u¢+ ¢+3u¢°)]+

59(WHHO¢~ —

W, %) +igs ) —

TOEWIEW, +
W ot) = Sig? 2 ZOH(W, b~ — W, 0%) + L g%s, A" (Wio— + W, 0%) + Sig?s, A H(W,F o~ — W, 6F) —

922 (2ch, = D) ZpAudt o™ — g'sL AL AT O — @90+ m)er — POt — w} (v0 + my)u) — d (v + mé)dﬁ- +
igswAu[—(é“/‘je*H%(ﬂ?’y“u]*-)—%(dﬁ“dA)]Jr—LZE[(DAv"(l +Y0 )+ (@ (4], — 1 75)6 )+(ﬂ (st
1= %)uy) + (dyy*(1 = §s3, —°)d))] + ;f’fWI (M (L+°)er) + (@ (1 +7°)Cedf)] + 5% 2\/ W@y (1 +

VW) + (LA (1 + 7)) + 1478 =6+ (AL = 1)ed) + ¢ (M (1 + 7)) — 422 [H(Ee) +
@]+ gyt i Con(1 = 7)) + (1 +77) dﬂ+ﬁ;%¢-[m3<d%cin(1+f’> 5 -
(@O (1 — 7)) — $7 H (@) — 5 H(BE) + 7@y ) — 970607 + X+(9? -

M) X+ X (0 —M2)X‘ + X092 — %:)X°+Y82Y+igcij(8 XX~ —a X+X°) +igs, W0, Y X~ —

0, X*Y) +ige, W, (9, XX — 9, X°X*) +igs, W, (9, XY — 0, Y X7) +igch0(8 X+X+ 9,X"X") +
195 A (0, XX+ = 0,X"X7) = LgM[X*X*H + X~ X~ H + £ XX H] + 132%ig M[X* X ¢+ —

X=X+ 5-igM[X°X " — XOX V7] +igM s, [XOX ¢t — X0X+¢> ]+ ng[X*‘X*‘qb0 XX ¢"
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Standard Theory of Particle Physics

95 |
—50,950,9% — 9sf**°0ug595 95 — 1921 fYgh gt anas + 5i92(@T ") gl + GOPG + g, f"”ca,.LC_r’“G”gfL -
OWFOW, = MPWEW = 30,200,270 — 55 M2Z0Z0 — 30,A,0,A, — 30,HO,H — jm} H? — 0,6 0,6~ —
M2G+ 6™ = 50,0°0,6° — 515 M@°6° = By [2_2{" FE A2 4 000+ 26%67)] + 2 o, — ige [0, Z0(W Wy -
WHW,) — ZAW,0,W, — W, 0,W;) + Z°(W+8 W, — W, 0,W;})] - zgsw[a A (WEW, = WirW,) —
A WFoW, =W, 9,WF) + AM(W;&,W; - W;BVWJ)] - %g2WjW;WV+W; + 5P WIEW,WIEW, 4+
G E(ZOWEZOW, — Z0ZOW W) + g*s2 (AW AW, — A“A,LWJW,,‘) + gzswcw[A“ZB(W;W; -
WyW, ) =24, Z,W, W] — ga[H® + H¢°¢° +2Ho o] — ggPan[H' + (%) + 4(¢+¢‘) +4(0%)%9" o™ +
AHP¢* ¢~ +2(¢°) P H?| = gMW I W, H — 5955 Z) Z) H — zg[W+(¢°0u¢ —¢70,0°) =W, (40,0 — ¢+3u¢°)]+

W, o%) +igs ) —
}ngW:W‘ +
W ¢+) zg 2% 7O (WHh— — W -t 4+ La2s A O(WHh— 4+ W-ht) + Lin?s A H(W+h— — W‘(f)+)
g2s (2¢% — l)ZO . d3\+
igsn A, [— (e But: dqu matter, matter-antimatter, etc. 52—
1=%)u}) + (AT =555, = V7)) + W,y (T 7)) F iy (T F ) Ond; )+ 55 33"V 11 Y1+
VW) + (d5CL ™ (1 +7°)u A)]Jrsz[ ¢t (N1 —7)e) + ¢ (N1 + )] — 472 [H (2 e) +
i (@) + ngqﬁ*[—md( @) Cow(1 = 7°)d5) + mih (@) Con(1 +7°)d5] + 532707 [mi(d)Cl, (1 +7)uf) —
mi (O (1 — )] — 275 H (@) — %%H(J?d?) + 19 60 (@dyPu) — %%¢°(J?75d§) + XH(0* -

M) X+ 4+ X (0% — M?)X— + X002 = M) X0+ Y Y +ige, W, (9, XX~ = 0, X X0) +igs, W, (9,V X~ —

O XTY) +ige, W, (0, XX =9, XX ") +igs, W, (9, XY —9,YX) +igch°(8 )_(+X+ 9,X X7)+
1950 A0, X TXT = 9,X"X7) = JgM[X*XVTH + XX~ H + 5 XX H] + ! 126 g MX+ X0+ —

X™X%] + 5-igM[X0X~¢" — XOX*¢7] +igM s, [XOX~¢* — X0X+¢ ] + ng[X+X+qb° XX ¢
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Outlook
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0 Experiments’ pages on results:
O ATLAS: hitp://cern.ch/go/7IDT
O CMS: http://cern.ch/go/éamZ
o Tevatron: hitp://cern.ch/go/h9iX

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

“ ..and references therein.”

0 LHC HXSWG WG2:

http://cern.ch/go/pi7d

0 Incomplete list of conferences and
workshops:

Higgs Days 2013: http://cern.ch/go/6zBp

ECFA HL-LHC workshop:
http://cern.ch/go/SFWé

Higgs EFT 201 3: http://cern.ch/go/bR7w

Higgs Couplings 201 3:
http://cern.ch/go/THp?Q

Moriond 2014: http://cern.ch/go/k8FP
Bernasque 2014: hitp://cern.ch/go/Pz7I
ICHEP 2014: http://cern.ch/go/8Btf

Rencontres du Vietham 2014:
http://cern.ch/go/97))

Zuoz Summer School 2014:
http://cern.ch/go/9SHw

Higgs Couplings 2014:
http://cern.ch/go /ctNé
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