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Why and how does the Universe work?
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A brief history of describing nature
Reason driven explanations

Initial explanations for the building blocks of reality
took the form of philosophical concepts such as:

« Democritus's Atomism

« Ancient Greek’s Classical Elements of fire, earth,
air, and water!
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A brief history of describing nature
Initial scientific explanations

Group = 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

Scientific revolution of the 17" century gave birth to 1+" 1
the scientific method, which replaced philosophical H
reasoning for exploring how to describe the nature of 2 |2 ||g Bl &l d|l&]?
reality: 5 1112 13114 |75 |6 |[17
Na || Mg ALl Si || P |l S|l d
 John Dalton offeyed the first evidence that matter 4 | R1E | 12115 (|57 1&gl 128|121 [1&01130 8L 11&211 22|13 &
exists as finy particles — atoms! s [371[38] [39[20][41[22|[231[24][25]1[261[47|[28|[4o |[50 |[ 51 |[52 |[ 53
Rb || Sr Y || Zr |[Nb|[{Mo|| Tc ||Ru [|Rh || Pd [|Ag||Cd || In |[Sn|[Sb|[Te || I
e  Dmitri Merjdeleev fi_rs’r c_:lossified the building blocks 6 22|88 || {4 || & || 73| & || &2 || 62|| % || B8 1| Ao || &S| &1 || 88 || &3 || B4 || &2
of matter in the Periodic Table. - [871[88*[103] [104|[105] [106][107] [108][109] [170] [117] [132| [113] [114][115] [116]|[117
Fr ||Ra |*| Lr || Rf [|Db|[Sg ||Bh || Hs |[Mt || Ds |[Rg || Cn ||Nh || FI [|Mc||Lv || Ts
* 571|158 (|59 (60|61 62|[63(|64|[65]||66]|[67]| 68 |[69 (|70
La || Ce || Pr |[Nd||Pm|[{Sm||Eu ||Gd || Tb || Dy ||Ho || Er ||Tm|| Yb
*189 1190 119111921193 (194 (|95 (96 (|97 |98 |99 |/100]{101]||102
*| Ac || Th || Pa || U |[Np||Pu|[Am||Cm || Bk || Cf || Es ||Fm||Md|| No
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A brief history of describing nature
The last piece of the puzzle!

THOMSON

\_/
RUTHERFORD
Scientific method in action: \. o —
« J. J.Thomson discovers particles smaller than an > o =
atom - electrons — and proposes the “plum T @ . ;
pudding model” of the atom. ——e—
Ernest Rutherford’s scaftering experiment showed § ,_' o ’ :

that an atom mostly consists of empty space —a
small positively charged nucleus surrounded by a
cloud of negatively charged electrons.
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A brief history of describing nature
The last piece of the puzzle!

/;QMS'&\>

An experiment you might —5= ):
do as a physics undergrad ——"—
student! It is one | did! -

+ Ernest Rutherford’s scattering experiment ' o :
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Elementary Particles
Building blocks of reality

« So, if an atomisn’'t an elementary
particle, what is¢
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Elementary Particles
Building blocks of reality

 Unlike electrons, the nucleus isn't
elementary

eeeeee
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Elementary Particles
Building blocks of reality
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In fact, the nucleus’s positively ®
charged protons and neutral neutrons,
are composed of up and down
quarks!

Nucleus

(3— Electron
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Classitying building blocks
Putting together the Standard Model

The up and down quarks and electron are not
the only fundamental particles ...
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up l
=4.7 MeV/c2
. d

g
down
/ 2

.

4

electron |
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Classitying building blocks
Putting together the Standard Model

=2.2 MeV/c?

. —
. . A4 - dh ‘
The Standard Model (SM) of particle physics up I gluo

not only describes fundamental particles, but

also their interactions through the exchange of 4.7 Mevic? 0
a force carrier particle (gauge boson). Vd 0 ‘
s / 1
down photon
=0.511 MeV/c2?
-1
- @
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Classitying building blocks
Putting together the Standard Model

three generations of matter

interactions / force carriers

(fermions) (bosons)
| I [
mass = =2.2 MeV/c2 =1.28 GeV/c? =173.1 GeV/c2 0 ) =124.97 GeV/c2
charge @ % L) L% 0 0
. . spin | % U/ % C/ % t/ 1 ‘ 0 H
The Standard Model (SM) of particle physics up J charmJ top J gluon higgs
not only describes fundamental particles, but
also their interactions through the exchange of 4.7 Mevic? =96 Mevice ~4.18 Gevic? 0 )
a force carrier particle (gauge boson). Vd e e
“ v 8 " ‘
g 4
down J strange J bottom photon
In fact, there's an entire zoo of elementary 7
pOfﬁC'@S! =0511 MeVi/c? =105.66 MeV/c2 ~1.7768 GeVic? ~o119Gevic: | N
-1 -1
. . 2
« Three generations of matter particles (both » (& v K e
quarks and leptons). electron muon J boson 8 9
. o
« W and Z bosons mediate the weak nuclear ‘£ — 0 5
<1.0 eV/c2 <0.17 MeV/c2 <18.2 MeV/c? =80.39 GeV/c2 (@)
force. O o 0 0 " W =
.. G » (Gl % V 8 %
a8 o - =
L electron muon <L O
- neutrino neutrino neutrmo W boson Q) "'>J
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Classitying building blocks

Searching for an underlying structure

The up and down quarks and electron are not
the only fundamental particles ...

The Standard Model (SM) of particle physics
not only describes fundamental particles, but
also their interactions through the exchange of
a force carrier particle (gauge boson).

In fact, there’s an entire zoo of elementary,.s=***’

I““‘

parficles!

The Higgs Boson is the source of elementary
particle’s mass in the theory.

17/02/2021

three generations of matter

interactions / force carriers

(fermions) (bosons)
I Il Il
ﬁ au N
mass = =2.2 MeV/c2? ) =1.28 GeV/c? =173.1 GeV/c? 0 =121.‘37 Ge\’lt%‘
charge = % s s 0 ‘ g’ H “‘
spin | % ” % a % “ 1 [
up l charm l top luon..-{*™ higgs ‘;'
B _.--‘ 0...-““‘,
() =47 Mevic? ) =96 MeV/c? D z;a;.;&@e\ﬁc'; ™ 0 N
! -V -Y as®® [ ‘—1/3 0 CZD
2l @ (@ ]
< un® et : m
.8‘ *1*" down strange bottom photon %
=0.511 MeV/c2? ) =105.66 MeV/c2 ) =1.7768 GeVl/c2 ) =91.19 GeV/c2? [I
-1 -1 -1 0 %) i
@ @ |- @ || o <
@
[electron [ muon L tau Z boson 8 2 N
@)
92 ~ ~ M &
Z <1.0 eV/c2 <0.17 MeV/c? <18.2 MeV/c? =80.39 GeV/c? (@)
O o 0 0 £1 W o
c @ @ | ® |f 0%
L electron muon tau <L O
il neutrino neutrino neutrino Whboson O "'>J
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Classitying building blocks

Searching for an underlying structure

three generations of matter interactions / force carriers
(fermlons) (bosons)

The up and down quarks and electron are not |

the only fundamental particles ...
mass = =2.2 MeV/c2 =1.28 GeV/c2 =173.1 GeV/c2 =124.97 GeV/c2
charge = %5 0
0@ [® | ‘ . H
The Standard Model [SANM) of narticle nhvsicg uon .

h
not only describes f Iggs

also their interactio BUf hOW dO we feSf mOdern
a force carrier part .
theories of particle physics like the

oton

In fact, there's an € Sfandard MOde'? —
parficles! Gevicz ) 0
1 -1 -1 0
- @O @ || @ |3
The Higgs Boson is the source of elementary | electron || muon | tau || Zboson 8%
pOrT|C|e,S mGSS ln The Theory. (£ <1.0 eV/c2 <0.17 MeV/c? <18.2 MeV/c? =80.39 GeV/c2 ﬁ 8
O o 0 0 £1 O @
(O r®|[® (@ S
E L neutrino L neutrino [ neutrino Whboson (D"'>J
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How to test the Standard Model’s
oredictionse

HISTORY OF THE UNIVERSE A
Dark energy
accelerated
- The Standard Model is one of the greatest I U
and most powerful theories — it has made Background radation  formaion

is visible

remarkably accurate predictions that have e
withstood incredible experimental scrutiny.

y jiverse
Size of Visible uniy

- Testing the predictions of a quantum theory
requires studying matter on the quantum
scale!
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« As the de Broglie wavelength, A, of a particle
with mass is given by A = h/p, very high
enelrgiles are required to probe very small
scales!

- The energies we are need to create are
the same as those of the Universe 1x10°13
seconds after the Big Bang!

t =Time (seconds, years)
E = Energy of photons (units GeV = 1.6 x 10710 joules)

The concept for the above figure originated in a 1986 paper by Michael Turner. Particle Data GI’OUp, LBNL © 2015 Supporfed by DOE
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High Energy Physics

Recreating historic conditions

E/ E

4 é

17/02/2021

Particle accelerators are used to recreate
the high energy condifions of the universe
on a more local scale by accelerating and
colliding elementary particles.

E2 = m2c4 + p2c?2 — the more a particle is
accelerated, the greater its total energy —
the greater the collision energy — new
partficles can be produced!

Beams of particles are accelerated using
electric field and are steered (and
focused) with magnetic fields.

Particle detectors are used to observe the
result of such collisions.

Alexander David Morton
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CERN and the Large Hadron Collider
Largest physics laboratory in the world!

CERN:

» The European Organisation for
Nuclear Research is a particle
physics laboratory that provides
particle accelerators and other
infrastructure for high energy
physics researchers.

Formally founded in 1951 by
optimistic scientists to provide a
peaceful force for unity in post-
war Europe.

Located on the Swiss-French
border near Geneva.

 Conisists of 23 member states
and has several associate states
and observer states.
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CERN and the Large Hadron Collider
Largest physics laboratory in the world!

Large Hadron Collider :

» Largest (27 km in diameter) and most
powerful particle accelerator ever built!

* Has a design centre-of-mass collision
energy of 14 TeV for proton-proton
collisions!

« Collides particles up up to 1 thousand _.
million times a second! ORI g

« Four main experiments (+ several smaller
ones) test the SM and search for new
physics!
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The Compact Muon Solenoid
Searching for the Higgs and new physics

« Compact Muon Solenoid (CMS) is the
smaller of two large general purpose, but
complimentary particle detectors operating
at the LHC.

« Both general purpose detectors are
designed to:

+ Take the broadest possible range of
signails;

» Discover the Higgs Boson and measure
its properties;

» Explore physics at the TeV scale and
look for evidence of new physics!

« CMS has an onion-like design, with different
layers of detectors optimized for different
purposes and a powerful solenoid!

17/02/2021

CMS DETECTOR STEEL RETURN YOKE

Total weight : 14,000 tonnes 12,500 tonnes

Overall diameter :15.0m
Overall length ~ :28.7m
Magnetic field :3.8T
———— S

SILICON TRACKERS
Pixel (100x150 um) ~16m* ~66M channels
Microstrips (80x180 um) ~200m? ~9.6M channels

SUPERCONDUCTING SOLENOID
Niobium titanium coil carrying ~18,000A

MUON CHAMBERS
Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
Endcaps: 540 Cathode Strip, 576 Resistive Plate Chambers

b PRESHOWER
y ~ Silicon strips ~16m? ~137,000 channels

| FORWARD CALORIMETER
 Steel + Quartz fibres ~2,000 Channels

CRYSTAL
ELECTROMAGNETIC
CALORIMETER (ECAL)
~76,000 scintillating PbBWO, crystals

HADRON CALORIMETER (HCAL)
Brass + Plastic scintillator ~7,000 channels

Alexander David Morton 19



Compact ...
... but densel

« Despite appearances, CMS at 21m
long, 15m in diameter and 14,000
tonnes is a relatively compact

detector! ! : g

« The ATLAS experiment is 46m long,
25m in diameter and weighs 7,000

tonnes!
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The Compact Muon Solenoid
How do we measure/see particlese

Each layer of CMS is designed
to measure the energy and T T T
momentum of different types of *» )
parficles.

Muon

Electron

Charged Hadran (e.q. Pion)

= = = « Neutral Hadron (e.g.Neutron)
= ====Photon

Detector is designed to be
hermetic — detectors are
designed/located accordingly.

* The charged particle tracking
detector and electromagnetic
and hadronic calorimeters are
enclosed by the solenoid.

e The muon chambers are
outside the magnet.
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So how did the hunt for the Higgs go?

» Discover the Higgs Boson

17/02/2021 Alexander David Morton
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Searching for the Higgs Boson
Prediction ...

The Higgs mechanism was originally developed in the 1960s as a means to give particles
their correct masses.

While the mechanism predicted the existence of a particle, there was no direct proof of its
existence for many decades ...

« ... It became the most important unanswered questions in particle physics as otherwise
the Standard Model was incompletel

This search was a key motivation in constructing the LHC and its experiments ...
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Searching for the Higgs Boson
... 4" July 2012 announcement ...

17/02/2021 Alexander David Morton
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Searching for the Higgs Boson
... and observation of a new boson!

1 i l I i 1) L l T I I
it 7 > — 71T - - 1 T 1T T
= - Q
1 . CMSH-vyy | © s500F ATLAS ¢ Dat
2 . : ~ 3000E Sig+Bkg Fit (m =126.5 GeV)
(] —
8 1500 (& Vs=7TeV,L=5.1 fb~! — ‘g L Ne, e Bkg (4th order polynomial)
o i Vs=8TeV,L=53" | & 2°0F
“ ) | 2000F  va
8 —
% 1000 a 1500E" {5-7 Tev, [Lat=4.81b"
2 ! ] 1000F- |, ;
2 = 1s=8 TeV, [Ldt=5.9fb
20 i i 500
g i ) = (a)
~ [ ¢ data 1 poecoETTTTTT T
¥ 500 | —— S+Bfit i D 100
) | emesee B fit component §2] 0 + ¢ +—+ s + LELELLL ¢ ¢ H ¢
> | @l 1o i 5 + ' ' } * 0 ¢
1 1 l 1 1 L L l 1 1 L L l L L 1 1 l L 1 L 1 l 1 L _200 L 1 i L L
110 120 130 140 150 100 110 120 130 140 150 160
IN},),(GCV) Myy [GeV]
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Searching for the Higgs Boson
... and observation of a new boson!

The Standard Model was completed!

... but what does this description of nature look like
when it isn’t a table of particles?

17/02/2021 Alexander David Morton 26



| ‘ I e S TO I I d O rd M O d e ‘ Loy = —308,950, 98 — 9. f*B,gtghgc — 292 f** gtgtglas — B, W, 0,W, —
MWW, —30,250,Z% — 5= M*Z0Z0 — 20,A,0,A, — igew(8, Z3(W, W, —

WiW,) - Z)(W, oW, —W,a,W])+ ZW, oW, —W,d,W})) —

° ° igsw(auAu(W;W; —WiW,) - A,,(W;(?,,WI; ~W,8,W;) +A W O,W, —
complete aescrinTion W) AW W WV W, < e 2w
Z0ZWSW,) + g*ss (AW, AW, — ALAWIW, )+g swcw(A ZO(W*W‘
W, W) — 24, Z0W,;W,) — 10,H8,H — 2M2ah — 9,0t a,‘¢- -1 u¢°a#¢0
i (B8 + DL 1 312 + 060 +297)) + 2
1 gapM (H® + H¢¢® + 2Ho ¢™) —
. . . . . 39%an (H* + (¢°)* + 4(67¢7)2 + 4(4°)%¢" ¢~ + 4H?¢T ¢~ +2(¢°)°H?) —
* The Lagrangian of the SM in all its full glory is a bit of : oMWW, H—EgMZOZOH—
lig (W:(Qboauqs_ - ¢ au¢0) (¢an¢+ ¢+au¢0)) +
a mouthful ... 19 (W;(Hauﬁ- 67 OuH) + W (HOG" — §%0,H)) + Lg2(ZHO,4° — °0,H) +
M (= Z°6M¢O+W+8 ¢ + W, 8,6") —igeMZ(Wi ¢~ —W, ¢)+igsuMAL(W;¢™ —
Wooh) -~ gl 206700 — & 08" +ig3u A8 06 — 97087
LEW W, (B + (0 4 26767) — 1P 2020 (H + (&) +2(25% — 1%6767) —
%gZ%Zgasﬂ(Wm W)~ zg?ﬂ;ZUH(Ww- W %) + 1025, Au8°(Wié™ +

« The Lagrangian is a function that describes the

state of an evolving system and the maximum W6%) + LigPsu A H(W,i6™ — W, 67) — *2s(263 — 1) 204,646~ —
energy it can possibly maintain. s A~¢ ¢ + 39 (@7 a)gp — @ (10 + m)e — (40 + mp) — (0 +

) N — 00+ mA)d +igsud, (—(Erhed) + F@iyru)) — 3(dyid))) +
ZO{(V YL+ W) + (@ (4sE — 1= 7°)eY) + (I (555 — 1 —2°)d)) +

(@ S s F PN} 55 (27 (147U Psce®) + (@7 (L +77)0n)) +
. - . =W, "‘U“ff’T “(1+ dECLAH (1 + %)) ) +
- Despite appearances, describing a system in terms _;{w (_(( S 3)6)) PRV 173))6%
of ifs Lagrangian is one of the easiest and compact 6™ (MU + W) = M@V (1 — 97 — $RH) -
ways to present it! 7 (ed) + g ¢0(UA75VA) 27 40( ) — 1oy ME (1 — 5) 0 —

IO ME (1= 75)0s + 535556" (—=mi(@}Cx(1 — 7°)d5) +my (@} Con(1 +7°)d5) +
s (md(d‘*clﬁ(lﬂ Jug) = mi(@CL (1 — 1)y — $5H (@u)) -

2MV2 .7
. . . &ﬂd_H d)‘d’\ my 410(7A~5,,A _.q.ﬂd_ 0 d_’\ EdA Gu62Ga abL3 GaGb
- There is an abbreviated form that neatly fits onto a X _<M2)§;:+X¢(;3 7;;2?)( +X§§3§ Mf));waz,,:fgﬁww A
mug ... 8, X+ X)+igs, W8,V X~ — 8,X+Y) + ige, W5 (8,X~ X0 —

8uX°X+)+igste_ 0, X7Y — 3#17X+_) +igc, Z9(0, XXt —
0, X~ X7)+igs, A, (0, XX —
8, X" X")—tgM (X+X H+X X H+ - XOXOH) +52 g M (X X0 — X~ X0¢7)+
sig (X°X ¢+ — X°X+¢ )+ngs,,, (XOX-¢+ — XOX+¢7) +
Lig (X*X*+¢® — X~ X~¢°) .
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The Standard Model
Abridged Version

Yes, this version is briefer, but what does this equation
actually meane

« 1'line: describes all the electromagnetic and strong and
weak nuclear forces.

« 2Mline: describes how these forces act on quarks and
leptons

« 3dline: describes how particles gain their masses from
the Higgs

« 4Mine: enables the Higgs to do its job!

17/02/2021 Alexander David Morton
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What next ...

QOutstanding questions ... ¢

« So now the Standard Model is complete, do we have a theory that describes everything?

17/02/2021 Alexander David Morton 29



What next ...

QOutstanding questions ... ¢

« So now the Standard Model is complete, do we have a theory that describes everything?

Afraid not!
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What next ...

QOutstanding questions ... ¢

« So now the Standard Model is complete, do we have a theory that describes everything?

e Lofs

17/02/2021

of outstanding questions that we still do not have the answer for ...

Why is there a matter-antimatter asymmetry in the Universe¢ Far more matter exists
than we expect!

How can we reconcile Einstein’s describing gravity, General Relativity, with the
Standard Modele These theories are fundamentally incompatible which each other
and produce contradictory cosmological results ...

What is the nature of Dark Matter and Dark Energy?
How and why do neutrinos have masse
And (many) more!

Alexander David Morton 31



CMS Research Output

't is not all about discovering the Higgs ...

Just because we've found the Higgs doesn’'t mean we can all rest now — there's still plenty of
physics to be explored at the LHC, including, but not limited to:

« Precision tests of Standard Model predictions, measurement of Higgs properties, search
for physics Beyond the Standard Model, and probing flavour physics (the weak decays of
heavier quarks, the tau lepton, and Higgs boson)!
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CMS Research Output

't is not all about discovering the Higgs ...

Results are not just about making new observations/discoveries!

1000

S/(S + B) weighted events 1.5 GeV~!

[ ¢ data
500 | —— S+Bfit
| (dseaas B fit component
| CJtlo i
| 20 i
0 y— l il I l i — y— l I — l B2 M ) l L
110 120 130 140 150
17/02/2021 my, (GeV)

1500 [

CMS H-vyy

LS L B B B

Loy (P ol B S e F

s=7TeV, L=5.1 fb-!
Vs=8TeV,L=53fb" ]

LI L

EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH (CERN)

CERN-EP-2018-328
CMS 2019/04/09

1T
CMS-TOP-18-008

Observation of single top quark production in association
with a Z boson in proton-proton collisions at /s = 13 TeV

The CMS Collaboration*
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CMS Research Output

't is not all about discovering the Higgs ...

Precis

lon measurements are important too!

EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH (CERN)

Y
11T

CERN-EP-2020-047
CMS 2020/07/23

CMS-TOP-17-012

Measurement of CKM matrix elements in single top quark

17/02/2021

t-channel production in proton-proton collisions at
Vs = 13TeV

The CMS Collaboration*

CMS

September 2019

CMS Run 1 legacy
PRD 93 (2016) 072004

2015, muon+jets
TOP-16-022 (2017), 2.2 fb™

Lepton+jets
EPJC 78 (2018) 891, 35.9 fb

Dilepton
EPJC 79 (2019) 368, 35.9 fb'

All-jets
EPJC 79 (2019) 313, 35.9 fb”!

Lepton+jets, all-jets
EPJC 79 (2019) 313, 35.9 fb

Single jet, pr > 400 GeV
TOP-19-005 (2019), 35.9 fb™

Tevatron combination
arXiv:1608.01881 (2016)

World combination
ATLAS, CDF, CMS, DO
arXiv:1403.4427 (2014)

| | | | | | | |

172.44 £ 0.13 + 0.47 GeV
172.62 + 0.38 + 0.70 GeV
172.25 + 0.08 + 0.62 GeV
172.33 +0.24 *066  _  GeVv
172.34 +0.20 + 0.70 GeV

172.26 £ 0.07 =+ 0.61 GeV

§477077%77%7 775

172.56 + 0.41+ 2.44 GeV

(=
174.30 + 0.35 + 0.54 GeV

~—@— 173.34 £0.27 £ 0.71 GeV

1 | | I | | | | I | |
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CMS Research Output

't is not all about discovering the Higgs ...

137 b (13 TeV)
T T | T T T I T T T | T
CMS ¢ Observation
[ ] Cosmic ray muon background
[ ] Core and satellite bunch background

[ Beam halo muon background
-------- GMSB m, = 2400 GeV,cty=1m

—_
o
~

—_
o
w

As are null results!

Events /0.5 ns

10 —p e GMSB m, = 2400 GeV, ct, =10 m
EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH (CERN) S GMSEB m, = 2400 GeV, ct, = 30 m
1k
s Gl 107 B
T 10—2
CMS-EXO-19-001
107
-4
Search for long-lived particles using nonprompt jets and 10
missing transverse momentum with proton-proton 10°
collisions at y/s = 13 TeV
et (ns)

The CMS Collaboration*
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My small role in CMS

I of 4000+ collaborators,

How do | contribute towards the research
activities of the CMS collaboration?

| have been a member of the collaboration
since my Master’'s degree (2013). )

 Long term conftributor to tracking detector
hardware upgrade projects.

| have historically searched for rare “top
quark” processes, but | am currently
searching for dark matter that is produced
from Higgs boson decays.

« When the LHC is operational, | tend to do a
lot of shifts at CERN for the tracker detector
and the trigger system. My favourites are
night shifts during the start up of the LHC.

17/02/2021 Alexander David Morton




Outlook at CMS and the LHC

The calm before the storm

« The Large Hadron Collider has delivered an unprecedented amount of data at near
design energy to the various experiments which use it!

« CMS has published over 1000 peer-reviewed research papers!

« Immensely exciting but challenging period ahead of us in CMS ...
« Operating and maintaining an aging detector

 Harvest the wealth of physics in our large datasets — increased access to rare
processes and increased precision measurements!

« We have only collected ~5% of the total data planned to be delivered by the LHCI
LHC will start Run 3 in early 2022 and will deliver as much data as Runs 1+2 combined!

« Work on upgrading out detector for the "High Luminosity” LHC

« Belgium has an active leading role in the CMS experiment — both in terms of undertaking
physics analyses and in contributing to future upgrades to the CMS experiment!
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Thanks!

Alexander David Morton
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BACKUP

Alexander David Morton
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CesiCkm 5,'1),

Dark Matter

Hiding In plain sight!

Observations
- from starlight

" Velocity

- Expected:-from

the visible disk

10,000 - 20,000 30,000

© . Distance (light years)

17/02/2021

40,000

Free Hydrogen
and Helium Heavy

Elements
Dark Matter , Neutrinos
23% ‘ 0:3%
Dark Energy =2
O.59%y

73%0

 General Relativity is an incredibly successful
theory, but the observed rotational speeds of
galaxies do not match theoretical predictions.

* In other words, the observed visible masses of
galaxies is inconsistent with the masses
required for the observed rotations of galaxies.

« “Dark matter” is the most accepted
hypothesis and would make up a significant
component of the Universe!
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Alexander Morton

Joined Steven Lowette at the VUB/IIHE in March 2020 as an
EOS postdoc to work on Exotic Physics searches and
Tracker Upgrade projects as part of the CMS Collaboration.

Background:

« PhD: Brunel University London and former Researcher at Imperial
College.

« Undertook first search for tZq (dilepton) in CMS (PhD)

« Longstanding contributions to CMS Phase 2 Outer Tracker
Upgrade program (2013-present).

Current research activities:
« Exoftics: Searching for Higgs-produced low mass scalars.

« P2 Outer Tracker: Ongoing BE system software studies,
coordinating Pattern Recognition activities for module assembly
at the IIHE, and DAQ firmware.

Life outside of research (pre-Covid):

« Singing in choirs (bass).

« Drives/fires a 160km/h steam locomotive (built in 2008).
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