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From Amsterdam, NL

Ph.D. at Nikhef (NL), the
Netherlands’ national particle
physics institute

» lLargely based at Fermilab in Chicago
(USA)

Postdoc Imperial College London
(UK)

Postdoc Cornell University (USA)

Up to recently: Professor at Vrije
Universiteit Brussel, Brussels (BE)

Presently: Professor at University of
Hamburg & Lead scientist at DESY

» Distinguished Researcher Fermilab

» Visiting prof Univ. of Oxford & VUB



As a job:
Travel
Variation
Colleagues
Science

University:
Experimental
Computers
Mathematics

In school:
Liked science,
also art, history

For my PhD:
Exciting
Doing things first
See the world




Curiosity

BIG ROCK /S MOST 70 COLLIOER.”
FUNDAMENTAL PARTICLE
N UNIWVERSE/

A/o/ BIG ROCK
IS MADE UP OF
SMALL ROCKS.

src. http://www.smbc-comics.com
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Curiosity

LOOK ! SMALL ROCK ComE oUVT
OF B/16 Rock/ SMAL RocK
A WDAMENTAL :

..SMALL ROCK
\S MAYRE
STAT\ST\CAL

2 src: http://www.smbc-comics £om
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Curiosity

OKAY. GMALL ROCK
FONDAMENTAL.
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Scales of the subatomic world
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(very) large momenta necessary
oo to study (very) small particles:
o T accelerators!
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Colliders!
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Physicists are world citizens

; ",._,_-__ - Live in many different countries
? LR
S S & * Travel to even more places for

- 2P £ work
-

’, « Working with people from all
/ over the world
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Example: DESY where you are now

Many particle accelerators and research projects at DESY

> Globally unique
research possibilities

> Interdisciplinary
research

> Close cooperation
between DESY and
UHH

> |nternational
cooperation

> Approx. 3500 people
on campus

> Second campus in
Zeuthen



An ambitious research programme

Scientific challenges that DESY aday

How can we control the function of materials on p

in we film chemical reactions in real
- v time?

How can we understand infections
on the molecular level? '

What does physics beyond the Standard Model
look like?
What can astroparticles tell us about the early universe?

What do the accelerators of the future look like?

copgnitivedisto



What do we do at DESY?

Create a knowledge base that is needed to solve challenges
In society, science, and the economy.

Accelerators

Photon Science

Particle Physics

Astroparticle Physics




The Helmholtz Association

DESY is a member of the largest scientific organisation in

Germany

18 research centres
More than 43 000 employees
4.5 billion euro budget

Six research areas
Aerospace and transport
Earth and environment
Energy

Health

Key technologies
Structure of matter

GEOMAR | Helmholtz-Zentrum
fiir Ozeanforschung Kiel ®

Deutsches Elektronen-
Synchrotron DESY

Alfred-Wegener-Institut Helmholtz-Zentrum Geesthacht

Helmholtz-Zentrum fiir Zentrum fiir Material- und Max-Delbriick-Centrum fiir

Polar- und Meeresforschung Kilstenforschung (HZG) Molekulare Medizin (MDC)
- o

(]
- Helmholtz-Zentrum Helmholtz-Zentrum Berlin
S e Potsdam - Deutsches fiir Materialien und Energie
Infektionsforschung
GeoForschunosZentrum GFZ

Forschungszentrum Helmholtz-Zentrum fiir

Jilich (FZJ) i
Deutsches Zentrum fiir Himwetforschung s iEZ
Luft - und Raumfahrt (DLR)
() Helmholtz-Zentrum
Dresden-Rossendorf (HZDR)

[ ]
Deutsches Zentrum fiir
i et GSI Helmholtzzentrum fir
Eranturgen (OZE) Schwerionenforscnung

o
Deutsches
Krebsforschungszentrum

i Max-Planck-Institut
Karlsruher Institut fiir t
Technologie (KIT) fg Plasmaphysik

@
Helmholtz Zentrum Miinchen -
Deutsches Forschungszentrum
fur Gesundheit und Umwelt



Other example: CERN

« 3000 people employed by CERN
» Physicists, engineers, computer scientists,

mathematicians, firemen, cooks, builders,
technicians, secretaries, security, etc

» >7500 physicists associated with CERN

 Including yours truly

v 19




Who works at CERN?

pany §

| 'ﬁ"%
) » .

ASSONANEMNEMBER STATES
ASSOCIATE MEMBERS TN
VHE PRE-STAGETO MEMBERSHIP
OBSERVERS

OTHER STATES
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Who visits CERN

« CERN 1s an open laboratory

» Anyone is welcome to visit, ask questions, take
photographs, etc

» In 2019, 75,000 people visit CERN
« Anyone is welcome http://www.cern.ch/
visits
« CERN is TripAdvisor top Geneva destination :)

» New visitor centre just opened, increasing
capacity (now 300,000 people can visit)

21
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Problems with the Standard Model -
experimentalist perspective

Matter vs antimatter asymmetry

» Standard Model cannot provide enough CP violation to
explain dominance of matter

Dark Matter

» if it exists, it is very likely not described by the Standard
Model

» Neither is dark energy

Standard Model neutrinos are massless

» The 2015 Nobel Prize (Kajita and McDonald) was for
neutrino oscillations, directly proving that neutrinos have
mass

Structure is not really explained

Freya Blekman - DESY & UHH
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Basic Questions

e What is everything around us made of?
® How does matter stick together?

What, really, is mass?

« Now that we have a particle that could possibly create
mass, what is it and what does it do?

Are there really only 3 spatial dimensions?

Are the smallest particles we know fundamental?
Where did the anti-matter go?

Where’s the rest of the matter anyway?

23
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e Anti-matter: discovered
in 1923

e Predicted by theory

e Almost same as
matter... But oppositely
charged

e Problem: at big bang
there was just as much
matter as anti-matter...

. -
Where did it go: o







The Dark Matter Puzzle

src: G. Watts 1
—src: JWST
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Detecting collisions

*Compared to the ATLAS experiment
CMS is much smaller

*CMS weighs 12,000 tons vs. 7,500

tons for ATLA

Muon Detectors Electromagnetic Calorimeters

Solenoid

|
|
!

*ATLAS has a
toroidal magnetic
field for their
muon system

rrrrrrrrrrrr

Hadronic Calorimeters

L 4 Freya Blekman - DESY & UHH



Compact Muon
CMS Detector ==

Microstrips (50-100um)

‘l“[ J ~210m? 9.6M channels
| FACKel J —
ECALY :

HCA

Solenoid
Steel Yoke

4

STEEL RETURN YOKE

~13000 lonnes

SUPERCONDUCTING
SOLENOID
Niobium-titanium codl
carrying ~18000 A

HADRON CALORIMETER (HCAI
: 14000 tonnes Brass + plastic scintillator
:15.0m
:28.7m
Magnetic field :38T

Freya Blekman - DESY & UHH

CRYSTAL ELECTROMAGNETIC
CALORIMETER (ECAL)

76k scintillating PbWO, crystals

PRESHOWER
Silicon strips
~16m2 137K channels

Al A oAl

Steel + quartz fibres

Barrel: 250 Drift Tube & 500 Resistive Plate Chambers
Endcaps: 450 Cathode Strip & 400 Resistive Plate Chambers




om

Key:

Muon
Electron
Charged Hadron (e.g. Pion)
— — — - Neutral Hadron (e.g. Neutron)

Silicon
Tracker

Electromagnetic “\_ -
}‘ ]' Calorimeter
i

Hadron
Calorimeter

Transverse slice
through CMS

Freya Blekman - DESY & UHH

Superconducting
Solenoid
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How do we know all this?
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LHC - B CERN
s w POINE 8
A IR

=T ATLAS
Point 1

ES40 - V100897




Compact
* Muon
* Solenoid

e “Compact” is
relative...

BN 0
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More open questions

» Are the quarks and leptons elementary particles?
» Are there other particles we have not seen yet?
« Why are the masses of particles different?
« And is that connected to the Higgs Boson/field?
« Matter/Antimatter asymmetry in universe?
« What about gravity? Or superstrings? Or extra dimensions?
« Properties of the neutrino?

Answering any one of these questions will get you a Nobel
Prize!
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LHC: search engine

“Physics beyond the standard model” Advanced 2z areh

Preferences

Google Search || I'm Feeling Lucky Language Tools

hdake wour homepage beautiful with art by leading designers

Rates: Energy: 7,8,13,14 TeV
Top quark: 600/minute - Protons/Bunch: 1.5 10"
Higgs boson: 30/minute "--ourams - Business Solutions - About boogle - Bunches/beam: ~3500
BSM: ? 2008 - Privacy Bunch crossing: 40 MHz

4 Freya Blekman - DESY & UHH 3 8



Basic vs applied research

» Two types of science research
« Basic research (how do things work)
« Applied research (how do | make...)

« CERN only does basic research

« But usually we need to build things
that do not exist yet...

» Applied research needs basic research

39
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But also...

PET scans

Touch screen

Radiation therapy

Loads of computing/
internet development
« GRID

41



Normaal werk?

e Samenwerken met |
team e

® samen analyseren i’*
e Programmeren ] |
e Wiskunde/ ’ﬂ

natuurkunde i'

¢ Nieuwe dingen bouwen |
¢ Dingen opschrijven
® Reizen

® | esgeven







Vragen?
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I Gravitational

Graviton ?
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Galaxies
Black holes o~
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Neutron decay

Beta radioactivity
Neutrino interactions
Burning of the sun
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The particle drawings are simple artistic representations



Little Hierarchy problem,
Naturalness

L 4 Freya Blekman - DESY & UHH

mHiggs
126 GeV

46



Little Hierarchy problem,
Naturalness

L 4 Freya Blekman - DESY & UHH

mHiggs
126 GeV
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Little Hierarchy problem,
Naturalness

mHiggs
126 GeV

If fine tuning <=10%:
Restrictions:
/\quarks o 2 TeV

A\ ~< 5 TeV

gauge

4 Freya Blekman - DESY & UHH 4 8



Strings, Supersymmetry/SUSY
and the LHC

Freya Blekman - DESY & UHH
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