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- Largely based in Chicago (USA)

Imperial College London (UK)
Cornell University (USA)

Professor at Vrije Universiteit
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- Visiting professor University of Oxford
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Physicists are world citizens

y
¢ Live in many different

countries

e Travel to even more
places for work

e Working with people
from all over the
world

Twitter: freyablekman
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¢ Introduction
e CERN

- What and Where is it?
- Who works there?
- What do we do there?

¢ Particle Physics

- Questions, answers and the theory of everything...

¢ The Large Hadron Collider

— The Compact Muon Solenoid

Twitter: freyablekman
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What is CERN 7
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Sur le terrain

T

Sous la conduite de M. A. Picot, les membres du Conseil européen pour la
recherche nucléaire se sont rendus hier a Meyrin pour reconnaitre le
terrain ou s’éléevera le Centre nucléaire (voir en Derniére heure)

(Photo Freddy Bertrand, Geneéve)



http://cern.ch

Important dates

1949: first steps towards civilian research in nuclear
technology

1952: foundation of CERN under auspices of UNESCO
1953: Signing of the CERN charta

1954 Completion of the ratification of the 12 member states

Twitter: freyablekman
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Finances & member states

Contributions from Member States in 2019
Annual budget: 1.17 billion CHF

Austria 2.1% Netherlands 4.5%
Belgium 2.7%  Norway 2.5%
Bulgaria 0.3% Poland 2.8%
Czech Republic 0.9%  Portugal 1.1%
Denmark 1.8% Romania 1.0%
Finland 1.3%  Serbia 0.2%
France 14.0%  Slovakia 0.5%
Germany 20.6%  Spain 7.1%
Greece 1.0% Sweden 2.7%
Hungary 0.6%  Switzerland 4.1%
[srael 1.7%  United Kingdom 16.1%
[taly 10.4%

Associate Member States (~25 MCHF)
India, Lithuania, Pakistan, Turkey, Ukraine
Cyprus, Slovenia

Twitter: freyablekman
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Belgium at CERN

One of the twelve CERN founding member states

Belgium nowadays one of the 22 CERN member states
CERN membership of 27 M€/year funded by Belgian

Federal Government (FOD Economie)
 CERN Mandate:

« Fundamental scientific research
» Technology transfer

 Training and educating STEM professionals of the
future

* International collaboration

Twitter: freyablekman
bova blek
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¢ 3000 people employed by CERN

- Physicists, engineers, computer scientists,
mathematicians, firemen, cooks, builders,
technicians, secretaries, security, etc

¢ >10000 physicists associated with CERN

— Including yours truly

Twitter: freyablekman
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Who works at CERN?

a5

2 Ns?§ %

ASSOCIATE MEMBER STATES
ASSOCIATE MEMBERS IN
THE PRE-STAGE TO MEMBERSHIP

OBSERVERS
OTHER STATES

Twitter: freyablekman
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Who visits CERN

e CERN is an open laboratory

® Anyone is welcome to visit, ask
guestions, take photographs, etc

® Every year, 25,000 people visit CERN

® Open days September 2019, 75000
people visited in 2 days!!!

Twitter: freyablekman
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What do we do at CERN?

Twitter: freyablekman
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Basic vs applied research

e Two types of science research
— Basic research (how do things work)
- Applied research (how do | make...)

e CERN only does basic research

- But usually we need to build things
that do not exist yet...
¢ Applied research needs basic
research

Twitter: freyablekman
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CERN - where the web was born

N\

Twitter: freyablekman
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But also...

e PET scans

¢ Radiation therapy

";'ﬁ‘ \
4

o
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¢ | oads of computing/internet
development

- cloud, fast internet, quantum computing

Twitter: freyablekman
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Basic Questions

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

¢ What, really, is mass?

- And does the Higgs particle indeed play a role in
the creation of mass?

¢ Are there really only 3 spatial dimensions?

e Are the smallest particles we know
fundamental?

e Where did the anti-matter go? ?
e Where's the rest of the matter anyway? @

Twitter: freyablekman
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What is everything around us
made of?

|
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What is everything around us
made of?

Physics answer:

Neutron

Twitter: freyable/eman
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Scales of the subatomic world

0.00000001 mm

0.000000000001 mm

< 0.00000000000000043 mMm
C—

Heisenberg uncertainty principle:
AxAp = h
(very) large momenta necessary
to study (very) small particles:
accelerators!

Twitter:
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Anti-matter

® Anti-matter: discovered
in 1923

® Predicted by theory

® A/most same as

matter... But oppositely
charged

® Problem: at big bang
there was just as much
matter as anti-matter...
Where did it go?

Twitter: freyablekman
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15 thousand million years
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The Big Bang...

0.0000000001

seconds!
10" '° seconds

107 “ degrees

~ Particle physics

slide 25
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How do we know a// thls 7

Cosmic rays. . /
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Accelerator experiments
Radioactivity experiments

And about 100 years of
hard work by many people...
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Needed: machine for searchin

[ Google Search ][ I'm Feeling Lucky Language Tools

Twitter: freyablekman
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The Large Hadron Collider

éétarts CoIIi~si_on$.."ihi‘-2:(')"2‘2!
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The Standard Model!



http://cern.ch

Twitter: freyablekman
fre b, s aiacery oJFreya Blekman - Vrije Universiteit Brussel



http://cern.ch

—50,900,9% — 95 f"0ugs b gs — 192 F " gbglgtgl +

éw.ﬁ(qt q7) g5 + 5“320“ + 9,0, G °Gbg¢[- O,W oW, —
Y MPWW, = 10,200, 20 — 5 MP 2020 — 10,A,0,A, — 10, HO, H —

Im3H? — 0,6 0,0~ — M?qsw— — 30,8°0,8° — 5 M¢° ¢ — B[ 24~
BLH + 3 (H? + ¢%¢° + 297 ¢7)] + &(yh igcw|0, Z0(W, W, —
WiW.) — Z8WHa, Wy — W, W )+ Z3Wra, W, —
W, 0,W,5)] — igsw0, Au (W W — Wi W) — A, (Wia, W, —

W, 0,Wi) + A, (W0, W— W, 0,W;H)] — sg?WiHw, Wiw, +
—92W’+W SWEW, + gPc (ZOW+20U - ZOZOW+H )+
g su,(AHWM W — A AW, W) 1 g? chw[A ZO(WﬂI -
W, W) — 24 ,ZOWJW,;] — ga[H? + Hp'¢" + 2H¢+¢*] -
%g%wJH4+(¢%4+4(¢+¢’Y**Mé% $To™ +AH G ¢~ +2(¢°)2 H?) -
gMW W H — g Z020H — Lig[WH(¢°0,¢™ —(p au(;sﬂ)
"1/’;(¢°8u¢+—¢+3u¢°)] salw (Hamb’ ¢~ 0,H) =W, (HOup" —
¢*0,H)|+1g 1 (Z8(HO,¢° — ¢°0 H) zq—LMZO(U + -—U Tot)+
ig.stAu(U; T =Wy t) —igl5e Z(¢7 0,6 — ¢ 0u6") +
195w A,(¢T 040~ — ¢ 0,0T) — %,(12117:”3; [H? + (¢°)2 + 20T 97| —
i QLZOZO[HQ (¢°)2 +2(25%, — 1)%p+ 7] — $g>2 2080 (WiHg™ +
W—¢+) ig? 2 Z0H (W™ — Wy o) + Lg2s,A,0° (W, o™ +
v, o) +3 zg 9“,A,LH( Wie~ _”u o) — gz:u (QCU,—l)Zg A pto —
g‘siAﬂAﬂgzﬁﬂb_‘—e 70+m et — /81/ T (7(9+m2)u;
d}(ﬂ/8+m$)d’\ + igsyAu[—(E*y*e?) + (@} u ’\) 5 (dy*d})] +
%ZU[( MR+ )+( Ay (4s3, — 1 —“) A)+(u (e =
1—7°)u}) + (d3v*(1 = §s% — P°)d)] + LW HE (1 + %)) +
(ﬂ?v”(l +9°)Condf)] + 75 W, [(é*v”(l + YO)A) + (d5Clar (1 +

*)v
7 )u )]+2—%71[ ¢t (L= ")et) + 67 (BN (L + 7)) -

%/\1 [H (e*e*) + ig°(&°e)] + 2/\1\/_(/)+[ m/f5 (@} Cx (1 — 7 5)ds) +
AT “+7Wﬂ+ﬁﬁz ~[mi(d)CL.(1+7°)uf) —mi(d)CL (1-

“/5)uj] - Q%LH(U u}) — ';; H(d}d}) + —21’1'\‘[ ¢°(a3y5uy) —
*}7‘/ ¢y’ d}) +[XT(” — M*)XT + X (9° - \IZ)X— X0 -
)X +Y Y +U(»wn (0, XX~ =0, XFXO)+igs,W,;}H(9,Y X~ —
O XTY) +ige, W, (0, X~ X% — 0, X°X ) +igs, W, (0, XY —
9, Y XT) +ige, Zo(aﬂX Xt -0, X X7)+ig5,A,(0, XX

. vV — VvV — T+ v+ N — >0 v 0
Twztter.'ﬁfeyable/eman y 0,X :X ) - sgM[XTXTH + XX H + ‘-,‘X XH| +

g MIX X0+ - X=X + igM[X°X ¢+ — X°X+¢7] +

Jrreya Blekman , 3 3 5 “
igM 5, [ X°X~¢" — XOXF¢7] + LigM[X+TXT¢* — X~ X~ ¢

2Vd. OLERMAan(acern



http://cern.ch

Standard Model at the LHC: orders of maagnitude

September 2020 CMS Preliminary

@ 7 TeV CMS measurement (L<5.0 fb™)

@ 8 TeV CMS measurement (L<19.6 fb™)

@ 13 TeV CMS measurement (L <137 fb™)
Theory prediction

2z Z Z CMS 95%CL limits at 7, 8 and 13 TeV
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All results at: http://cern.ch/go/pNj7
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Standard Moael (scarily) good at describing everything

= Full EW 2-loop
3 Z-partial widths at 1-loop

had

RO

lep

AO,I

FB
A/(LEP)

A(SLD)
. 2 lept
sin®@ (QFB)

See also:
arXiv:1407.3792
(Gfitter group)

3 -2 -1 0 1 2 3
(ofit-omeas)/ S
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Problems with the Standard Mode/l -

experimentalist perspective

e Matter vs antimatter asymmetry

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

e Dar

K Matter

t

- if it exists, it is ver%/ likely not described by

ne Standard Mode

— Neither is dark energy

e Standard Model neutrinos are massless

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

e Structure is not really explained

Twitter: freyablekman
5 ok or11 oJFreya Blekman - Vrije Universiteit Brussel
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Little Hierarchy problem,
Naturalness

Twitter: freyablekman
5 ok or11 oJFreya Blekman - Vrije Universiteit Brussel
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Little Hierarchy problem,
Naturalness
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Little Hierarchy problem,
Naturalness

If fine tuning <=10%:
Restrictions:

Nquarks ~<2 TeV
Ngauge ~< 5 TeV
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Other ways : precision vs direct
proguction

SM predicts 1 if no new particles

¢ The other way to measure
IS to find something that
the standard mode
predicts accurately and

ose Cooce that is sensitive to extra
St particles

e e This way you can go to
much higher mass but you
cannot ‘see’ the particles
themselves, just their
guantum effects on

measurement

Examples in recent media
(and tomorrow, Thursday):
LHCb R(K) and g-2
experiments

Twitter: freyablekman
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LHC - B CERN

— t e

i o -5 ATLAS
Point 1

ES40 - V100597

Twitter: freyablekman
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Experiment at particle accelerator: schematic

[] Beam Pipe

(center)
B Tracking

Chamber

B Magnet Coil

B E-M
Calorimeter

[] Hadron
Calorimeter

B Magnetized

[ron

B uon

Chambers

Twitter: freyablekman
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Transverse slice
through CMS

Silicon
Tracker

Electromagnetic
Calorimeter

Hadron
Calorimeter

Muon
Electron
Charged Hadron (e.g. Pion)

— — — - Neutral Hadron (e.g. Neutron)

Superconducting
Solenoid

Photon

Iron return yoke interspersed
with Muon chambers

5m

Twitter: freyablekman

freya.blekman@cern.ch
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CMS

e Compact
e Muon

e Solenoid

e “Compact” i
relative...

Twitter: freyablekman
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ATLAS is twice as big!
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LHC experiments will produce 10-15 million
GB of data each year (about 20 million CDs!)

LHC data analysis requires a computing CD stack with

power equivalent to ~100,000 of today's T
fastest PC processors.

And that is only because we throw away data
to only collect 1 GB/s per experiment!
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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 different?
e Matter/Antimatter asymmetry in universe?

¢ \WWhat about gravity? Or superstrings? Or extra
dimensions?

® Properties of the neutrino?

Answering any one of these questions is worthy o
a Nobel Prize!

Twitter: freyablekman
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Normally

e visiting CERN is
something thaies
physics studerf
remember for
time

Personally: | ch = “S&& W7}
my research des &
(biophysics-> particle 7%
physics) after a CERN

Visit

Normally it also is fun
socially

Twitter: ﬁeyab[e/eman
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/Instead

ﬂ“""l e Virtual vists only work
if YOU ask questions

e | know this is scary,
but without questions
this visit will be
extremely boring and

ou could spend your
aster break better

e So | propose that
everyone asks ONE
guestion

(more of course allowed)
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Don’t forget to have fun!

Twitter: freyablekman
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Belgium at CERN

One of the twelve CERN founding member states

Belgium nowadays one of the 22 CERN member states
CERN membership of 27 M€/year funded by Belgian

Federal Government (FOD Economie)
 CERN Mandate:

« Fundamental scientific research
» Technology transfer

 Training and educating STEM professionals of the
future

* International collaboration

Twitter: freyablekman
bova blek
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Nederland en Cern

Nederland is een van de 12 oprichters van Cern.

e (Cornelis Jan Bakker Director General 1955-1960
- Walter Hoogland Director of research 1989 -1994
- Jos Engelen Director of research 2004 - 2008

Nederlandse wetenschappers hebben belangrijke
bijdragen geleverd aan de ontdekkingen in deeltjes fysica
en het onderzoek op CERN.

Nobel prijzen in de Natuurkunde codeeltjes fysica

1902 P. Zeeman & H. Lorenz: Zeeman effect (structuur in spectrale lijnen,
kwantisatie van elektronenbanen)

1913 H. Kamerling Onnes: Superconductiviteit

1984 S. van der Meer: Cern Accelerator fysicus, stochastisch
koeling

1999 M. Veltman and G. ‘ t Hooft: Renormalisatie theorie van
electro-zwakke interacties

Directe rijksoverheidfinanciering voor CERN contributie
Experimenten op CERN wordt gesteund via NWO/FOM

Twitter: freyablekman
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As a job:
Travel
Variation
Colleagues
Science

University:
Experimental
Computers
Mathematics

Twitter: freyablekman
eya. blekman(@cern.ch
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In school:
Liked science,
also art, history

For my PhD:
Exciting
Doing things first
See the world
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