CHIPP - short outreach report, June 2024

High Schools & Students
. Masterclasses — at Bern, Geneva, EPFL and Zurich

. Workshops: Science Lab @ UZH, iLab @ PSI, Physiscope @ Geneva
. Visits at universities, CERN and schools (eg PhD students @ schools)
. Mentoring, workshops, internships, study programs for high-school students

Events

. Women and girls in science, February 11: special programs for girls in science

. Women in Physics career event at SPS (mentoring project)
. Scientifica (Zurich), Science & Nature Festival (UZH)

General public
. (Virtual) visits, talks, guided tours, videos, Youtube,...

CHIPP members very active in (VIP) visits at CERN and inauguration of the Science Gateway

. CHIPP articles

. Science Pavilion UZH: exhibitions (LHC & Dark Matter, GW)
well attended guided tours for schools, groups and general public

. Interviews, articles in newspapers

for extended report, see CHIPP agenda
ideas/suggestions?

— Katharina (kmueller@physik.uzh.ch)

2024: 70" anniversary of CERN, SPS event 10 September with talk, panel discussion and apero |
Swiss coordination: Hans Peter Beck 1954-2024
New set of posters on CERN and Swiss contributions for SPS (Show them locally if there is an opportunity u

CHIPP plenary, June 2024 Katharina Muller
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70 years of Swiss Science at CERN

‘The Large Hadron Collider, LHC (start 2009)

‘The LHC is designed to study the origin of electroweak symmetry breaking, to

search for New Physics beyond the Standard Model, and lo perform precision

measurements 1o test the Standard Model. ATLAS and CMS jointly discovered the

Higgs boson in 2012, leading to the 2013 Nobel Prize in Physics.

Swiss groups have been involved in the ATLAS, CMS and LHCb projects since.

e mmm with essential contributions to hardware, computing and physics
fses. Switzerland operates a Tier-2 computing centre at the Swiss National

Suvelwmpuhm] Centre (CSCS) in Lugano.

Experiments at the Low Energy Accelerator Ring
(LEAR) 1982-1996

LEP s o deodirs ALEPH, DELPHL LS i OPAL verd diind &)
measure the parameters of the Standard Model with unprecedented pr
ison.The L3 experiment was opinized o measure photons, aleclmns and
muons. Already in 1989, the first measurement of the Z re esta-
biished Wuch move procies
Iater constrained the masses of top-quark and Higgs partice.
show any hint of a deviation from the Standard Model predictions. LEP was
stopped in the year 2000 to allow the construction of LHC in the same tunnel

The Low Energy Antiproton Ring decelerated and
stored antiprotons. LEAR delivered ~10° anti-
| protons per second onto fix targets.

CPLEAR Crystal Barrel Asterix Muon Detectors
Test of discrete symmetries in | Search for newlexotic charged | Charged meson spectroscopy Layers of multi-wire proportional
the neutral Kaon system nd neutral states antiproton-proton anninilation chambers were used to detect
s muons. ETHZ developed the
Iaser alignment system for the
barrel, and constructed the huge
chambers for the forward and

Hadronic Calorimeter
ETHZ and PS| tested, assembled
and calibrated the HCAL, made
from depleted Uranium.

L3 Cosmics
Proposed and coordinated by
ETHZ, a system was added to
trigger on atmospheric muons
5.
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Neutrinos @ CERN
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Zurich, 9 s iyt s

OPERA : Neutrino Oscillations A
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appear:
o neutinobeam to ran Sasss

‘The hybrid detector has a 1250 ton target
mass composed of emuision fim-lead

detectors.

o aaaings In i GERN

\es complemented by electronic

First observation of
neutrino oscillations

* Muon-neurino beam from CERN to
OPERA datector at 732 km distance.

* Tau-Neutrino interactons datected in
lead by observing O(100 um) long tau
iracks with high resolution (1 pm).

* Target: 150000 bricks with 10 millon
fims

Emulsion scanning Swiss contributions
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Develpment and reszalon o
 Data taking and B
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reduction

* 19505 noutrino interactons with 10
tauneutrinoevents
* 6.1 observation of tau neutrino

lation appearance.

* Most sensitive limits on v, v,
* Oscilation appearance

m ihe realzaion of the emuision | * Eecron econsincton and 1D
European

Scanning System based nemacs of nutino cvnts
on_automai opes  with 'Haﬂmnmmlmm studis
cf camera roadout ar

* . - vioscillation analysis

robotized handing of the emuision | . u'cacilation analysis

“Bem hosted the largest emuision
scanning station in Europe, with &
microscopes operating 2407d.

~25% of al events scanned in Bern
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Neutrino Oscillal

70 years of Swiss Science at CERN

In the 1960s it yas o observed that only about half ov the expected flux of neutrinos produced in the
~ the sola that the three neutrino
species oscillate o one o e v wit 2 wequency ‘which depends on their difference in mass
squared.
NOMAD (1995-1998) was an experiment searhing for Ve — v, oscillations at the CERN SPS
neutrino beam in a short base line experiment. Theoretical arguments suggested at that time that the.
tau-neutrinos have a mass of 1 eV/c? or hlgher and oscillating over short distances into muon-
neutrinos.
The experiment was Im‘.atsd in me CERN West Hall Itis composed of drift chambers (the target), a
transition calorim talled inside a magnet providing a field
010.4T T muan detoctors ar located cuside e magnel. Kinomatic oera wors used (0
distinguish muon from tau neutrinos. No evidence for oscillations was found.
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We know today that muon neutrinos oscillate to tau neutrinos with an oscillation length much larger
that the one available in NOMAD. NOMAD produced important resuits on dimuon production in
neutrino interactions, and the production of A\ hyperons. These results will not be superseded before
the advent of neutrino-factories.

Re-using equipment

The UA1 experiment at CERN was running
from 1979-1990 it discovered the W and Z
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the magnet was used in the NOMAD neutrino.

‘experiment from 1995 to 1998. In 2008 it pmhnw Gilsi i i

was shipped o the PEECEIIE
the drift chambers.
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Magnet
Construction of the magnet and
yoke was lead by ETHZ. Today,

magnet is part of the ALICE

The e mamber was
fesigne nstructed by
Emz hie UNIGE added s

UNIL and ETHZ contributed to
the ECAL made from BGO
crystals. In addition, UNIL worked
on the cooling system and

UNIGE on the calibration device.
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Fixed Target Programme @ SPS

“(SIPIS)

@

Hyperon and Drell-Yan Experiments
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SPS -

The 400 GeV proton beam of the SPS, was extracted and used to produce
secondary beams for fixed-target experiments located in the west (WA) and
north area (NA). Swiss groups were involved in several WA experiments
operating with charged hyperon beams between 1976 and 1982, as well as.
NA experiments operating with intense pion beams between 1980 and
1985. Starting in 1981, the SPS was also operated in proton-antiproton
collider mode for experiments in the Underground Area (UA), leading to the

7 km ci 1976

discovery of the W and Z bosons in 1983,

WA2, WA46
Leptonic decays of hyperons
Sludy of the Q- properties

taurice Bourquin (1941-)
Pt
Preson of GERN Counc (2001-2003)

WA42, WA62
Strong interactions of charged
hyperons, search for charmed

rang

it conatonof  chrmedsrngn b
prodiced n 8o i

] [ +]
NA16
Search for short-lived particles
produced on nuclei with a

NA10 - Drell-Yan
e Vi e
production of high-mass muon
palrs by R ‘pion beams.

Valentine Lous Toegd
(1922-2006)

Fixed Target Programme @ PS CERN

DIRAC & CLOUD SZA
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Proton Synchrotron (PS): 628 m circumference, 1959

The 25 GeV Proton Synchrotron was CERN's first synchrotron, accelerating protons first time on 24
November 1959, and was for a brief period the world's highest energy particle accelerator. Ever since,
the PS has accelerated protons, alpha particles, oxygen, sulphur and lead nuclei, electrons, positrons
and antiprotons. Today, the PS supplies protons and lead ions in the pre-injector chain for the LHC. The
PS also supplies protons to a target where antiprotons are generated for the Antiproton Decelerator. The
DIRAC and CLOUD experiments use proton beams from the PS and are situated in the CERN East Hall,
located adjacent to the PS.

DIRAC -
DIRAC
atoms consisting of a charged meson pair at the PS.
Dimesons, such as the 1T (A,,) and the TIK atom
(A..)— provide a unique tool for exploring low-energy
hadron-hadron interactions and understand the strong
force.

eson Relat ic Atom Complex CLOUD: Cosmic Rays 2009

cLol sible
e galactic cosmic .-ys e keloud-
The

Simulate atmospheric onization conditons from
ground level 1o the upper free troposphere. The 27 m

cloud chamber allows to precisely control experiments
= with a very low contamination background and close to

atmospheric conditions.

pairs wih small relative
tum

CLOUD has provided an unprecedented under-
standing of the molecular processes involved in atmo-
e e e
matically measured formation and growth rates over a
wide range of atmospheric conditions. It has identfied
key atmospheric vapors that contribute to particle
formation. The parametrization of the data is imple-
mented in models to improve the representation of
aerosols, clouds and climate predictions.

DIRAC observes dimesons and measures their
Ifetimes. These provide information on the scatering
lengths — the basic parameters in low-energy QCD, (o
be compared to resuls from Chiral Perturbation Theory
and latice QCD




Proton-Antiproton Collisions @ SppS -

UA2 & UAG6 Experiments Z
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Fixed Target Programme @ SPS (Heavy lons)

NA52 (NEWMASS) & WA98 Z
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Politics & Public

Early Days of CERN
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Early Detectors

CERN

From Bubble to Wire Chambers
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SppsS - the SPS converted in a proton-antiproton collider

In order to study strong and electroweak interactions for the first time in the energy domain around 100
GeV, the SPS was converted in a tricky way into a proton-antiproton collider in the 1980s. The injection
of stochastically cooled antiprotons into the SPS and their acceleration to 270 GeV opened up the
possibilty to study colision: energy of 540 GeV. The primary
experimental goal was to seamh for the massive intermediate vector bosons W and Z postulated 1967 in
the unified electroweak theor

UA2 experiment (1981-1990)
UA2 was buit around the beam pipe, ithad electro-

UAG experiment (1984-1990)
UAG was a fied target experiment nstalie at the SppS.

protons in opposite directions ata cms energy of 24.3

‘except for imited regions where the W decay asymmetry.
Sk GeV and an instantaneous luminosity of ~10cm=s-"

‘was maximal. There was no muon d

The experiment was instrumented with a two-arm
magnetic spectrometer equipped with multiwire propor-
tional chambers, an electromagneic calorimeter, and a
franston adiaon celedo,The Lausaone group bl
several MWPCs, contributed to the design ant
sm»dmnmmemmlsne(lstgex.ama\ is0 tested

e Fr ] 2dotproduction
sverse mor

et nmng the
24t configuration dominance

Cross-secton messuraments
of prompt photon and Jiy pro-
duction and determination of the
strong coupling constant a,

1983: Discovery of W', W' &Z
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Particle Physics in Space

AMS 01 & 02
Measuring Charged Cosmic Rays ANSJAHRE/ANNI CERNEY

CERN
\\

70 years of Swiss Science at CERN

Alpha Magnetic Spectrometer (AMS) for the International Space Station (ISS)

AMS is a complex he ISS to measure f charged

cosmic rays with unprecedented precision. AMS-01 was a prototype detector n the Space Shuttle mission

STS-91(1998). In 2011 the highly improved AMS-02 was installed on the IS and is successfully taking data

since. It s planned to take data as long as the ISS is operational.

ntains a ] ", surrounded by an

Simoot fight lanes

identiy charged partcles,

of scintllating paddies and a fing

The mlory of e sifcon deectrsforhe AVS01 and ANS 02 tackers 55 ETH,es [
by Universily of Geneva and ETHZ.
ETHE s conibutd e g receion suppr s or he ANS-01 ke, This was lr mosed

superconducting
e
e
necessary o switch back o the permanent magnet
 AMS-02 bled at CERN.
CERN also hosts the main operation center for AMS-02.
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WA98
Large Acceptance Photon and Hadron Spectrometer

1990ies: SPS: heavy ion fixed target program searching for
+ PbPb collisions

* Hotand dense state of matter

* Quark gluon plasma (QGP)

* Switzerland contributed to NAS2 and WA98

NAS52
Searches for Strangelets: bound states mvowmg strange quarks in the QGP

HE L

* 524 m long spec\mmelen solid angle acceptance 2.2 st
* @ HB beamiine in the Prevessin North Area
* Resuls: 10° Pb+Pb collisions
matter and antimatter (anti-helium-3) production
confirmation of the QGP
no evidence for Strangelets

w Hardware, trigger and readout electronics
3 D
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(100 ps resolution)
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High statistcs study of photons, neutral hadrons and
charged partcles, and their correlations

*Plastic Ball detector to measure multipliciies and
momenta of particies and heavier fragments

+Two spectrometers measure momenta

*Lead Glass spectrometer with 10,000 modules for high
precision data on 1 and n

*21 institutes.

GiiP. “(SPIS)

srnmset Zurich, 8 13 September 2024 S s soied

Future Accelerators — the energy frontier CERN

CLIC, HL-LHC, FCC
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Future Accelerators at CERN oV,
The Swiss accelerator community has been contributing to the Sk 4
development of CERN accelerators. Among these are the LHC comy

the HL-LHC upgrade and studies for the Compact Linear Collider 1cuc;

and the Future Circular Colider (FCC) /

FCC studies a 100 km tunnel to host future circular coliders with the

ultmate goal of reaching 100 TeV center-of-mass proton-proton collisions, e
and, as possible intermediate step, a high luminosity Z, W, H, top *factory” L o

e'e collider at energies between 90 and 365 GeV.

CLIC HL-LHC Fcc

CLIC stuc The Laboratory UNIGE.
Physics at EPFLin colaboration with kil boars € FCCe)

“EPFL
of the LHC. The team of EPFL has. ‘“‘"'?:;' eflacts for FCC-ee and

~UzH is developing tacingdetoctors
_— and igorthms for the FCC-co.
Longrange” S5 ¢ +PS1and EPFLworkon the njecor
S e o smichoui 1A
{amperatrs suparsonducin

beam-beam effects

e

+Colimation studies.

High resaolution Bgnostics for beam
positon monitoring.

~Opics studies t reduce vertical
beam emitiance to 1 picometer n the
Gamping rings.
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In the 1950 and 1960, experimental particle physics made the transition to compact transistorised
electronics for detector readout, allowing the speed and number of channels to increase.

Today, an LHC experiment acquires inform:

ation from millons of channels

Is every 25 ns and billions of

events are recorded instead of O(100k) events for a typical bubble chamber experiment.

Bubble Chambers

give a beautful representation of particles, they were invented by
D.A. Glaser in 1952 (Nobel prize 1960): a charged partice leaves

“The images are projected on tables and “digitized” by visual
inspection and semi-automatically recorded on data cards or

(paper) tape.

fims,
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Multi Wire Proportional Chambers (MWPCs)
In 1968 G. Charpak (Nobel 1992) presented a new detector
concept: the charged particle (T) ionizes the gas in the region
between cathode pianes (P). The signal is collected on

w

“The signals can then be digitized and stored.
n general two MWPC with orthogonal views are used to provide.

the (X.Y) position

i in Lausanne in 1969 i
butonly the 4 central wires are read out on this prototype.

( ™
isospin structure of electromagnetic current, the T symmetry in
o

strong interactions

024
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Specialized Experiments

70 years of Swiss Science at CERN

ricles - particularly long-

potential of CERN's accelerator complex and infrastructure. While FASER
and SND@LHC are located at the LHC, NAG4 and NA62 use the beams of

There With interestin
for eV antiorsions from 2 produc . lived and dark matter pamdes - and the pmpemes of neutri
ch specialized experiments have been proposed to expand the scientific
ATHENA (2002-2005) AEgIS (since 2012) GBAR
Antinydrogen production ‘Graviy, nterforomatry, Spectroscopy

Gravitaionsl Behaviour of Antibydrogen
atRost

(GBAR experiment at ELENA s aiming

SPS.
Swiss institutes contribute significantly to the detector's design and
construction, readout, trigger, data acquisition and data analyses.
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‘opening
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raps per mixing, the basa for present high | fight measurement.

atoms. This measurement s sansitve o

e anio:

SR
) Universitit \"y
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anifprolon coolig rap which s now in the
‘commissioning phase.

s
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produce a variety of partcles,
including charm mesons and photons.
When these particies decay or interact

Rt o o
study the properties of neutrinos.
created in a collider. These neutrinos
are the highest roduced by
an artfcial source. In 2023 the two.
experimens observed the first
neutrinos produced at collders.

they can create the
hidden

er
searching for. The experiment was.
‘approved 2024, construction is
scheduled o start in 2027.
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