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Na samom početku CERN-a

• Bivša država jedna je od zemalja
osnivača CERN-a

• Predstavnik u vijeću CERN-a: 
Ivan Supek

• Jugoslavija izlazi iz CERN-a 1961

2

I.Supek



U ranim godinama: prvi CERN-ov akcelerator
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Popis dobavljača



Končarevi magneti na CERN-u

• Od 1960. do 1964. Končar isporučuje
CERN-u 96 magneta ukupne težine 352 
tone

• Prve magnetske leće te vrste u Europi

• Narudžbe i suradnja nažalost prestaju
nakon izlaska Jugoslavije
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Prve suradnje u eksperimentima: NA35

• Prva hrvatska grupa u CERN-
ovim eksperimentima:
– 1985 grupa s IRB-a u NA35 

eksperimentu D. Vranić, K. Kadija, 
G. Paić, D. Ferenc

– RD26 Project: RICH Detector
Development

• Gradi na bogatom iskustvu rada iz 
subatomske fizike na domaćem 
ciklotronu

• Postavlja temelj za sljedeće 
suradnje: NA44, NA49, …
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1990-2000 Suradnja raste

• 1989: ugovor o suradnji CERN-IRB
• 1991: ugovor o suradnji RH-CERN
• Broj ljudi i grupa sporo, ali

kontinuirano raste:
– grupe iz Splita i IRB-a počinju raditi

na CMS i ALICE eksperimentima
za budući LHC.

– Neutrinski eksperimenti: NOMAD, 
OPERA

– Potraga za aksionima: CAST
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Hrvatska na
CERN-u
danas
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Hrvatska na CERN-u u 21. stoljeću:
projekti u kojima sudjelujemo
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Na kojim temama rade hrvatski fizičari na CERN-u
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Higgsov bozon

Neutrinske
oscilacije

Potraga za 
sunčevim
aksionima

Kvarkovsko
-gluonska
plazma

Potraga za 
fizikom van 
Standardnog
modela

Struktura & 
dinamika teških
jezgara

Hadronske
interakcije

Itd. itd.



Uloga hrvatskih znanstvenika u rezultatima CERN-a: 
Aksioni

Među glavnim autorima
naša draga kolegica

Biljana Lakić (1971-2020)
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New CAST limit on the axion–photon interaction
CAST Collaboration†

Hypothetical low-mass particles, such as axions, provide a compelling explanation for the dark matter in the universe. Such
particles are expected to emerge abundantly from the hot interior of stars. To test this prediction, the CERN Axion Solar
Telescope (CAST) uses a 9T refurbished Large Hadron Collider test magnet directed towards the Sun. In the strong magnetic
field, solar axions can be converted to X-ray photons which can be recorded by X-ray detectors. In the 2013–2015 run, thanks
to low-background detectors and a new X-ray telescope, the signal-to-noise ratio was increased by about a factor of three.
Here, we report the best limit on the axion–photon coupling strength (0.66× 10−10 GeV−1 at 95% confidence level) set by
CAST, which now reaches similar levels to the most restrictive astrophysical bounds.

Advancing the low-energy frontier is a key endeavour in the
worldwide quest for particle physics beyond the standard
model and in the effort to identify dark matter1,2. Nearly

massless pseudoscalar bosons, often generically called axions, are
particularly promising because they appear in many extensions
of the standard model. They can be dark matter in the form of
classical field oscillations that were excited in the early universe,
notably by the re-alignment mechanism3. One particularly well
motivated case is the quantum chromodynamics (QCD) axion,
the eponym for all such particles. The existence of this new low-
mass boson follows from the Peccei–Quinn mechanism as an
explanation why QCD is perfectly time-reversal invariant within
current experimental precision3.

Axions were often termed ‘invisible’ because of their extremely
feeble interactions, yet they are the target of a fast-growing interna-
tional landscape of experiments. Numerous existing and foreseen
projects assume that axions are the galactic dark matter and use
a variety of techniques that are sensitive to different interaction
channels and optimal in differentmass ranges4. Independently of the
dark-matter assumption, one can search for new forces mediated by
these low-mass bosons5 or the back-reaction on spinning black holes
(superradiance)6. Stellar energy-loss arguments provide restrictive
limits that can guide experimental efforts, and in some cases may
even suggest new loss channels3,7,8.

The least model-dependent search strategies use the production
and detection of axions and similar particles by their generic two-
photon coupling. It is given by the vertexLaγ =−(1/4)gaγFµν F̃µνa=
gaγE · B a, where a is the axion field, F the electromagnetic
field-strength tensor, and gaγ a coupling constant of dimension
(energy)−1. Notice that we use natural units with != c = kB = 1.
This vertex enables the decay a→γ γ , the Primakoff production in
stars—that is, the γ →a scattering in the Coulomb fields of charged
particles in the stellar plasma—and the coherent conversion a↔γ
in laboratory or astrophysical B-fields9,10.

The helioscope concept, in particular, uses a dipole magnet
directed at the Sun to convert axions to X-rays (see Fig. 1 for a
sketch). Solar axions emerge frommany thermal processes, depend-
ing on their model-dependent interaction channels. We specifically
consider axion production by Primakoff scattering of thermal pho-
tons deep in the Sun, a process that depends on the same coupling
constant, gaγ , which is also used for detection.

Since 2003, the CERN Axion Solar Telescope (CAST) has exp-
lored the ma–gaγ parameter space with this approach (more details
to be given below). The black solid line in Fig. 2 is the envelope of all

previousCAST results. The low-mass partma!0.02eV corresponds
to the first phase 2003–2004 using evacuated magnet bores11,12. The
a → γ conversion probability in a homogeneous B field over a
distance L is

Pa→γ =
(
gaγB

sin(qL/2)
q

)2

(1)

where q = m2
a/2E is the a–γ momentum transfer in vacuum.

For L=9.26m and energies of a few keV, coherence is lost for
ma"0.02eV, explaining the loss of sensitivity for largerma.

Later, CAST has explored this higher-mass range by filling the
conversion pipes with 4He (refs 13,14) and 3He (refs 15,16) at vari-
able pressure settings to provide photons with a refractive mass, and
in this way match the a and γ momenta. The sensitivity is smaller
because, at each pressure setting, data were typically taken for a few
hours only. Despite this limitation, CAST has reached realistic QCD
axion models and has superseded previous solar axion searches
using the helioscope17 and Bragg scattering technique18,19. (For a
more complete list of previous solar axion constraints see ref. 1.) The
CAST data were also interpreted in terms of other assumed axion
production channels in the Sun20–22. Moreover, CAST constraints on
other low-mass bosons include chameleons23 and hidden photons24.

During this long experimental programme, CAST has used a
variety of detection systems at both magnet ends, including a mul-
tiwire time projection chamber25, several Micromegas detectors26,
a low-noise charged coupled device attached to a spare X-ray tele-
scope (XRT) from the ABRIXAS X-ray mission27, a γ -ray calorime-
ter21, and a silicon drift detector23.

In the latest data-taking campaign (2013–2015), CAST has
returned to evacuated pipes, with an improvement in the sen-
sitivity to solar axions of about a factor of three in signal-to-
noise ratio over a decade ago, thanks to the development of novel
detection systems—notably new Micromegas detectors with lower
background levels, as well as a new XRT built specifically for axion
searches. These developments are also part of the activities to define
the detection technologies suitable for the proposed much larger
next-generation axion helioscope IAXO28.We here report the results
of this effort in CAST.

Experiment and data taking
CAST has utilized an LHC prototype dipole magnet29 (magnetic
field B∼ 9 T, length L= 9.26m) with two parallel straight pipes
(cross-sectional area S=2×14.5 cm2). The magnet is mounted on

†A full list of authors and a!liations appears at the end of the paper.
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CAST detektor



Hrvatska u otkriću Higgsovog bozona
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Dan kad smo otvorili
”kutiju” i saznali da vidimo novu česticu

Ivica Puljak CMS detektor



Razvoj i testiranje detektora
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Razvoj i testiranje detektora
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DRD3

12/3/24 2nd DRD3 – Week on Solid State Detectors R&D 9/14

Study of Diamond detectors at cryogenic temperatures

Using the 300 um thick detector, measurements were carried out in neutron and gamma ray fields.

300 um

Drastic degradation of detectors 
signal on neutrons below 120 K !

Room temperature pulse 
height spectra

DRD3

12/3/24 2nd DRD3 – Week on Solid State Detectors R&D 9/14

Study of Diamond detectors at cryogenic temperatures

Using the 300 um thick detector, measurements were carried out in neutron and gamma ray fields.

300 um

Drastic degradation of detectors 
signal on neutrons below 120 K !

Room temperature pulse 
height spectra

Predstavljeno
ovaj tjedan na DRD3
sastanku na CERN-u



Razvoj i testiranje detektora
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Prvi ikad snimljeni proboj u GEM detektoru



Teorijska fizika

• Aktivna zajednica iz teorijske fizike u 
fizici čestica i srodnim područjima: QCD, 
fizika okusa, teorija polja, kozmologija i
teorija gravitacije, …

Zajednica teorijske fizike je uvijek
podržavala jačanje suradnje s CERN-om

Zagreb, Split, Rijeka

• Velika vijest: otvaranje Chair pozicije iz
teorijske fizike za Gorana Senjanovića
na Sveučilištu u Splitu
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G. Senjanović



LCG – LHC Computing Grid

16



Promocija i popularizacija znanosti
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• Brojne aktivnosti popularizacije za 
sve uzraste

• International Masterclasses: oko
400 učenika godišnje

Demonstrating cosmic rays
At RBI Open Days

Masterclasses in Dubrovnik



CERN Teachers Program

• 3 dana na CERN-u: predavanja, posjete, 
radionice

• Preko 200 profesora fizike je sudjelovalo u 
programu od 2015. do danas
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Teachers Program: izgradi svoj detektor
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… tragovi a,b,g čestica
su se pojavljivali i nestajali 
pred našim očima u komori 
koju smo MI izgradili



ULAZAK U PRIDUŽENO ČLANSTVO
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Zagreb, 28.2.2019 CERN, 10.10.2019

2019: Hrvatska postaje pridružena članica!



Hrvatske obaveze

Godišnji doprinos CERN-ovom proračunu za 
pridružene članice:

≥ 10% predviđenog iznosa za punu članarinu, ali ne 
manje od 1 MCHF

Hrvatski doprinos kao pridružene članice:
1 MCHF godišnje

Doprinos RH za puno članarinu 2019 bi bio 3’356’300 CHF
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Mogućnosti pridruženog članstva

• Pristup mogućnostima zapošljavanja, usavršavanja i obrazovanja 
(izuzetak stalnih radnih mjesta)

• Pristup suradnji s CERN-om za hrvatsko gospodarstvo

• Predstavnici u CERN-ovom vijeću (bez prava glasanja)
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Employment opportunities at CERN
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• Staff
• Fellow / Graduate program
• Technical students
• Doctoral students
• Admin. Students
• Visiting scientists
• Trainees
• etc. etc.



Hrvati koriste mogućnosti zapošljavanja na CERN-u! 
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Što rade Hrvati zaposleni na CERN-u

• Akceleratori: pogon, kontrola, razvoj
• Razvoj novih detektora
• Pogon i razvoj alata za velike

računalne klastere
• Kvantno računanje i strojno učenje
• Itd. Itd. … Samo mali broj fiziku čestica

U fokusu je tehnologija koja čini
istraživanja mogućim

U tim aktivnostima prije članstva nismo
mogli sudjelovati
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Mogućnosti za hrvatsko gospodarstvo

• Ukupna godišnja vrijednost
ugovora s gospodarstvom na
CERN-u  ~ 300 MCHF

• Jako široki spektar traženih
usluga: građevina, strojarstvo, 
održavanje, elektronika, IT, …

• Hrvatske tvrtke se od 2019. 
mogu javiti na natječaje CERN-
a
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Kako je hrvatsko gospodarstvo iskoristilo mogućnosti
2019-2023
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Expenditure by (Activity|Procurement) Code (kCHF) for CroatiaYear Procurement 
(kCHF)

2019 9

2020 148

2021 182

2022 225

2023 312

2024* 310

* Provisional figure based on commitments



Što rade hrvatske tvrtke na CERN-u
• Izrada dijelova za detektore
• Ozračivanje uzoraka za 

proučavanje otpornosti na
zračenje

• Oprema za radionice
• Izrada prototipa za silicijske

senzore
• Održavanje cijevi (hlađenje, 

ventilacija)
• Itd. Itd.

Neke od tih suradnja su krenule
od znanstvenih istraživanja
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Ukupna vrijednost povrata hrvatske članarine (u kCHF)
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• Za pridružene 
članice povrat ne 
smije biti veći od 
članarine

• Od 2022. 
Hrvatska u 
potpunosti 
iskorištava puni 
potencijal 
pridruženog 
članstva!

Hrvatska članarina: 1 MCHF



Zaključak

• Hrvatski fizičari su već nekoliko desetljeća uspješno uključeni u istraživanja
na CERN-u

• Sa članstvom se otvorila mogućnost širem društvu za iskorištavanje svih
mogućnosti koje CERN nudi

• U prvih 5 godina je Hrvatska u potpunosti uspjela iskoristiti mogućnosti
usprkos COVID-u i puno drugih izazova

VRIJEME ZA SLJEDEĆI KORAK
U PUNOPRAVNO ČLANSTVO!
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HVALA NA PAŽNJI

Hrvatska u vijeću CERN-a


