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Nuclear Physics in Atomki in the 21st Century

of Himgary, the beld now o
a rathar different molke: two of tham
bowss the phoysic: depertments of the
University of Dwhrecen, whils the
thind one is whee Aseki the Bed-
s for Mucloar Boscarch of the Him-
garian Acadersy of Sciances (MTA)
wm fumded i 1954, and whars i
offices and some of i boratorics
am sl ocaed Ammos passzng by
is raminded of thess timss by the 500
EV cascade generstar, which peace-
fully et in the pamdem afier haing
decoramissionsd in 1952 But i i not
tha cnly remrimder thorw of the historic
times.

A plaque indicating that in 2013
this tredlding was declared an Historic
Sitn, the £t mch momoril in Him-
zary, by the European Pnvcal Soc-
by I5 anothar wign of the boroic times
of Atopski [1] {see aleo Fipze 1). The
phne commemonie: the Diebmecan
DRI i camied out by A

Smalay and his PhD. student, T Cui-
kai, im 1956, a mevohrtiomry year in
Hangary oot ooly from the sciantific
poi of view: The sxperiment msed a
chond chamhber to detect the bata decay
of T, I wiich e tracks of the clec-
trom and of the recoded #13 mclens
clearty damoevirass that tham ost be
a thind, seetmal, partichs, imvisibls to
the cloud chambar, camrying awany mo-
mantums and snergy. This obearation
ronfirmed the exismoos of the (amt)
martrine, which, according o the FPS
plas, “Taid 2 brick to the foumdstion
of modam phryxics ™

Aleosder Smlry, the Sther of
mcler ressarch n Baxgary, was also
the foending @mcior of Awomki i
commitmont o mckar phnymics, and
sspecially to mclear xpanmants
dates back to 15936, whom ho spemt
six momhs with Nobal-lamears Er-
nest Bxdoriond ot Cavendish Labom-
tory in Capshoidgs, UK. Laser ha also
had a picmearing mis in prospecting
the tmaniten meeoumcse o Southorm
Hmgary. He was the parfect pamon
1o b selerind as director of a newdy
In the past sixty years Atonski gadn-
ally desloped nbe am st with a
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muclear physics o abomic, particls,
amd envirmenizl plrysics.

The Delrecen namiting aEpermant
is symbolic of the past, prewant, and
mast protably firwre acthvity of Ar-
omki: seftmg out s cleardy defmod tr-
get and wsing the methods of mckar
ploysics to obtxin results in a metice-
lous procedue amm all chamacistc
Seartmmes of the “Smilay school,” a6 ane
applving the medednlngy of mclkar
ployics i othar branches of physics.

Alsborztory portrait of Atremic was
almady presemted &I Muckar Fieics
Mews in 1999 [1], so the pressat ar-
ticle deals sxchuively with actvities
about M0 eployess, half of whom
amn masarchars. As a indication of

amd o on. Tha activity of the institete.
ts disidleated amomg wwven mam fop-
ics (2 mogic mosher in Himgron
folldore 2nd nrythology), bet the of
ot of moclear phnyics is still

iz the majecity of them (Figum I). The

Figmre 1. e £FS Hineowic Sn plogisr commomorating s mesving experimcer ar A Arombr iv [934
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Leitmotif of my present talk:

The atomic nucleus isfamto-laboratory including probably all of

the interactions in Nature. A real discovery machine like LHC, |
at low energy.

In an age of giant accelerators, of complex experiments and of
mystifying theories it Is a pleasure to report on some simple

experiments, made with simple equipment and having a simple
Interpretation

RobertHofstadter(Nobel, 1961)




Energy budget of Universe

O Stars and galaxies are only ~0.5%

O Neutrinos are ~0.3 810%

O Rest of ordinary matter (electrons and protons) are ~5%
O Dark Matter ~30% e stars, (g POUINOS  k matter
O Dark Energy ~65%

O Anti -Matter 0%

A It in not short-lived: t > 10 1° years
A not baryonic: W ;= 0.04 N0.004
Anothot: o0slowé6 DM is required t




DARK MATTER: WHAT WE DONOT

What is its mass?

What is its spin?

What are its other quantum numbers and interactions?
Is it absolutely stable?

What is the origin of the dark matter particle?

O
O
O
O
O
O Is dark matter composed of one particle species or many?
O How was it produced?

O When was it produced?

O Why does W, have the observed value?

O What was its role in structure formation?

O

How is dark matter distributed now?

20 June 06



Dark Matter Candidates

O Given the few constraints, it is not surprising that there
are many candidates: axions, thermal gravitinos ,
neutralinos , Kaluza-Klein particles, wimpzillas, self-
Interacting particles, self -annihilating particles, fuzzy
dark matter, superWIMPs, é

O Masses and interaction strengths span many, orders of
magnitude

O But independent of cosmology, new particles are
required to understand the weak scale. What
happens when we add these to the universe?

20 June 06



Searching for weakly interacting
assive particles (WIMP)

Scientists' biggest search for dark matter to date just turned up
nothing

Pa

O They were the currently considered most viable candidate for
dark matter

O Searching for light dark matter (1 MeV/ic 281 GeV/c 2) A
Something like a dark photon is very well theoretically
motivated

O Kinetic mixing from the vector portal: if there is an additional
U(1) symmetry in nature, there will be mixing between the
photon and the new gauge boson ( Holdom , Phys. Lett B166,

1986)




Dark Photon

Dark Photon
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Feynman graphs depicting interactions via a hypothetical Dark Phéion

Up: Kinetic mixing model,;

Down: Interaction between the Standard Model sector and the Dark Sector via a Dark Photon. T
loop denotesa pair of charged leptons, which couple both to the Standard Model photon as well
the Dark Photon.



Dark photons and the g -2 anomaly

/ Branching ratio

If the g-2 anomaly is
due to a heavy photon
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