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Today’s trivia question

Back in January 2013, the mass
spectrometer ISOLTRAP at ISOLDE made

lons travel how many kilometres during a

test?
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Figure 1 | Nudlear shapes. Nuclei can lake several shapes, including a sphere (a), an oblate spheroid (b) and a prolate spheroid (c). Gaffney et al." have observed

the more exotic pear shape (d).
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REXEBIS

REX-ISOLDE
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gas filled cylindrical Penning trap
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Miniball — the experimental workhorse

« High efficiency, low multiplicity spectrometer
« Coulomb excitation and transfer experiments
e 300 keV/u — 3 MeV/u beam energy

o 24 HPGe detectors, 6-fold segmented
with Si barrel for Doppler correction

. CD — detector

Double sided Si
Minibal =
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strip detector
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MINIBALL cluster
68.mCy, 70-8Cu

E=2.86 MeV/u

120511

(2.3 mg/cm?



Miniball — the experimental workhorse

High efficiency, low multiplicity spectrometer' E
Coulomb excitation and transfer experiment
300 keV/u — 3 MeV/u beam energy

24 HPGe detectors, 6-fold segmented
with Si barrel for Doppler correction
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85: Astatine 2,8,18,
32,18,7
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284 isotopes with T, > 10° year
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~6000 Isotopes (unigue combinations of protons
and neutrons) are thought to be possible!
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Atomic structure of

« Most abundant isotope 2%8At, (t;,,= 1.5 s) astatine

* |.Asimov: 15 mile of earth’s crust : 70mg (~3.5 atoms/ kg)

« Artificial production:299Bi(a,2n)?10At, Corson et al. (1940)

« First optical spectroscopy of 210At, 70 ng sample, (2x1014 atoms), McLaughlin
(1964)

L 2" L /1 r~\ 1 1 S b Al | 1° o N o o 11

766006m'1\ Theoretial predictions of IP(At)
_ IP Finkelnburg 1950 9.54+0.2 eV
74200 cm1<—] Varshni 1953 10.4 eV
\\Finkelnburg 1955 9.24+0.4 eV
Kiser 1960 9.5 eV
Dong 2010 9.35 eV ( 75412 em ™)

Prior to this work:

This is all that was known about

the atomic structure of astatine! Energy Levels of neutral Astatine (from NIST)
Configuration Term J Level (cm'l) Ref.
6p° 2pe 3/2 0.0 M64a
46234 cmt!
6p? (°P) 7s 4p 5/2 44549.3 2 | Mé64a
44549 cmt 3/2 | 46233.6 2 | M64a

at 11 (°p,) Limit

224 nm
216 nm

S [M64a] R. McLaughlin, J. Opt. Soc. Am. 54, 965




Astatine beams

Step 1.
lonization scheme development

7800em 3 study of the atomic structure

IP

7a200cmt  Step 2:
Measure the ionization potential

Step 3:

Use the best scheme for nuclear
structure studies by atomic
spectroscopy

Step 4.

The use of RILIS ionized At beams
for other experiments at ISOLDE
Decay studies/Mass
measurements
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Astatine beams

Wmma IP = 75150 cm-1

Egdewave

Nd:YAG

IP 75151 cm!
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Astatine ionization potential

Spectroscopy of Rydberg levels by performing a high resolution laser scan across the
K30 Rydberg levels found: Precise I.P obtained from Rydberg-Ritz fit to the data.
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Sebastian Rothe
watching the astatine

data appear!



Today’s trivia answer

Q. Back in January 2013, the mass spectrometer
ISOLTRAP at ISOLDE made ions travel how many
kilometres during a test?

A. 34 kilometres

http://home.web.cern.ch/cern-

people/updates/2013/01/new-ion-trap-extends-reach-
nuclide-mass-experiment
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« Impact majeur pour une toute pefite mesure Wixing it up » « Mixing it up Le mystére plane toujours sur le boson de Higas »
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Huge impact from a tiny decay The mystery remains on the Higgs boson

The Hadron Collider Physics Symposium opened on November 12 in Kyoto on a grand note. For the first Ever since the discovery of what might be the Hioas boson last July, physicists from the CIAS and ATLAS

time, the LHCD collaboration operating atthe Large Hadron Collider (LHC) at CERMN showed evidence for experiments have been trying to pinpoint its true identity. I this the Higgs boson expected by the Sta

an extremely rare type of events, namely the decay of a B, meson into a pair of muons (a particle very Wodel of particle physics or some “Higgs-like boson” befiting a different theoretical model?

similar to the electron but 200 times heavier). A meson is a composite class of paricles formed from a
quark and an antiquark. The F_!s meson is made of a bottom quark b and a strange quark s This particle is To tell the difference, we must check all its properties, like how often this boson decays into different types

very unstable and decays in about a picosecond (a millionth of a millionth of a second) into lighter of particles, and determine its spin and parity, two properties of fundamental particles.

particles.
Since the new boson has a short lifetime, it breaks apart immediately after being created. There are five

ways a Standard Model Higgs boson should decay that we can study atthe Large Hadron Collider (LHC):
breaking into two photons, two W or two Z bosons, two b quarks or two tau leptons in well defined
proportions. We must check both the presence of and the rate at which each decay mode occurs

Decays into two muons are predicted by the theory, the Standard Model of particle physics, that states it

should occur only about 3 times in a billionth of decays. In scientific notation, we write (3.54:0.30}3(10'9

where the value of 0.30 represents the error margin on this theoretical calculation. Now, the LHCb

+1.5 -3
4 2X107, avalue very dose to Last summer, just after the discovery of the new boson, both experiments reported unambiguous

the theoretically predicted value, at least within the experimental error. observations in only three channels. Unfortunately, the data sample was still too small to really be able to
check ifthe new boson could decay into a pair of b quarks or tau leptons

collaboration proudly announced that they observed it at a rate of (3.2

T T r T T T r g & : With more data available, the two experiments have just shown results for all channels today at a
nference held in Kyoto as shown on the two figures below.
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Next week’s Hangout with CERN

Thursday 30 May, same time 17:00 CEST
All eyes on ISOLDE




Participants

Mark Huyse, KU Leuven
Liam Gaffney, KU Leuven

Thomas Cocolios, University of Manchester
Fredrik Wenander, CERN

Valentine Fedosseev, CERN

Bruce Marsh, CERN




Credits

Steven Goldfarb — Host
Achintya Rao — Q&A from Social Media

Kate Kahle and Achintya Rao — Production

Thank you for watching!
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