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> Qutline

* researching clusters of few particles

* dimers AZ

* trimers

* tetramers Az Bz

* halo state °
* energy-size scaling
* universalities

e structural properties



> Intro: Halo states

e guantum halo states — quantum effects very significant
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> Intro: Halo states

* first were noticed in nuclear physics - dimer




> Intro: Halo states

e characteristics: weakly bound & wide systems
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> Intro: Dimers

? is there unique relationship between physical properties of
halo dimers 10 %

Phys. Scr. 2013, 014001

* dimers - 16 orders of magnit. |
L (2013) [Riisager]

* scaled quantities (R?)
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> Intro: Trimers

* trimer properties were scaled:

° XE — meg/hz Phys. Scr. 2013, 014001 (2013) [Riisager]
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> Intro: Trimers

 larger number of atomic quantum clusters is missing

. Phys. Scr. 2013, 014001 (2013) [Rii
? are different-type 3mer ve (2013) [Rilsager]
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> Intro: Trimers

 larger number of atomic quantum clusters is missing
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> Intro: Trimers

 larger number of atomic quantum clusters is missing
Phys. Scr. 2013, 014001 (2013) [Riisager]
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> Intro: Trimers

 larger number of atomic quantum clusters is missing

. Phys. Scr. 2013, 014001 (2013) [Rii
? are different-type 3mer ve (2013) [Rilsager]
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> Intro: Trimers

* larger number of atomic quantum clusters is missing

. Phys. Scr. 2013, 014001 (2013) [Rii
? are different-type 3mer ve (2013) [Rilsager]
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> METHOD: Scaling

e e.g. 2 definitions of R for scaling: (r?)/R* ; uBR*/h*
* classical turning point

R =Ry R =Ry = Re
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> Dimer scaling X

[a] Rev. Mod. Phys. 76, 215 (2004) [Jensen et al.]

[a] Phys. Scr. 2013, 014001 (2013) [Riisager]
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> Structure - DMC - pure estimators

e different distribution functions
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> Structure - experiments

_—

Maksim Kunitski et al., Science 348, 551 (2015)



> Structure - experiments
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> Structure - DMC(V) vs experiment

[a] J. Voigtsberger et al., Nature
Comm. 5, 5765 (2014)

[b] Maksim Kunitski et al.,
Science 348, 551 (2015)
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> Structure - DMC(V) Vs experiment

[a] J. Voigtsberger et al., Nature DMC(HFDB'ZCC@
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> Structure - DMC(V) vs experiment

[a] J. Voigtsberger et al., Nature
Comm. 5, 5765 (2014)
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¢ Summary

* Different scaling lengths were tested.

 Dimer, Borromean-trimer, all-bound trimer and HeHe-tango-
trimer universal lines of scaled size-energy ratio were found.

* Clusters close to each other on universal line have similar
structural properties.

* TTY+Ret potential trimer-distribution-predictions are in the
best agreement with the experimental He-trimer data.

* For tetramers indication of different lines that depend on
the number of bound subsystems of dimers was noticed.
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