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1. What is a topological soliton? 4. The near-BPS Skyrme model

» A soliton, or solitary-wave, is a stable and well-localized collective excitation of a » In order to introduce the near-BPS theory, it is necessary to start form the pure
medium. Mathematically, it represents the solution of a non-linear system of BPS model. The so-called BPS Skyrme model has Lagrangian [3]
equations. A topological soliton is a specific kind of soliton, characterized by a Laps = G [Tr(ewpg UTQVUUTOPUUT&, U)]2 — oV(U, UT) ,

conserved topological charge @, arising from the geometrical properties of the |
where cg and c¢g are constants and again U € SU(2).

The energy of the BPS Skyrmion is proportional to the topological charge (and
thus to the baryon number). Physically, a nucleus built with this model possesses

Figure: Example of topological soliton trapped in a zero binding-energy.

system of pendulums coupled by torsional springs. A small deformation of the pure BPS model should reproduce a nuclear system
The topological charge represents in this case the with small binding-energy. The so-called near-BPS model consists of
number of twists made by the pendulums’ series.

y P Lnear—Bps = Lpps + € Epert e L1 :

where € is a small dimensionless parameter and L, is the perturbation.

Solitons can be found in a large variety of contexts, such as optics, fluidodynamics, In 3 + 1 Minkowski space-time, the full-numerical resolution of the system in the

superconductors, superfluids and Quantum Field Theory. limit of very small € becomes highly non-trivial. To avoid that obstacle, we
developed a perturbative method that we firstly tested on a 2+1-dimensional toy

model (see next) [4][5].
2. Baryons as topological solitons: the Skyrmions

» An important example of topological solitons in QFT is given by the Skyrmions. 5. The near-BPS baby Skyrmions and perturbative method

These solitons, defined in 3 + 1 Minkowski space-time, are classical solutions of

the low-energy QCD Lagrangian for the pion field, the so-called Skyrme model [1]: » The near-BPS model can be more easily solved in the 2+1-dimensional version of

; ; ; ) the Skyrme theory, the_’so-called baby Sermimodel. The baby-Skyrme field
L skyrme = €2 It (B“U(?“U ) tcalr ([U 0.U, U'9, U] ) ; consists of a 3-vector ¢ with constraint ¢ - ¢ = 1.

where ¢ and ¢4 are constants and U € SU(2). In this case, the field gg(x) is @ map between two spheres
In the static case, the field U(x) is a map between two iper-spheres: $(x) : R? ~ §% = 52,
U(x): R*~ S> = SU(2) ~ S3. The topological charge Q counts the number of windings between the spheres.

The topological charge Q counts here the number of times the second iper-sphere he existence of a BPS sector even in the baby Skyrme theory, allows us to build a

is wrapped by the first one. near-BPS model in the same way of the previous block [4][5]. To solve the system,

Remarkably, in [2] the conserved topological charge Q was identified with the I . .
conserved baryon number B, and thus the Baryons can be described by Skyrmions ¢(x) = dBps(x) + dp(x, €)

in a pion field-theory. In this context, therefore, a Baryon appears as a "vortex” in and calculate the near-BPS energy at different orders in €.

the pion field U(x): The accuracy of the perturbative method was checked by comparing the results
- with the full-numerical analysis.

Figure: Example of baby-baryon density for the (toy-model) deuteron for € = 0.02.

» The analysis performed in 2+1 dimensions for the near-BPS model confirmed the

Obviously, the skyrmionic solution needs a semi-classical quantization procedure to presence of a small binding-energy tunable with € and the validity of the
really describe a quantum state, such as the proton or the neutron. This procedure perturbative method proposed.

is meaningful only in the Large-N limit of QCD, in which the Baryons become
semi-classical objects.

6. The near-BPS Skyrmions and perturbative method

3. The binding-energy problem of the Skyrme model » Once tested the perturbative method on the baby Skyrme model, we applied it to
the 3D near-BPS Skyrme theory [6]. The model was chosen to be
» The solitonic description of the Baryons represents an important example of L rear—8ps = L£8ps + € Lskyrme e L1,
analytic non-perturbative approach to QCD. The Skyrme model is able to predict
several physical quantities, such as the nucleon and A-baryon masses, the proton
and neutron radii and magnetic moments (adding QED), within an accuracy of the
30% with respect to the experimental values. U(x) = Ugps(x) + dU(x,¢€),

In the case of topological charge Q@ > 1, and thus baryon number B = Q > 1, and we approximated the energy order by order in €.
the Skyrmions are conjectured to describe nuclei. For the specific model considered, the binding-energy turned out to be of order €.
Thus, after the proper calibration, that quantity finally results to be of order ~ 1

Mev (at least for the deuteron).
O @ A quantization of such classical solitonic solutions is needed in order to finally

compare our results with nuclear physics.

with the original Skyrme model as perturbation.
To implement the perturbative scheme, we expanded the field U(x) € SU(2) as

1: 0O(3) 2:012) 3: T, 4: Oy,
The paper with the 3D near-BPS Skyrme analysis is still on working [6].
Figure: Baryon density for Skyrmions with B = 1, 2, 3,4 and the corresponding

symmetry of the solution.
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we implemented a perturbative expansion of the field around a BPS background as
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