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Hamiltonian: The Froblem
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Single electron trapped in a quantum dot.

- Relaxation and decoherence are
dominated by hyperfine coupling with the
nuclear spins. ”
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B | [ he Probl
Non-equilibrium dynamics: < T

Initial condition: |ve) = |4 L0 L0 LT )+ I L L LT )

Unitary time evolution (projected on the true
eigenbasis):
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Coherence factor: Overlaps
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Form factors



Algebraic B A

* Algebraic Bethe Ansatz gives us EXACT
eigenstates at any B (non-perturbative)
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Algebraic B A

For unpolarized N=36 nuclear spins:
DimH=17672631900 vs M =18

Find solutions to a small system
of M (< N) non-linear algebraic equations



Numerics
- Non-linear system so we need an iterative

procedure (Newton’s method) and therefore
a good guess.
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- Deforming the trivial large B solutions
{)\1)\M} = {607 €1,€2y - EN} — {07 1/A17 1/A27 > oeh 1/AN}
to the desired magnetic field.
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Numerics

6 I I
)| S N i
*.,..**.;,.*., “u% |||||||||||||| N
‘\\‘|‘|‘|‘|‘I‘I IO TTITT I . 5
; st AU | %z
.......‘....- “\\\‘\jllﬂf o $ i ‘"“"uulli ||||||||||||||||||||||||||||||||
' 8 ! o] \
: O -0 EIUESNEE 3 {II;llrlrlll'lll'l (1] Illrhl'l ] -
ErmaE ERE-aEn- il i PO : v,
3 Iy [““",“ ’, ! : |||||||||||||||||||||||||||||||||||||||||||
L L PP 1',"'"' :‘:
: COTTTTITR T TR
| | 1 d
i i i v
{n—nu{{nl-—u{nr -
: _2 OSSO U USROS USUUURRROUR RSN, SNSRI SR S —————— -
_4 i i —6 | | |

o=1/B | o =1/B

New variables: A(e) = S0, —L¢

N quadratic Bethe EqQs: A%(;) :ZA(”)_A(“) - A(e))
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Numerics
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Overlaps: (n | o) = detrrxarG({A})
Form factors: (m| Sy [n) = detarsar J({A})

N. A. Slavnov, Calculation of scalar products of wave functions and form factors in the framework of the algebraic
Bethe ansatz, Teor. Mat. Fiz. 79, 502 (1989)

New representation in terms of A\ ;

(n [Ug) = detn nG({A})
(m| Sy |n) = detnnJ({A})

A. Faribault and D. Schuricht, On the determinant representations of Gaudin models' scalar products and form factors,
arXiv: 1207.2352

e Sum over the contributions:
Monte Carlo sampling of pairs (m,n)
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Results

* Dynamics for N = 36 (Spin 1/2)

e Couplings (Gaussian wavefunction for 2D
dot): A o

N

» Monte-Carlo sample 10’ configurations



Results

e |nitial state: 1%o) =140 LNLT )+ I LN LT )
“‘Maximal entropy state”
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*Time evolution (and spectrum) of (S; (¢))
for a wide range of magnetic fields.
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* Weak field regime Results
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Results

B=0 eigenstates are split into independent
subsets

of localized: X = A\ + O(B)

and delocalized: N ~ & 4+ 0(1)

E. A. Yuzbashyan, A. A. Baytin, and B. L. Altshuler, Strong-coupling expansion for the pairing Hamiltonian for small superconducting
metallic grains, Phys. Rev. B 68, 214509 (2003)
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Results

Delocalized Localized
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Zero-energy: ;. =0 Finite energy



Results
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EVERY M-1 eigenstate (n)
has a degenerate M partner (m)
(by adding one delocalized QP)
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Conclusions
*By exploiting the integrability of the central
spin model, we were able to numerically
explore the decoherence properties for any
magnetic field.

- Large B: Larmor precession + weakly
modulated exponential decay.

- Intermediate B: crossover

- Weak field: rapid Gaussian decay followed
by non-decaying fraction.



