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Kondo effect in an open environment  

• Modeling open systems  
    -  energy,  particles  not conserved, dissipation into environment 
    -  non unitary evolution
    -  New phase transitions

•  Non Hermitian Hamiltonians, PT symmetry or not     e.g

• The Hermitian Kondo model, old problem, well studied
      originated in metals, electrons scattering off a quantum impurity

•  Study a non-Hermitian,  Lindbladian generalization
    -  Experiments using atomic gases (underway)
    - New phases emerge 
    - competition energetics and dissipation
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Motivations : 
       i.  Study a well known phenomenon under new circumstances
      ii. Many conceptual questions arise
      iii. Benchmark  for numerical methods  e.g. extend DMRG to complex variables



Kondo effect  in a metal 

• Magnetic impurity in a sea of gapless fermions:
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Kondo impurity coupled to 
the Fermi sea 
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Kondo effect in a metal
Magnetic impurity in a sea of gapless fermions 

Closed Kondo system 

Kondo 
cloud

• For             spin ½  impurity is screened
        - Singlet Ground State
        - Many-body screening (Kondo cloud)

• Magnetic susceptibility  and resistivity
    increase as  T       0

• RG interpretation:
    - only one phase    System flows to strong coupling 

• Non-perturbative scale 
• Impurity D.O.S
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Open Kondo system
Kondo system coupled to an environment: 

Environment
coupling

Open Kondo System 

Kondo 
cloud

Example:  AMO system of a two orbital fermionic quantum  gas      
- Atoms (e.g.          ) in a metastable excited state play the role 
of a spin S = 1/2 impurities 
-  Atoms in their ground state are mobile and act as itinerant 
spin S = 1/2 fermions.
- Two-body losses due to inelastic scattering between the 
impurity and itinerant atoms are enhanced in the singlet 
channel.        (I. Bloch group  2018)
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Experiment

• Ultra cold gases with  orbital and spin degrees of freedom  allow localized and mobile magnetic moments 
 e.g.  Ytterbium           

• Two orbitals can be represented  in the two lowest-lying states of their electronic spin singlet and triplet manifold, 
      (denoted |g⟩) and   (|e⟩). 
 

Riegger et al ’18   (I. Bloch group)

• Use state-dependent optical lattices 



Open quantum systems:                                             
Lindbladian  (Born-Markov approx) Master equation

Unitary  dynamics Jump terms No-jump terms

• Lindblad equation for density matrix of the system   

• Rewriting the Lindbladian
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arXiv: 1110.2122
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Markovian environment:
i.     Born approx.:
Weak coupling to environment

ii. Markov approx:
      Env  correlation time
               total relaxations time
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� Typical system level spacing
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The Kondo Model in dissipative media
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• The Kondo Hamiltonian,   (         describe mobile atoms in gs,         metastable atoms in excited state)

• Add 2-body loss operators   

• Obtain the Effective Non-Hermitian Hamiltonian (dropping jump operators)
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imaginary part         is related to the rate                         of two-body losses due to inelastic scattering.
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<latexit sha1_base64="yIR2HJ9//4oXadKz809ebv5EghY=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BLx4jmAcmS5idzCZD5rHMzAphyV948aCIV//Gm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWyc9xv2sZ9hQ4Gm/XPGr/hxolQQ5qUCORr/81RsokgoqLeHYmG7gJzbMsLaMcDot9VJDE0zGeEi7jkosqAmz+cVTdOaUAYqVdiUtmqu/JzIsjJmIyHUKbEdm2ZuJ/3nd1MbXYcZkkloqyWJRnHJkFZq9jwZMU2L5xBFMNHO3IjLCGhPrQiq5EILll1dJ66IaXFZr97VK/SaPowgncArnEMAV1OEOGtAEAhKe4RXePOO9eO/ex6K14OUzx/AH3ucP4gqREQ==</latexit>

f�

<latexit sha1_base64="lCQmgQ98jZpG88i5ZtUrIRLY1Ks="></latexit>

Heff =
X

k,�

✏kc
†
k�ck� +

X

k,k0,��0

(J< + iJ=)c
†
k�ck0�0���0 · Simp +

X

k,k0,�

(J 0
< + iJ

0
=)c

†
k�ck0�

<latexit sha1_base64="dFTF9RMLiBQuxCfKtplTclqNX5c="></latexit>

L± =
q

2�⌥
eg

1p
2
(f#c"(0)± f"c#(0))

L"" =
q

2�+
egf"c"(0)

L## =
q

2��
egf#c#(0)

Nakagawa, Kawakami, Ueda 
PRL 121, 203001 (2018)
 

<latexit sha1_base64="yIR2HJ9//4oXadKz809ebv5EghY=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BLx4jmAcmS5idzCZD5rHMzAphyV948aCIV//Gm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWyc9xv2sZ9hQ4Gm/XPGr/hxolQQ5qUCORr/81RsokgoqLeHYmG7gJzbMsLaMcDot9VJDE0zGeEi7jkosqAmz+cVTdOaUAYqVdiUtmqu/JzIsjJmIyHUKbEdm2ZuJ/3nd1MbXYcZkkloqyWJRnHJkFZq9jwZMU2L5xBFMNHO3IjLCGhPrQiq5EILll1dJ66IaXFZr97VK/SaPowgncArnEMAV1OEOGtAEAhKe4RXePOO9eO/ex6K14OUzx/AH3ucP4gqREQ==</latexit>

f� local fermion



Perturbative analysis  (complex coupling                       )<latexit sha1_base64="4qAWIocuuMmSjEbjJM8l20/Yre0=">AAAB+HicbVDLSgMxFM34rPXRUZdugkUQhDIjRd0IRTfaVRX7gHYYMultG5rMDElGqEO/xI0LRdz6Ke78G9N2Ftp64HIP59xLbk4Qc6a043xbS8srq2vruY385tb2TsHe3WuoKJEU6jTikWwFRAFnIdQ10xxasQQiAg7NYHg98ZuPIBWLwgc9isETpB+yHqNEG8m3C9VLXPU793DCTLsVvl10Ss4UeJG4GSmiDDXf/up0I5oICDXlRKm268TaS4nUjHIY5zuJgpjQIelD29CQCFBeOj18jI+M0sW9SJoKNZ6qvzdSIpQaicBMCqIHat6biP957UT3LryUhXGiIaSzh3oJxzrCkxRwl0mgmo8MIVQycyumAyIJ1SarvAnBnf/yImmcltyzUvmuXKxcZXHk0AE6RMfIReeogm5QDdURRQl6Rq/ozXqyXqx362M2umRlO/voD6zPH+zmkfw=</latexit>

J = J< + iJ=

<latexit sha1_base64="O8v4ve2iqpIuLV0VhI/0cSwBBTE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BL+IpinlAsoTZSScZMzu7zMwKYck/ePGgiFf/x5t/4yTZgyYWNBRV3XR3BbHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSrYBqFFxi3XAjsBUrpGEgsBmMrqd+8wmV5pF8MOMY/ZAOJO9zRo2VGuS227nHbrHklt0ZyDLxMlKCDLVu8avTi1gSojRMUK3bnhsbP6XKcCZwUugkGmPKRnSAbUslDVH76ezaCTmxSo/0I2VLGjJTf0+kNNR6HAa2M6RmqBe9qfif105M/9JPuYwTg5LNF/UTQUxEpq+THlfIjBhbQpni9lbChlRRZmxABRuCt/jyMmmclb3zcuWuUqpeZXHk4QiO4RQ8uIAq3EAN6sDgEZ7hFd6cyHlx3p2PeWvOyWYO4Q+czx/BW46b</latexit>

J<

<latexit sha1_base64="7bB0wYqR2ie1ggpLAW+Ts0CcGW8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BL+opgnlAsoTZySQZM49lZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrijkz1ve/vdzK6tr6Rn6zsLW9s7tX3D9oGJVoQutEcaVbETaUM0nrlllOW7GmWEScNqPR9dRvPlFtmJIPdhzTUOCBZH1GsHVSA911O7eiWyz5ZX8GtEyCjJQgQ61b/Or0FEkElZZwbEw78GMbplhbRjidFDqJoTEmIzygbUclFtSE6ezaCTpxSg/1lXYlLZqpvydSLIwZi8h1CmyHZtGbiv957cT2L8OUyTixVJL5on7CkVVo+jrqMU2J5WNHMNHM3YrIEGtMrAuo4EIIFl9eJo2zcnBertxXStWrLI48HMExnEIAF1CFG6hBHQg8wjO8wpunvBfv3fuYt+a8bOYQ/sD7/AG/zo6a</latexit>

J=

• RG  analysis Indicates 
two phases:

Perturbative regime

<latexit sha1_base64="Qtz8n3OEPOiEsvtBOc0lcK/KDH8="></latexit>

�(J) = D
dJ

dD
= ⇢0J

2 +
1

2
⇢20J

3 + · · ·

screened and unscreened

• We shall find other 
phases in between

Nakagawa, Kawakami, Ueda 
PRL 121, 203001 (2018)
 



The  Kondo Hamiltonian  

T, p... ⌧ D

D
T

Region of validity

- Linearization valid for:                                                                                                     Equivalently, take the scaling limit:  

• Linearize  to obtain low energy effective Hamiltonian

Route 2: impurity geometry, keep s-waves
spherical modes

s-waves  

Linearize around 
Fourier transform 

x<o
(in) (out)

x>0

<latexit sha1_base64="oo6MRYoJXNPxz203h4B+TLxZw3Y=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiHjxWsB/QhLLZbtqlm03YnQil9G948aCIV/+MN/+N2zYHbX0w8Hhvhpl5YSqFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZZJMM95kiUx0J6SGS6F4EwVK3kk1p3EoeTsc3c789hPXRiTqEccpD2I6UCISjKKV/DviY0J8oSIc98oVt+rOQVaJl5MK5Gj0yl9+P2FZzBUySY3pem6KwYRqFEzyacnPDE8pG9EB71qqaMxNMJnfPCVnVumTKNG2FJK5+ntiQmNjxnFoO2OKQ7PszcT/vG6G0XUwESrNkCu2WBRlktg/ZwGQvtCcoRxbQpkW9lbChlRThjamkg3BW355lbQuqt5ltfZQq9Rv8jiKcAKncA4eXEEd7qEBTWCQwjO8wpuTOS/Ou/OxaC04+cwx/IHz+QNdaJFE</latexit>

D ! 1

<latexit sha1_base64="6wxJsUATHxzDVFu8Cg/VxDs/eFQ="></latexit>

H3d =
X

k,�

✏kc
†
k�ck� +

X

k,k0,��0

(J< + iJ=)c
†
k�ck0�0���0 · Simp +

X

k,k0,�

(J 0
< + iJ

0
=)c

†
k�ck0�

<latexit sha1_base64="ukKQFcIrdPGf2+gC5cPPDJscn1s="></latexit>

H1d = �i

Z
 
†
�(x) @x  �(x) + (J< + iJ=) 

†
�(0)~���0 �0(0) · Simp + (J 0

< + iJ
0
=) 

†
�(0) �(0)

<latexit sha1_base64="16VKGO3C+Cw9VdJ+7cVna8q8bBM=">AAAB8nicdVDLSsNAFJ3UV62vqks3g0Wom5Ckta27ohuXFewD0lAmk0k7dDIJMxOhhH6GGxeKuPVr3Pk3TtoKKnpg4HDOvcw9x08YlcqyPozC2vrG5lZxu7Szu7d/UD486sk4FZh0ccxiMfCRJIxy0lVUMTJIBEGRz0jfn17nfv+eCEljfqdmCfEiNOY0pBgpLbnVWgCHKoZ2cD4qVyzzstVwLhxomZbVdGqNnDjNulODtlZyVMAKnVH5fRjEOI0IV5ghKV3bSpSXIaEoZmReGqaSJAhP0Zi4mnIUEelli5Pn8EwrAQxjoR9XcKF+38hQJOUs8vVkhNRE/vZy8S/PTVXY8jLKk1QRjpcfhSmDOmSeHwZUEKzYTBOEBdW3QjxBAmGlWyrpEr6Swv9JzzHthlm/rVfaV6s6iuAEnIIqsEETtMEN6IAuwCAGD+AJPBvKeDRejNflaMFY7RyDHzDePgGcZZAx</latexit>

(3d ! 1d)

Route 1: sum modes, linearize



Construction of eigenstates, eigenvalues
• We wish to solve <latexit sha1_base64="VIad9Ay0gF1BYY+ifyUVKbzS1dA=">AAAB/nicbZDLSsNAFIYnXmu9RcWVm8EiuCqJFHUjFEXpsoK9QBvKZHrSDp1MwsxEKLHgq7hxoYhbn8Odb+O0DaKtPwx8/OcczpnfjzlT2nG+rIXFpeWV1dxafn1jc2vb3tmtqyiRFGo04pFs+kQBZwJqmmkOzVgCCX0ODX9wNa437kEqFok7PYzBC0lPsIBRoo3VsfcrDzdtSUSPw8X1D3bsglN0JsLz4GZQQJmqHfuz3Y1oEoLQlBOlWq4Tay8lUjPKYZRvJwpiQgekBy2DgoSgvHRy/ggfGaeLg0iaJzSeuL8nUhIqNQx90xkS3VeztbH5X62V6ODcS5mIEw2CThcFCcc6wuMscJdJoJoPDRAqmbkV0z6RhGqTWN6E4M5+eR7qJ0X3tFi6LRXKl1kcOXSADtExctEZKqMKqqIaoihFT+gFvVqP1rP1Zr1PWxesbGYP/ZH18Q3yF5V+</latexit>

H|F i = E|F i

with

• Equivalently

with <latexit sha1_base64="I5W59fXa7M39VIPibffcoomlHDk="></latexit>

h = �i
NeX

j=1

@j + (J< + iJ=)
X

j

~�j · Simp �(xj) + (J 0
< + iJ 0

=)
X

j

�(xj)

<latexit sha1_base64="aLEysxQNB7JXUdO/f8b0gAzdu7A="></latexit>

|F i =
Z

F�1...�Ne ,�0(x1...xNe)
NeY

j=1

 †
�j
(xj)|0,�0i

<latexit sha1_base64="tVIWo5mBTS1yf/aoaHjhyPdUCLs=">AAACWXicnVHNS8MwHE2rm7N+VXf0EhzCBCmtDPUiDEXxJBPcB2y1pFm2haUfJKlslP6THgTxX/Fg21XQzZMPAi/v/R5JXtyQUSFN811R19ZL5Y3Kpra1vbO7p+8fdEQQcUzaOGAB77lIEEZ90pZUMtILOUGey0jXnd5kfveFcEED/0nOQ2J7aOzTEcVIppKjhxN458QDQccecizDMGDB44dnkpx+78ykPsvt2cI4ubr9V0zTHL1mGmYOuEqsgtRAgZajvw6GAY484kvMkBB9ywylHSMuKWYk0QaRICHCUzQm/ZT6yCPCjvNmEnicKkM4Cni6fAlz9WciRp4Qc89NJz0kJ2LZy8S/vH4kR5d2TP0wksTHi4NGEYMygFnNcEg5wZLNU4Iwp+ldIZ4gjrBMPyMrwVp+8irpnBnWudF4bNSa10UdFXAIjkAdWOACNME9aIE2wOANfColpax8qIpaUbXFqKoUmSr4BbX6BRsXsIA=</latexit>

hF�1...�Ne ,�0(x1...xNe) = EF�1...�Ne ,�0(x1...xNe)

• Eigenfunctions are  composed of plain waves, e.g. Consider a single electron:

<latexit sha1_base64="Db/pB1lx39XGzsE+sY9Zju1Vxoc=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbBU9kVUY9FLx4r2A9ol5JNs21oNolJVilL/4QXD4p49e9489+YtnvQ1gcDj/dmmJkXKc6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqaa0AaRXOp2hA3lTNCGZZbTttIUJxGnrWh0M/Vbj1QbJsW9HSsaJnggWMwItk5qd1OFtZZPvXLFr/ozoGUS5KQCOeq98le3L0maUGEJx8Z0Al/ZMMPaMsLppNRNDVWYjPCAdhwVOKEmzGb3TtCJU/ooltqVsGim/p7IcGLMOIlcZ4Lt0Cx6U/E/r5Pa+CrMmFCppYLMF8UpR1ai6fOozzQllo8dwUQzdysiQ6wxsS6ikgshWHx5mTTPqsFF9fzuvFK7zuMowhEcwykEcAk1uIU6NIAAh2d4hTfvwXvx3r2PeWvBy2cO4Q+8zx9xVpA/</latexit>

"<latexit sha1_base64="ZkZrptImrpJ1Vzs3w4mEMq43vys=">AAAB8XicbVDLSgMxFL1TX7W+Rl26CRbBVZmRoi6LblxWsA9sh5JJM21oJhmSjKUM/Qs3LhRx69+4829M21lo64HA4Zx7yL0nTDjTxvO+ncLa+sbmVnG7tLO7t3/gHh41tUwVoQ0iuVTtEGvKmaANwwyn7URRHIectsLR7cxvPVGlmRQPZpLQIMYDwSJGsLHSY7cvxwIrJcc9t+xVvDnQKvFzUoYc9Z77ZcMkjakwhGOtO76XmCDDyjDC6bTUTTVNMBnhAe1YKnBMdZDNN56iM6v0USSVfcKgufo7keFY60kc2skYm6Fe9mbif14nNdF1kDGRpIYKsvgoSjkyEs3OR32mKDF8YgkmitldERlihYmxJZVsCf7yyaukeVHxLyvV+2q5dpPXUYQTOIVz8OEKanAHdWgAAQHP8ApvjnZenHfnYzFacPLMMfyB8/kDAgmRJg==</latexit>

#
<latexit sha1_base64="/JBVEVEZsY5jhMSryoohIzbqCVU=">AAACAnicbVDLSsNAFL3xWesr6krcDBbBhZREirqsunFZwT6gTcNkOmmHTh7MTMQSght/xY0LRdz6Fe78G6dtFtp64MLhnHu59x4v5kwqy/o2FhaXlldWC2vF9Y3NrW1zZ7cho0QQWicRj0TLw5JyFtK6YorTViwoDjxOm97weuw376mQLArv1CimToD7IfMZwUpLrrl/2U1tK3NT7Non2LUyhGg3ZcOHzDVLVtmaAM0TOyclyFFzza9OLyJJQENFOJaybVuxclIsFCOcZsVOImmMyRD3aVvTEAdUOunkhQwdaaWH/EjoChWaqL8nUhxIOQo83RlgNZCz3lj8z2snyr9wUhbGiaIhmS7yE45UhMZ5oB4TlCg+0gQTwfStiAywwETp1Io6BHv25XnSOC3bZ+XKbaVUvcrjKMABHMIx2HAOVbiBGtSBwCM8wyu8GU/Gi/FufExbF4x8Zg/+wPj8AZ7AllE=</latexit>

A10
a1,a0

eikx

<latexit sha1_base64="Db/pB1lx39XGzsE+sY9Zju1Vxoc=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbBU9kVUY9FLx4r2A9ol5JNs21oNolJVilL/4QXD4p49e9489+YtnvQ1gcDj/dmmJkXKc6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqaa0AaRXOp2hA3lTNCGZZbTttIUJxGnrWh0M/Vbj1QbJsW9HSsaJnggWMwItk5qd1OFtZZPvXLFr/ozoGUS5KQCOeq98le3L0maUGEJx8Z0Al/ZMMPaMsLppNRNDVWYjPCAdhwVOKEmzGb3TtCJU/ooltqVsGim/p7IcGLMOIlcZ4Lt0Cx6U/E/r5Pa+CrMmFCppYLMF8UpR1ai6fOozzQllo8dwUQzdysiQ6wxsS6ikgshWHx5mTTPqsFF9fzuvFK7zuMowhEcwykEcAk1uIU6NIAAh2d4hTfvwXvx3r2PeWvBy2cO4Q+8zx9xVpA/</latexit>

" <latexit sha1_base64="ZkZrptImrpJ1Vzs3w4mEMq43vys=">AAAB8XicbVDLSgMxFL1TX7W+Rl26CRbBVZmRoi6LblxWsA9sh5JJM21oJhmSjKUM/Qs3LhRx69+4829M21lo64HA4Zx7yL0nTDjTxvO+ncLa+sbmVnG7tLO7t3/gHh41tUwVoQ0iuVTtEGvKmaANwwyn7URRHIectsLR7cxvPVGlmRQPZpLQIMYDwSJGsLHSY7cvxwIrJcc9t+xVvDnQKvFzUoYc9Z77ZcMkjakwhGOtO76XmCDDyjDC6bTUTTVNMBnhAe1YKnBMdZDNN56iM6v0USSVfcKgufo7keFY60kc2skYm6Fe9mbif14nNdF1kDGRpIYKsvgoSjkyEs3OR32mKDF8YgkmitldERlihYmxJZVsCf7yyaukeVHxLyvV+2q5dpPXUYQTOIVz8OEKanAHdWgAAQHP8ApvjnZenHfnYzFacPLMMfyB8/kDAgmRJg==</latexit>

#
<latexit sha1_base64="YFUX5k2bCIgziPUNidmxxVGJYpc=">AAACAnicbVDLSsNAFL3xWesr6krcDBbBhZREirqsunFZwT6gTcNkOmmHTh7MTMQSght/xY0LRdz6Fe78G6dtFtp64MLhnHu59x4v5kwqy/o2FhaXlldWC2vF9Y3NrW1zZ7cho0QQWicRj0TLw5JyFtK6YorTViwoDjxOm97weuw376mQLArv1CimToD7IfMZwUpLrrl/2U0tO3NT7Non2LUyhGg3ZcOHzDVLVtmaAM0TOyclyFFzza9OLyJJQENFOJaybVuxclIsFCOcZsVOImmMyRD3aVvTEAdUOunkhQwdaaWH/EjoChWaqL8nUhxIOQo83RlgNZCz3lj8z2snyr9wUhbGiaIhmS7yE45UhMZ5oB4TlCg+0gQTwfStiAywwETp1Io6BHv25XnSOC3bZ+XKbaVUvcrjKMABHMIx2HAOVbiBGtSBwCM8wyu8GU/Gi/FufExbF4x8Zg/+wPj8AZ6/llE=</latexit>

A01
a1,a0

eikx

<latexit sha1_base64="BnYv3lYkh9wE8+w3DK3dVobAhnA=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKUC9CUASPEc0DkhBmJ73JkNnZZWZWCEs+wYsHRbz6Rd78GyfJHjSxoKGo6qa7y48F18Z1v53cyura+kZ+s7C1vbO7V9w/aOgoUQzrLBKRavlUo+AS64Ybga1YIQ19gU1/dDP1m0+oNI/koxnH2A3pQPKAM2qs9HB7NeoVS27ZnYEsEy8jJchQ6xW/Ov2IJSFKwwTVuu25semmVBnOBE4KnURjTNmIDrBtqaQh6m46O3VCTqzSJ0GkbElDZurviZSGWo9D33aG1Az1ojcV//PaiQkuuymXcWJQsvmiIBHERGT6N+lzhcyIsSWUKW5vJWxIFWXGplOwIXiLLy+TxlnZOy9X7iul6nUWRx6O4BhOwYMLqMId1KAODAbwDK/w5gjnxXl3PuatOSebOYQ/cD5/AOUbjY4=</latexit>

E = k

<latexit sha1_base64="0X7nDKCk9YKAgNIYNeHwknTCZu4="></latexit>

A01
a1a0

=
X

b1b0

[S10]b1b0a1a0
A10

b1b0

Impurity – electron S-matrix 
(derived from  Hamiltonian)

<latexit sha1_base64="S2F4d+x40OaxBkR6Rva89SPqYKY="></latexit>

Fa1a0(x) = eikx[A10
a1a0

✓(�x) +A01
a1a0

✓(x)] where

+



Construction of eigenstates, eigenvalues

• The impurity-electron  S-matrix

The electron-electron  S-matrix

<latexit sha1_base64="YZBZ2p8VMjs9j3Ntren2lodR1gA="></latexit>

Sj0 = e�i� I
j0 � ic0P j0

1� ic0
, c0 2 C

<latexit sha1_base64="4crmEmUicW0k+CO1BPncwq8qxs8=">AAAB9HicbVDLTgIxFL2DL8QX6tJNIzFxRWYMQTcmRDcuMcojgZF0Sgcqnc7YdkjIhO9w40Jj3Pox7vwbyzALBU9yc0/OuTe9PV7EmdK2/W3lVlbX1jfym4Wt7Z3dveL+QVOFsSS0QUIeyraHFeVM0IZmmtN2JCkOPE5b3uh65rfGVCoWins9iagb4IFgPiNYG8m9e0jY4/SynrZesWSX7RRomTgZKUGGeq/41e2HJA6o0IRjpTqOHWk3wVIzwum00I0VjTAZ4QHtGCpwQJWbpEdP0YlR+sgPpSmhUar+3khwoNQk8MxkgPVQLXoz8T+vE2v/wk2YiGJNBZk/5Mcc6RDNEkB9JinRfGIIJpKZWxEZYomJNjkVTAjO4peXSfOs7FTLldtKqXaVxZGHIziGU3DgHGpwA3VoAIEneIZXeLPG1ov1bn3MR3NWtnMIf2B9/gDtFZI3</latexit>

Sij = P ij

Satisfy the Yang-Baxter (Braiding) equation:                                                         guaranteeing consistency
<latexit sha1_base64="SowL8K10e2TdDF6J0/9rk2I29cA=">AAACDnicbVDLSsNAFL2pr1pfUZdugqXgqiRS1I1QdOOyon1AG8tkOmmnnUzCzEQooV/gxl9x40IRt67d+TdO2iDaemDuHM65l5l7vIhRqWz7y8gtLa+sruXXCxubW9s75u5eQ4axwKSOQxaKlockYZSTuqKKkVYkCAo8Rpre6DL1m/dESBryWzWOiBugPqc+xUhpqWuWbu4SOpyk1U7r0J6cz64fSdtds2iX7SmsReJkpAgZal3zs9MLcRwQrjBDUrYdO1JugoSimJFJoRNLEiE8Qn3S1pSjgEg3ma4zsUpa6Vl+KPThypqqvycSFEg5DjzdGSA1kPNeKv7ntWPln7kJ5VGsCMezh/yYWSq00mysHhUEKzbWBGFB9V8tPEACYaUTLOgQnPmVF0njuOyclCvXlWL1IosjDwdwCEfgwClU4QpqUAcMD/AEL/BqPBrPxpvxPmvNGdnMPvyB8fENet+cZQ==</latexit>

SijSi0Sj0 = Sj0Si0Sij

<latexit sha1_base64="rrNIMH3ZC9LXokJNC4fKaXleOBU=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU9kVUS9CUQSPFewHdJclm2bbtEl2SbJCKf0bXjwo4tU/481/Y9ruQVsfDDzem2FmXpRypo3rfjuFldW19Y3iZmlre2d3r7x/0NRJpghtkIQnqh1hTTmTtGGY4bSdKopFxGkrGt5O/dYTVZol8tGMUhoI3JMsZgQbK/l3177ORDhAw3AQlitu1Z0BLRMvJxXIUQ/LX343IZmg0hCOte54bmqCMVaGEU4nJT/TNMVkiHu0Y6nEgupgPLt5gk6s0kVxomxJg2bq74kxFlqPRGQ7BTZ9vehNxf+8Tmbiq2DMZJoZKsl8UZxxZBI0DQB1maLE8JElmChmb0WkjxUmxsZUsiF4iy8vk+ZZ1buonj+cV2o3eRxFOIJjOAUPLqEG91CHBhBI4Rle4c3JnBfn3fmYtxacfOYQ/sD5/AFqP5FL</latexit>

E =
X

j

kj

<latexit sha1_base64="TgqR/ybSlAVnf+E8jBhtm/EGEec=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5JIUZdVNy5bsA9oYphMJ+3QmUmYmRRqCP6KGxeKuPU/3Pk3Th8LbT1w4XDOvdx7T5gwqrTjfFuFldW19Y3iZmlre2d3z94/aKk4lZg0ccxi2QmRIowK0tRUM9JJJEE8ZKQdDm8nfntEpKKxuNfjhPgc9QWNKEbaSIF9dB1k3ojgzFO0z1GeP2SNPLDLTsWZAi4Td07KYI56YH95vRinnAiNGVKq6zqJ9jMkNcWM5CUvVSRBeIj6pGuoQJwoP5ten8NTo/RgFEtTQsOp+nsiQ1ypMQ9NJ0d6oBa9ifif1011dOVnVCSpJgLPFkUpgzqGkyhgj0qCNRsbgrCk5laIB0girE1gJROCu/jyMmmdV9yLSrVRLddu5nEUwTE4AWfABZegBu5AHTQBBo/gGbyCN+vJerHerY9Za8GazxyCP7A+fwA0ypW6</latexit>

AQ
~�

<latexit sha1_base64="P/CjLUDmUx5k8mZgiSpdOz3GpZU=">AAAB+HicbVDLTsMwENzwLOXRAEcuFhUSB1QlqAKOFVw4FkEfUhsqx3VbU8eJbAepRPkSLhxAiCufwo2/wU1zgJaRVjua2ZXX40ecKe0439bS8srq2npho7i5tb1Tsnf3miqMJaENEvJQtn2sKGeCNjTTnLYjSXHgc9ryx1dTv/VIpWKhuNOTiHoBHgo2YARrI/XsErq9Tx7G6UnWnbRnl52KkwEtEjcnZchR79lf3X5I4oAKTThWquM6kfYSLDUjnKbFbqxohMkYD2nHUIEDqrwkOzxFR0bpo0EoTQmNMvX3RoIDpSaBbyYDrEdq3puK/3mdWA8uvISJKNZUkNlDg5gjHaJpCqjPJCWaTwzBRDJzKyIjLDHRJquiCcGd//IiaZ5W3LNK9aZarl3mcRTgAA7hGFw4hxpcQx0aQCCGZ3iFN+vJerHerY/Z6JKV7+zDH1ifP6vrknc=</latexit>

Sjk, Sj0

<latexit sha1_base64="YaQouHo+dyuXYycElNINTHRL/Qw="></latexit>

e�ikjLA�1...�N = (Zj)
�0
1...�

0
N

�1...�N
A�0

1...�
0
N

<latexit sha1_base64="Nl6QFiC9dgykoyqJEXn/yCuD7Qw=">AAACBHicbZC7TsMwFIadcivlFmDsYlEhMUUJqoAFqYKFCRVBL6JNI8d1WrfORbaDVEUZWHgVFgYQYuUh2HgbnDYDtBzJ8qf/P0f2+d2IUSFN81srLC2vrK4V10sbm1vbO/ruXlOEMcekgUMW8raLBGE0IA1JJSPtiBPku4y03PFl5rceCBc0DO7kJCK2jwYB9ShGUkmOXr53Rue3vcQapYYBFYyueyTNbjN19IppmNOCi2DlUAF51R39q9sPceyTQGKGhOhYZiTtBHFJMSNpqRsLEiE8RgPSURggnwg7mS6RwkOl9KEXcnUCCafq74kE+UJMfFd1+kgOxbyXif95nVh6Z3ZCgyiWJMCzh7yYQRnCLBHYp5xgySYKEOZU/RXiIeIIS5VbSYVgza+8CM1jwzoxqjfVSu0ij6MIyuAAHAELnIIauAJ10AAYPIJn8AretCftRXvXPmatBS2f2Qd/Svv8AVfSl0k=</latexit>

Zj = S1j ..SjNe

Sj0

<latexit sha1_base64="IR/WKwQ9pMrV5ceH6mkMtbWMzZQ="></latexit>

F k1...kN
�1...�e

N ,�0
(x1...xN ) =

X

Q

X

~�

✓(xQ)A
Q
~� e

i
P

kjxj• The eigen functions take the form

• The  amplitudes           are connected by S-matrices          

<latexit sha1_base64="AAFOiDptOtLWrFbyVK1jugAA5gU=">AAAB6XicbVDLSgNBEOyNrxhfUY9eRoPgKexKUI9BL54kinlAEsLspDcZMju7zMwKYckfePGgiFf/yJt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmPbqZ+8wmV5pF8NOMYuyEdSB5wRo2VHu6Oe8WSW3ZnIMvEy0gJMtR6xa9OP2JJiNIwQbVue25suilVhjOBk0In0RhTNqIDbFsqaYi6m84unZBTq/RJEClb0pCZ+nsipaHW49C3nSE1Q73oTcX/vHZigqtuymWcGJRsvihIBDERmb5N+lwhM2JsCWWK21sJG1JFmbHhFGwI3uLLy6RxXvYuypX7Sql6ncWRhyM4gTPw4BKqcAs1qAODAJ7hFd6ckfPivDsf89ack80cwh84nz8AxI0G</latexit>

N !
<latexit sha1_base64="3iJS02V3LF9c9QQejHB+yZGi5HQ=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69BIsgCCWRol6EohdPpYL9gDaWzXbSLt1swu5GKKE/wosHRbz6e7z5b9y2OWjrg4HHezPMzPNjzpR2nG8rt7K6tr6R3yxsbe/s7hX3D5oqSiTFBo14JNs+UciZwIZmmmM7lkhCn2PLH91O/dYTSsUi8aDHMXohGQgWMEq0kVq169ojnrm9YskpOzPYy8TNSAky1HvFr24/okmIQlNOlOq4Tqy9lEjNKMdJoZsojAkdkQF2DBUkROWls3Mn9olR+nYQSVNC2zP190RKQqXGoW86Q6KHatGbiv95nUQHV17KRJxoFHS+KEi4rSN7+rvdZxKp5mNDCJXM3GrTIZGEapNQwYTgLr68TJrnZfeiXLmvlKo3WRx5OIJjOAUXLqEKd1CHBlAYwTO8wpsVWy/Wu/Uxb81Z2cwh/IH1+QMTJY7B</latexit>

N = Ne + 1
<latexit sha1_base64="58EzVdvrJ6maOdy7p2z4l0RzSY0=">AAACJHicbZBLSwMxEMez9VXrq+rRS7AInspuKSp4KXrxJC3YB7Trkk2nbWj2QZIVy7IfxotfxYsHH3jw4mcxu+2htg4k/PKfGSbzd0POpDLNbyO3srq2vpHfLGxt7+zuFfcPWjKIBIUmDXggOi6RwJkPTcUUh04ogHguh7Y7vk7z7QcQkgX+nZqEYHtk6LMBo0RpySlePjpxw0p6HHBKlQSniHGP9gMls4eZ3XNCWnh7D4lTLJllMwu8DNYMSmgWdaf40esHNPLAV5QTKbuWGSo7JkIxyiEp9CIJIaFjMoSuRp94IO04WzLBJ1rp40Eg9PEVztT5jph4Uk48V1d6RI3kYi4V/8t1IzW4sGPmh5ECn04HDSKOVYBTx3CfCaCKTzQQKpj+K6YjIghV2teCNsFaXHkZWpWydVauNqql2tXMjjw6QsfoFFnoHNXQDaqjJqLoCb2gN/RuPBuvxqfxNS3NGbOeQ/QnjJ9fBeujOQ==</latexit>

xQ1  xQ2  · · ·  0  · · ·  xQNe

• Impose periodic boundary conditions

with the transfer matrix

• Solve for the momenta      ,  and the energy :    
<latexit sha1_base64="V+haeZLkjLeeP7oG2vjfc/dBnlw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbTbt2swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuLaiFg94DjhfkQHSoSCUbTS/aj32CtX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26oScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uwys/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadkg3BW3x5mTTPqt5F9fzuvFK7zuMowhEcwyl4cAk1uIU6NIDBAJ7hFd4c6bw4787HvLXg5DOH8AfO5w9RNI3V</latexit>

kj

xj = �L/2
<latexit sha1_base64="GHfxWI5YXUlce05XNpgkAM+qwxo=">AAAB73icdVDJSgNBEK2OW4xb1KOXxiB4Mc4EQS9C0IsHDxHMAskQejo9SZuenrG7RwxDfsKLB0W8+jve/Bs7ixC3BwWP96qoqufHgmvjOB8oMze/sLiUXc6trK6tb+Q3t2o6ShRlVRqJSDV8opngklUNN4I1YsVI6AtW9/vnI79+x5Tmkbw2g5h5IelKHnBKjJUa9+2b04PLw1I7X3CLzhjY+UW+rAJMUWnn31udiCYhk4YKonXTdWLjpUQZTgUb5lqJZjGhfdJlTUslCZn20vG9Q7xnlQ4OImVLGjxWZydSEmo9CH3bGRLT0z+9kfiX10xMcOKlXMaJYZJOFgWJwCbCo+dxhytGjRhYQqji9lZMe0QRamxEudkQ/ie1UtF1iu7VUaF8No0jCzuwC/vgwjGU4QIqUAUKAh7gCZ7RLXpEL+h10ppB05lt+Ab09gnLsY8j</latexit><latexit sha1_base64="GHfxWI5YXUlce05XNpgkAM+qwxo=">AAAB73icdVDJSgNBEK2OW4xb1KOXxiB4Mc4EQS9C0IsHDxHMAskQejo9SZuenrG7RwxDfsKLB0W8+jve/Bs7ixC3BwWP96qoqufHgmvjOB8oMze/sLiUXc6trK6tb+Q3t2o6ShRlVRqJSDV8opngklUNN4I1YsVI6AtW9/vnI79+x5Tmkbw2g5h5IelKHnBKjJUa9+2b04PLw1I7X3CLzhjY+UW+rAJMUWnn31udiCYhk4YKonXTdWLjpUQZTgUb5lqJZjGhfdJlTUslCZn20vG9Q7xnlQ4OImVLGjxWZydSEmo9CH3bGRLT0z+9kfiX10xMcOKlXMaJYZJOFgWJwCbCo+dxhytGjRhYQqji9lZMe0QRamxEudkQ/ie1UtF1iu7VUaF8No0jCzuwC/vgwjGU4QIqUAUKAh7gCZ7RLXpEL+h10ppB05lt+Ab09gnLsY8j</latexit><latexit sha1_base64="GHfxWI5YXUlce05XNpgkAM+qwxo=">AAAB73icdVDJSgNBEK2OW4xb1KOXxiB4Mc4EQS9C0IsHDxHMAskQejo9SZuenrG7RwxDfsKLB0W8+jve/Bs7ixC3BwWP96qoqufHgmvjOB8oMze/sLiUXc6trK6tb+Q3t2o6ShRlVRqJSDV8opngklUNN4I1YsVI6AtW9/vnI79+x5Tmkbw2g5h5IelKHnBKjJUa9+2b04PLw1I7X3CLzhjY+UW+rAJMUWnn31udiCYhk4YKonXTdWLjpUQZTgUb5lqJZjGhfdJlTUslCZn20vG9Q7xnlQ4OImVLGjxWZydSEmo9CH3bGRLT0z+9kfiX10xMcOKlXMaJYZJOFgWJwCbCo+dxhytGjRhYQqji9lZMe0QRamxEudkQ/ie1UtF1iu7VUaF8No0jCzuwC/vgwjGU4QIqUAUKAh7gCZ7RLXpEL+h10ppB05lt+Ab09gnLsY8j</latexit><latexit sha1_base64="GHfxWI5YXUlce05XNpgkAM+qwxo=">AAAB73icdVDJSgNBEK2OW4xb1KOXxiB4Mc4EQS9C0IsHDxHMAskQejo9SZuenrG7RwxDfsKLB0W8+jve/Bs7ixC3BwWP96qoqufHgmvjOB8oMze/sLiUXc6trK6tb+Q3t2o6ShRlVRqJSDV8opngklUNN4I1YsVI6AtW9/vnI79+x5Tmkbw2g5h5IelKHnBKjJUa9+2b04PLw1I7X3CLzhjY+UW+rAJMUWnn31udiCYhk4YKonXTdWLjpUQZTgUb5lqJZjGhfdJlTUslCZn20vG9Q7xnlQ4OImVLGjxWZydSEmo9CH3bGRLT0z+9kfiX10xMcOKlXMaJYZJOFgWJwCbCo+dxhytGjRhYQqji9lZMe0QRamxEudkQ/ie1UtF1iu7VUaF8No0jCzuwC/vgwjGU4QIqUAUKAh7gCZ7RLXpEL+h10ppB05lt+Ab09gnLsY8j</latexit>

xj = +L/2
<latexit sha1_base64="CG2TiPlfJcta+WPZwPZlZdS9aXw=">AAAB73icdVDJSgNBEK2OW4xb1KOXxiAIQpwJgl6EoBcPHiKYBZIh9HR6kjY9PWN3jxiG/IQXD4p49Xe8+Td2FiFuDwoe71VRVc+PBdfGcT5QZm5+YXEpu5xbWV1b38hvbtV0lCjKqjQSkWr4RDPBJasabgRrxIqR0Bes7vfPR379jinNI3ltBjHzQtKVPOCUGCs17ts3pweXh6V2vuAWnTGw84t8WQWYotLOv7c6EU1CJg0VROum68TGS4kynAo2zLUSzWJC+6TLmpZKEjLtpeN7h3jPKh0cRMqWNHiszk6kJNR6EPq2MySmp396I/Evr5mY4MRLuYwTwySdLAoSgU2ER8/jDleMGjGwhFDF7a2Y9ogi1NiIcrMh/E9qpaLrFN2ro0L5bBpHFnZgF/bBhWMowwVUoAoUBDzAEzyjW/SIXtDrpDWDpjPb8A3o7RPIo48h</latexit><latexit sha1_base64="CG2TiPlfJcta+WPZwPZlZdS9aXw=">AAAB73icdVDJSgNBEK2OW4xb1KOXxiAIQpwJgl6EoBcPHiKYBZIh9HR6kjY9PWN3jxiG/IQXD4p49Xe8+Td2FiFuDwoe71VRVc+PBdfGcT5QZm5+YXEpu5xbWV1b38hvbtV0lCjKqjQSkWr4RDPBJasabgRrxIqR0Bes7vfPR379jinNI3ltBjHzQtKVPOCUGCs17ts3pweXh6V2vuAWnTGw84t8WQWYotLOv7c6EU1CJg0VROum68TGS4kynAo2zLUSzWJC+6TLmpZKEjLtpeN7h3jPKh0cRMqWNHiszk6kJNR6EPq2MySmp396I/Evr5mY4MRLuYwTwySdLAoSgU2ER8/jDleMGjGwhFDF7a2Y9ogi1NiIcrMh/E9qpaLrFN2ro0L5bBpHFnZgF/bBhWMowwVUoAoUBDzAEzyjW/SIXtDrpDWDpjPb8A3o7RPIo48h</latexit><latexit sha1_base64="CG2TiPlfJcta+WPZwPZlZdS9aXw=">AAAB73icdVDJSgNBEK2OW4xb1KOXxiAIQpwJgl6EoBcPHiKYBZIh9HR6kjY9PWN3jxiG/IQXD4p49Xe8+Td2FiFuDwoe71VRVc+PBdfGcT5QZm5+YXEpu5xbWV1b38hvbtV0lCjKqjQSkWr4RDPBJasabgRrxIqR0Bes7vfPR379jinNI3ltBjHzQtKVPOCUGCs17ts3pweXh6V2vuAWnTGw84t8WQWYotLOv7c6EU1CJg0VROum68TGS4kynAo2zLUSzWJC+6TLmpZKEjLtpeN7h3jPKh0cRMqWNHiszk6kJNR6EPq2MySmp396I/Evr5mY4MRLuYwTwySdLAoSgU2ER8/jDleMGjGwhFDF7a2Y9ogi1NiIcrMh/E9qpaLrFN2ro0L5bBpHFnZgF/bBhWMowwVUoAoUBDzAEzyjW/SIXtDrpDWDpjPb8A3o7RPIo48h</latexit><latexit sha1_base64="CG2TiPlfJcta+WPZwPZlZdS9aXw=">AAAB73icdVDJSgNBEK2OW4xb1KOXxiAIQpwJgl6EoBcPHiKYBZIh9HR6kjY9PWN3jxiG/IQXD4p49Xe8+Td2FiFuDwoe71VRVc+PBdfGcT5QZm5+YXEpu5xbWV1b38hvbtV0lCjKqjQSkWr4RDPBJasabgRrxIqR0Bes7vfPR379jinNI3ltBjHzQtKVPOCUGCs17ts3pweXh6V2vuAWnTGw84t8WQWYotLOv7c6EU1CJg0VROum68TGS4kynAo2zLUSzWJC+6TLmpZKEjLtpeN7h3jPKh0cRMqWNHiszk6kJNR6EPq2MySmp396I/Evr5mY4MRLuYwTwySdLAoSgU2ER8/jDleMGjGwhFDF7a2Y9ogi1NiIcrMh/E9qpaLrFN2ro0L5bBpHFnZgF/bBhWMowwVUoAoUBDzAEzyjW/SIXtDrpDWDpjPb8A3o7RPIo48h</latexit>

xj+1
<latexit sha1_base64="GP6ZcQHA37AXKRoiGiFEI4kjiFs=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiAIQpiRgB6DXjxGMAskQ+jp9CRtenqG7hoxDPkILx4U8er3ePNv7CxC3B4UPN6roqpekEhh0HU/nNzS8srqWn69sLG5tb1T3N1rmDjVjNdZLGPdCqjhUiheR4GStxLNaRRI3gyGlxO/ece1EbG6wVHC/Yj2lQgFo2il5n03uz3xxt1iySu7UxD3F/mySjBHrVt87/RilkZcIZPUmLbnJuhnVKNgko8LndTwhLIh7fO2pYpG3PjZ9NwxObJKj4SxtqWQTNXFiYxGxoyiwHZGFAfmpzcR//LaKYbnfiZUkiJXbLYoTCXBmEx+Jz2hOUM5soQyLeythA2opgxtQoXFEP4njdOy55a960qpejGPIw8HcAjH4MEZVOEKalAHBkN4gCd4dhLn0XlxXmetOWc+sw/f4Lx9AgHKj1Y=</latexit><latexit sha1_base64="GP6ZcQHA37AXKRoiGiFEI4kjiFs=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiAIQpiRgB6DXjxGMAskQ+jp9CRtenqG7hoxDPkILx4U8er3ePNv7CxC3B4UPN6roqpekEhh0HU/nNzS8srqWn69sLG5tb1T3N1rmDjVjNdZLGPdCqjhUiheR4GStxLNaRRI3gyGlxO/ece1EbG6wVHC/Yj2lQgFo2il5n03uz3xxt1iySu7UxD3F/mySjBHrVt87/RilkZcIZPUmLbnJuhnVKNgko8LndTwhLIh7fO2pYpG3PjZ9NwxObJKj4SxtqWQTNXFiYxGxoyiwHZGFAfmpzcR//LaKYbnfiZUkiJXbLYoTCXBmEx+Jz2hOUM5soQyLeythA2opgxtQoXFEP4njdOy55a960qpejGPIw8HcAjH4MEZVOEKalAHBkN4gCd4dhLn0XlxXmetOWc+sw/f4Lx9AgHKj1Y=</latexit><latexit sha1_base64="GP6ZcQHA37AXKRoiGiFEI4kjiFs=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiAIQpiRgB6DXjxGMAskQ+jp9CRtenqG7hoxDPkILx4U8er3ePNv7CxC3B4UPN6roqpekEhh0HU/nNzS8srqWn69sLG5tb1T3N1rmDjVjNdZLGPdCqjhUiheR4GStxLNaRRI3gyGlxO/ece1EbG6wVHC/Yj2lQgFo2il5n03uz3xxt1iySu7UxD3F/mySjBHrVt87/RilkZcIZPUmLbnJuhnVKNgko8LndTwhLIh7fO2pYpG3PjZ9NwxObJKj4SxtqWQTNXFiYxGxoyiwHZGFAfmpzcR//LaKYbnfiZUkiJXbLYoTCXBmEx+Jz2hOUM5soQyLeythA2opgxtQoXFEP4njdOy55a960qpejGPIw8HcAjH4MEZVOEKalAHBkN4gCd4dhLn0XlxXmetOWc+sw/f4Lx9AgHKj1Y=</latexit><latexit sha1_base64="GP6ZcQHA37AXKRoiGiFEI4kjiFs=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiAIQpiRgB6DXjxGMAskQ+jp9CRtenqG7hoxDPkILx4U8er3ePNv7CxC3B4UPN6roqpekEhh0HU/nNzS8srqWn69sLG5tb1T3N1rmDjVjNdZLGPdCqjhUiheR4GStxLNaRRI3gyGlxO/ece1EbG6wVHC/Yj2lQgFo2il5n03uz3xxt1iySu7UxD3F/mySjBHrVt87/RilkZcIZPUmLbnJuhnVKNgko8LndTwhLIh7fO2pYpG3PjZ9NwxObJKj4SxtqWQTNXFiYxGxoyiwHZGFAfmpzcR//LaKYbnfiZUkiJXbLYoTCXBmEx+Jz2hOUM5soQyLeythA2opgxtQoXFEP4njdOy55a960qpejGPIw8HcAjH4MEZVOEKalAHBkN4gCd4dhLn0XlxXmetOWc+sw/f4Lx9AgHKj1Y=</latexit>

xj+2
<latexit sha1_base64="M+ARyQp6GlxnRbAThuzTVGMHmcQ=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiAIQpgJgh6DXjxGMAskQ+jp1CRtenqG7h4xDPkILx4U8er3ePNv7CxC3B4UPN6roqpekAiujet+OLml5ZXVtfx6YWNza3unuLvX0HGqGNZZLGLVCqhGwSXWDTcCW4lCGgUCm8HwcuI371BpHssbM0rQj2hf8pAzaqzUvO9mtyeVcbdY8sruFMT9Rb6sEsxR6xbfO72YpRFKwwTVuu25ifEzqgxnAseFTqoxoWxI+9i2VNIItZ9Nzx2TI6v0SBgrW9KQqbo4kdFI61EU2M6ImoH+6U3Ev7x2asJzP+MySQ1KNlsUpoKYmEx+Jz2ukBkxsoQyxe2thA2ooszYhAqLIfxPGpWy55a969NS9WIeRx4O4BCOwYMzqMIV1KAODIbwAE/w7CTOo/PivM5ac858Zh++wXn7BANPj1c=</latexit><latexit sha1_base64="M+ARyQp6GlxnRbAThuzTVGMHmcQ=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiAIQpgJgh6DXjxGMAskQ+jp1CRtenqG7h4xDPkILx4U8er3ePNv7CxC3B4UPN6roqpekAiujet+OLml5ZXVtfx6YWNza3unuLvX0HGqGNZZLGLVCqhGwSXWDTcCW4lCGgUCm8HwcuI371BpHssbM0rQj2hf8pAzaqzUvO9mtyeVcbdY8sruFMT9Rb6sEsxR6xbfO72YpRFKwwTVuu25ifEzqgxnAseFTqoxoWxI+9i2VNIItZ9Nzx2TI6v0SBgrW9KQqbo4kdFI61EU2M6ImoH+6U3Ev7x2asJzP+MySQ1KNlsUpoKYmEx+Jz2ukBkxsoQyxe2thA2ooszYhAqLIfxPGpWy55a969NS9WIeRx4O4BCOwYMzqMIV1KAODIbwAE/w7CTOo/PivM5ac858Zh++wXn7BANPj1c=</latexit><latexit sha1_base64="M+ARyQp6GlxnRbAThuzTVGMHmcQ=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiAIQpgJgh6DXjxGMAskQ+jp1CRtenqG7h4xDPkILx4U8er3ePNv7CxC3B4UPN6roqpekAiujet+OLml5ZXVtfx6YWNza3unuLvX0HGqGNZZLGLVCqhGwSXWDTcCW4lCGgUCm8HwcuI371BpHssbM0rQj2hf8pAzaqzUvO9mtyeVcbdY8sruFMT9Rb6sEsxR6xbfO72YpRFKwwTVuu25ifEzqgxnAseFTqoxoWxI+9i2VNIItZ9Nzx2TI6v0SBgrW9KQqbo4kdFI61EU2M6ImoH+6U3Ev7x2asJzP+MySQ1KNlsUpoKYmEx+Jz2ukBkxsoQyxe2thA2ooszYhAqLIfxPGpWy55a969NS9WIeRx4O4BCOwYMzqMIV1KAODIbwAE/w7CTOo/PivM5ac858Zh++wXn7BANPj1c=</latexit><latexit sha1_base64="M+ARyQp6GlxnRbAThuzTVGMHmcQ=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiAIQpgJgh6DXjxGMAskQ+jp1CRtenqG7h4xDPkILx4U8er3ePNv7CxC3B4UPN6roqpekAiujet+OLml5ZXVtfx6YWNza3unuLvX0HGqGNZZLGLVCqhGwSXWDTcCW4lCGgUCm8HwcuI371BpHssbM0rQj2hf8pAzaqzUvO9mtyeVcbdY8sruFMT9Rb6sEsxR6xbfO72YpRFKwwTVuu25ifEzqgxnAseFTqoxoWxI+9i2VNIItZ9Nzx2TI6v0SBgrW9KQqbo4kdFI61EU2M6ImoH+6U3Ev7x2asJzP+MySQ1KNlsUpoKYmEx+Jz2ukBkxsoQyxe2thA2ooszYhAqLIfxPGpWy55a969NS9WIeRx4O4BCOwYMzqMIV1KAODIbwAE/w7CTOo/PivM5ac858Zh++wXn7BANPj1c=</latexit>

xj�1
<latexit sha1_base64="TAVkKqvN4PnaAuqq8bOsz0BMVe0=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiB4McxIQI9BLx4jmAWSIfR0epI2PT1Dd40YhnyEFw+KePV7vPk3dhYhbg8KHu9VUVUvSKQw6LofTm5peWV1Lb9e2Njc2t4p7u41TJxqxusslrFuBdRwKRSvo0DJW4nmNAokbwbDy4nfvOPaiFjd4CjhfkT7SoSCUbRS876b3Z54426x5JXdKYj7i3xZJZij1i2+d3oxSyOukElqTNtzE/QzqlEwyceFTmp4QtmQ9nnbUkUjbvxseu6YHFmlR8JY21JIpuriREYjY0ZRYDsjigPz05uIf3ntFMNzPxMqSZErNlsUppJgTCa/k57QnKEcWUKZFvZWwgZUU4Y2ocJiCP+TxmnZc8vedaVUvZjHkYcDOIRj8OAMqnAFNagDgyE8wBM8O4nz6Lw4r7PWnDOf2YdvcN4+AQTWj1g=</latexit><latexit sha1_base64="TAVkKqvN4PnaAuqq8bOsz0BMVe0=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiB4McxIQI9BLx4jmAWSIfR0epI2PT1Dd40YhnyEFw+KePV7vPk3dhYhbg8KHu9VUVUvSKQw6LofTm5peWV1Lb9e2Njc2t4p7u41TJxqxusslrFuBdRwKRSvo0DJW4nmNAokbwbDy4nfvOPaiFjd4CjhfkT7SoSCUbRS876b3Z54426x5JXdKYj7i3xZJZij1i2+d3oxSyOukElqTNtzE/QzqlEwyceFTmp4QtmQ9nnbUkUjbvxseu6YHFmlR8JY21JIpuriREYjY0ZRYDsjigPz05uIf3ntFMNzPxMqSZErNlsUppJgTCa/k57QnKEcWUKZFvZWwgZUU4Y2ocJiCP+TxmnZc8vedaVUvZjHkYcDOIRj8OAMqnAFNagDgyE8wBM8O4nz6Lw4r7PWnDOf2YdvcN4+AQTWj1g=</latexit><latexit sha1_base64="TAVkKqvN4PnaAuqq8bOsz0BMVe0=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiB4McxIQI9BLx4jmAWSIfR0epI2PT1Dd40YhnyEFw+KePV7vPk3dhYhbg8KHu9VUVUvSKQw6LofTm5peWV1Lb9e2Njc2t4p7u41TJxqxusslrFuBdRwKRSvo0DJW4nmNAokbwbDy4nfvOPaiFjd4CjhfkT7SoSCUbRS876b3Z54426x5JXdKYj7i3xZJZij1i2+d3oxSyOukElqTNtzE/QzqlEwyceFTmp4QtmQ9nnbUkUjbvxseu6YHFmlR8JY21JIpuriREYjY0ZRYDsjigPz05uIf3ntFMNzPxMqSZErNlsUppJgTCa/k57QnKEcWUKZFvZWwgZUU4Y2ocJiCP+TxmnZc8vedaVUvZjHkYcDOIRj8OAMqnAFNagDgyE8wBM8O4nz6Lw4r7PWnDOf2YdvcN4+AQTWj1g=</latexit><latexit sha1_base64="TAVkKqvN4PnaAuqq8bOsz0BMVe0=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiB4McxIQI9BLx4jmAWSIfR0epI2PT1Dd40YhnyEFw+KePV7vPk3dhYhbg8KHu9VUVUvSKQw6LofTm5peWV1Lb9e2Njc2t4p7u41TJxqxusslrFuBdRwKRSvo0DJW4nmNAokbwbDy4nfvOPaiFjd4CjhfkT7SoSCUbRS876b3Z54426x5JXdKYj7i3xZJZij1i2+d3oxSyOukElqTNtzE/QzqlEwyceFTmp4QtmQ9nnbUkUjbvxseu6YHFmlR8JY21JIpuriREYjY0ZRYDsjigPz05uIf3ntFMNzPxMqSZErNlsUppJgTCa/k57QnKEcWUKZFvZWwgZUU4Y2ocJiCP+TxmnZc8vedaVUvZjHkYcDOIRj8OAMqnAFNagDgyE8wBM8O4nz6Lw4r7PWnDOf2YdvcN4+AQTWj1g=</latexit>

impurity

Sj,j+2
<latexit sha1_base64="g19bcH6tSiuBmVW0MAs+n6q2ypQ=">AAAB8HicdVDJSgNBEK2JW4xb1KOXxiAISpgJgh6DXjxGNIskY+jp9CSddPcM3T1CGPIVXjwo4tXP8ebf2FmEuD0oeLxXRVW9IOZMG9f9cDILi0vLK9nV3Nr6xuZWfnunpqNEEVolEY9UI8CaciZp1TDDaSNWFIuA03owuBj79XuqNIvkjRnG1Be4K1nICDZWur2+S/vH/aPSqJ0veEV3AuT+Il9WAWaotPPvrU5EEkGlIRxr3fTc2PgpVoYRTke5VqJpjMkAd2nTUokF1X46OXiEDqzSQWGkbEmDJur8RIqF1kMR2E6BTU//9MbiX14zMeGZnzIZJ4ZKMl0UJhyZCI2/Rx2mKDF8aAkmitlbEelhhYmxGeXmQ/if1EpFzy16VyeF8vksjizswT4cggenUIZLqEAVCAh4gCd4dpTz6Lw4r9PWjDOb2YVvcN4+Afsoj9s=</latexit><latexit sha1_base64="g19bcH6tSiuBmVW0MAs+n6q2ypQ=">AAAB8HicdVDJSgNBEK2JW4xb1KOXxiAISpgJgh6DXjxGNIskY+jp9CSddPcM3T1CGPIVXjwo4tXP8ebf2FmEuD0oeLxXRVW9IOZMG9f9cDILi0vLK9nV3Nr6xuZWfnunpqNEEVolEY9UI8CaciZp1TDDaSNWFIuA03owuBj79XuqNIvkjRnG1Be4K1nICDZWur2+S/vH/aPSqJ0veEV3AuT+Il9WAWaotPPvrU5EEkGlIRxr3fTc2PgpVoYRTke5VqJpjMkAd2nTUokF1X46OXiEDqzSQWGkbEmDJur8RIqF1kMR2E6BTU//9MbiX14zMeGZnzIZJ4ZKMl0UJhyZCI2/Rx2mKDF8aAkmitlbEelhhYmxGeXmQ/if1EpFzy16VyeF8vksjizswT4cggenUIZLqEAVCAh4gCd4dpTz6Lw4r9PWjDOb2YVvcN4+Afsoj9s=</latexit><latexit sha1_base64="g19bcH6tSiuBmVW0MAs+n6q2ypQ=">AAAB8HicdVDJSgNBEK2JW4xb1KOXxiAISpgJgh6DXjxGNIskY+jp9CSddPcM3T1CGPIVXjwo4tXP8ebf2FmEuD0oeLxXRVW9IOZMG9f9cDILi0vLK9nV3Nr6xuZWfnunpqNEEVolEY9UI8CaciZp1TDDaSNWFIuA03owuBj79XuqNIvkjRnG1Be4K1nICDZWur2+S/vH/aPSqJ0veEV3AuT+Il9WAWaotPPvrU5EEkGlIRxr3fTc2PgpVoYRTke5VqJpjMkAd2nTUokF1X46OXiEDqzSQWGkbEmDJur8RIqF1kMR2E6BTU//9MbiX14zMeGZnzIZJ4ZKMl0UJhyZCI2/Rx2mKDF8aAkmitlbEelhhYmxGeXmQ/if1EpFzy16VyeF8vksjizswT4cggenUIZLqEAVCAh4gCd4dpTz6Lw4r9PWjDOb2YVvcN4+Afsoj9s=</latexit><latexit sha1_base64="g19bcH6tSiuBmVW0MAs+n6q2ypQ=">AAAB8HicdVDJSgNBEK2JW4xb1KOXxiAISpgJgh6DXjxGNIskY+jp9CSddPcM3T1CGPIVXjwo4tXP8ebf2FmEuD0oeLxXRVW9IOZMG9f9cDILi0vLK9nV3Nr6xuZWfnunpqNEEVolEY9UI8CaciZp1TDDaSNWFIuA03owuBj79XuqNIvkjRnG1Be4K1nICDZWur2+S/vH/aPSqJ0veEV3AuT+Il9WAWaotPPvrU5EEkGlIRxr3fTc2PgpVoYRTke5VqJpjMkAd2nTUokF1X46OXiEDqzSQWGkbEmDJur8RIqF1kMR2E6BTU//9MbiX14zMeGZnzIZJ4ZKMl0UJhyZCI2/Rx2mKDF8aAkmitlbEelhhYmxGeXmQ/if1EpFzy16VyeF8vksjizswT4cggenUIZLqEAVCAh4gCd4dpTz6Lw4r9PWjDOb2YVvcN4+Afsoj9s=</latexit>

Sj,0
<latexit sha1_base64="lVoYfBp6XQrWSveEooaoJbDepGQ=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiB4kDAjgh6DXjxGNAskY+jp9CRtenqG7hohDPkILx4U8er3ePNv7CxC3B4UPN6roqpekEhh0HU/nNzC4tLySn61sLa+sblV3N6pmzjVjNdYLGPdDKjhUiheQ4GSNxPNaRRI3ggGF2O/cc+1EbG6wWHC/Yj2lAgFo2ilxvVtdnfkjjrFkld2JyDuL/JllWCGaqf43u7GLI24QiapMS3PTdDPqEbBJB8V2qnhCWUD2uMtSxWNuPGzybkjcmCVLgljbUshmajzExmNjBlGge2MKPbNT28s/uW1UgzP/EyoJEWu2HRRmEqCMRn/TrpCc4ZyaAllWthbCetTTRnahArzIfxP6sdlzy17VyelyvksjjzswT4cggenUIFLqEINGAzgAZ7g2UmcR+fFeZ225pzZzC58g/P2CcdBjzA=</latexit><latexit sha1_base64="lVoYfBp6XQrWSveEooaoJbDepGQ=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiB4kDAjgh6DXjxGNAskY+jp9CRtenqG7hohDPkILx4U8er3ePNv7CxC3B4UPN6roqpekEhh0HU/nNzC4tLySn61sLa+sblV3N6pmzjVjNdYLGPdDKjhUiheQ4GSNxPNaRRI3ggGF2O/cc+1EbG6wWHC/Yj2lAgFo2ilxvVtdnfkjjrFkld2JyDuL/JllWCGaqf43u7GLI24QiapMS3PTdDPqEbBJB8V2qnhCWUD2uMtSxWNuPGzybkjcmCVLgljbUshmajzExmNjBlGge2MKPbNT28s/uW1UgzP/EyoJEWu2HRRmEqCMRn/TrpCc4ZyaAllWthbCetTTRnahArzIfxP6sdlzy17VyelyvksjjzswT4cggenUIFLqEINGAzgAZ7g2UmcR+fFeZ225pzZzC58g/P2CcdBjzA=</latexit><latexit sha1_base64="lVoYfBp6XQrWSveEooaoJbDepGQ=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiB4kDAjgh6DXjxGNAskY+jp9CRtenqG7hohDPkILx4U8er3ePNv7CxC3B4UPN6roqpekEhh0HU/nNzC4tLySn61sLa+sblV3N6pmzjVjNdYLGPdDKjhUiheQ4GSNxPNaRRI3ggGF2O/cc+1EbG6wWHC/Yj2lAgFo2ilxvVtdnfkjjrFkld2JyDuL/JllWCGaqf43u7GLI24QiapMS3PTdDPqEbBJB8V2qnhCWUD2uMtSxWNuPGzybkjcmCVLgljbUshmajzExmNjBlGge2MKPbNT28s/uW1UgzP/EyoJEWu2HRRmEqCMRn/TrpCc4ZyaAllWthbCetTTRnahArzIfxP6sdlzy17VyelyvksjjzswT4cggenUIFLqEINGAzgAZ7g2UmcR+fFeZ225pzZzC58g/P2CcdBjzA=</latexit><latexit sha1_base64="lVoYfBp6XQrWSveEooaoJbDepGQ=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiB4kDAjgh6DXjxGNAskY+jp9CRtenqG7hohDPkILx4U8er3ePNv7CxC3B4UPN6roqpekEhh0HU/nNzC4tLySn61sLa+sblV3N6pmzjVjNdYLGPdDKjhUiheQ4GSNxPNaRRI3ggGF2O/cc+1EbG6wWHC/Yj2lAgFo2ilxvVtdnfkjjrFkld2JyDuL/JllWCGaqf43u7GLI24QiapMS3PTdDPqEbBJB8V2qnhCWUD2uMtSxWNuPGzybkjcmCVLgljbUshmajzExmNjBlGge2MKPbNT28s/uW1UgzP/EyoJEWu2HRRmEqCMRn/TrpCc4ZyaAllWthbCetTTRnahArzIfxP6sdlzy17VyelyvksjjzswT4cggenUIFLqEINGAzgAZ7g2UmcR+fFeZ225pzZzC58g/P2CcdBjzA=</latexit>

Where we divided configuration space into        regions,                       ,  according to the 
ordering 

with
<latexit sha1_base64="HD4mYS7tLxTpPcQhAytub2+5DrY="></latexit>

c0 =
2J

1� 3J2

4

= c ei�, c 2 R



The Bethe Ansatz Equations
• Diagonalizing the transfer matrix by means of the Scattering  technique, 

we obtain:  (for a state with       spins down and                 spins up)

• Where:

<latexit sha1_base64="SUA7j0nehqnV+w5Fwk5r2gaeg0A="></latexit>

eikjL =
MY

�=1

⇤� � 1 + ic/2

⇤� � 1� ic/2

MY

�=1,� 6=�

⇤� � ⇤� + ic

⇤� � ⇤� � ic
=

✓
⇤� � 1� i c2
⇤� � 1 + i c2

◆Ne  
⇤� � 1 + e�i� � i c2
⇤� � 1 + e�i� + i c2

!
Impurity term: it drives the        roots 
to complex values

• The allowed momenta
<latexit sha1_base64="kTYegJHXQ/zgFAHnkL2la6SyfWQ="></latexit>

kj =
2⇡

L
nj +

i

L

MX

�=1

log
⇤� � 1 + ic/2

⇤� � 1� ic/2

<latexit sha1_base64="ASjT2Yz2xOq/AqQ2C1DRg1v6y+8=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BL16EBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDvzW0+oNI/lgxkn6Ed0IHnIGTVWqt/3iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkuZF2bssV+qVUvUmiyMPJ3AK5+DBFVThDmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP6f7jNo=</latexit>

M Is the number of down spins 
<latexit sha1_base64="3QBosyIdY4xyHTnm67tPMpR907Q=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBC8GHYlqMegFy9KRPOAZAmzk0kyZHZ2mekVwpJP8OJBEa9+kTf/xkmyB00saCiquunuCmIpDLrut7O0vLK6tp7byG9ube/sFvb26yZKNOM1FslINwNquBSK11Cg5M1YcxoGkjeC4fXEbzxxbUSkHnEUcz+kfSV6glG00sPd6W2nUHRL7hRkkXgZKUKGaqfw1e5GLAm5QiapMS3PjdFPqUbBJB/n24nhMWVD2uctSxUNufHT6aljcmyVLulF2pZCMlV/T6Q0NGYUBrYzpDgw895E/M9rJdi79FOh4gS5YrNFvUQSjMjkb9IVmjOUI0so08LeStiAasrQppO3IXjzLy+S+lnJOy+V78vFylUWRw4O4QhOwIMLqMANVKEGDPrwDK/w5kjnxXl3PmatS042cwB/4Hz+AK0JjWk=</latexit>

N �M The number of up spins

<latexit sha1_base64="W/YVM0eSF0C1s6NAXKFjLbRDwJk=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSLUgzUpRb0IRS9elIr2A9tQNttNu3SzCbsboYT+Cy8eFPHqv/Hmv3Hb5qCtDwYe780wM8+LOFPatr+thcWl5ZXVzFp2fWNzazu3s1tXYSwJrZGQh7LpYUU5E7Smmea0GUmKA4/Thje4GvuNJyoVC8WDHkbUDXBPMJ8RrI30eH9RuD0u3RydlDq5vF20J0DzxElJHlJUO7mvdjckcUCFJhwr1XLsSLsJlpoRTkfZdqxohMkA92jLUIEDqtxkcvEIHRqli/xQmhIaTdTfEwkOlBoGnukMsO6rWW8s/ue1Yu2fuwkTUaypINNFfsyRDtH4fdRlkhLNh4ZgIpm5FZE+lphoE1LWhODMvjxP6qWic1os35Xzlcs0jgzswwEUwIEzqMA1VKEGBAQ8wyu8Wcp6sd6tj2nrgpXO7MEfWJ8/7Y+PIw==</latexit>

S = (N � 2M)/2 The total spin

<latexit sha1_base64="AF3nMLG/4mekPQLd6IxZ4I5Coo8=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5JIUZdFNy5cVLAPaEK4mUzaoTNJmJkItfRL3LhQxK2f4s6/cdpmoa0HBg7nnMu9c8KMM6Ud59sqra1vbG6Vtys7u3v7VfvgsKPSXBLaJilPZS8ERTlLaFszzWkvkxREyGk3HN3M/O4jlYqlyYMeZ9QXMEhYzAhoIwV21bsz4QgCbwBCAA7smlN35sCrxC1IDRVoBfaXF6UkFzTRhINSfdfJtD8BqRnhdFrxckUzICMY0L6hCQiq/Mn88Ck+NUqE41Sal2g8V39PTEAoNRahSQrQQ7XszcT/vH6u4yt/wpIs1zQhi0VxzrFO8awFHDFJieZjQ4BIZm7FZAgSiDZdVUwJ7vKXV0nnvO5e1Bv3jVrzuqijjI7RCTpDLrpETXSLWqiNCMrRM3pFb9aT9WK9Wx+LaMkqZo7QH1ifPyaEksU=</latexit>

⇤�

<latexit sha1_base64="PF84TgnZd6Yolf4y4O9MElU0BXU=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBAEIexKUC9C0IunEME8IFnD7KQ3GTL7cGZWCEt+wosHRbz6O978GyfJHjSxoKGo6qa7y4sFV9q2v62l5ZXVtfXcRn5za3tnt7C331BRIhnWWSQi2fKoQsFDrGuuBbZiiTTwBDa94c3Ebz6hVDwK7/UoRjeg/ZD7nFFtpFb1qvqA5NTpFop2yZ6CLBInI0XIUOsWvjq9iCUBhpoJqlTbsWPtplRqzgSO851EYUzZkPaxbWhIA1RuOr13TI6N0iN+JE2FmkzV3xMpDZQaBZ7pDKgeqHlvIv7ntRPtX7opD+NEY8hmi/xEEB2RyfOkxyUyLUaGUCa5uZWwAZWUaRNR3oTgzL+8SBpnJee8VL4rFyvXWRw5OIQjOAEHLqACt1CDOjAQ8Ayv8GY9Wi/Wu/Uxa12yspkD+APr8wdqcY7r</latexit>

N = Ne + 1 Number of spins

- The phase      plays a central role:
 it determines the coupling to environment
- For                  one obtains the Hermitian BA eqns 

<latexit sha1_base64="hpnySaJh+/CAhHti5mNvHw101yA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkVI9FLx4r2A9oQ9lsN83S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfoA15UzSjmGG036iKBYBp71gepf7vSeqNIvlo5kl1Bd4IlnICDa5NEwiNqrW3Lq7AFonXkFqUKA9qn4NxzFJBZWGcKz1wHMT42dYGUY4nVeGqaYJJlM8oQNLJRZU+9ni1jm6sMoYhbGyJQ1aqL8nMiy0nonAdgpsIr3q5eJ/3iA14Y2fMZmkhkqyXBSmHJkY5Y+jMVOUGD6zBBPF7K2IRFhhYmw8FRuCt/ryOule1b1mvfHQqLVuizjKcAbncAkeXEML7qENHSAQwTO8wpsjnBfn3flYtpacYuYU/sD5/AEWdo5I</latexit>

�

<latexit sha1_base64="ASjT2Yz2xOq/AqQ2C1DRg1v6y+8=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BL16EBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDvzW0+oNI/lgxkn6Ed0IHnIGTVWqt/3iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkuZF2bssV+qVUvUmiyMPJ3AK5+DBFVThDmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP6f7jNo=</latexit>

M

<latexit sha1_base64="3QBosyIdY4xyHTnm67tPMpR907Q=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBC8GHYlqMegFy9KRPOAZAmzk0kyZHZ2mekVwpJP8OJBEa9+kTf/xkmyB00saCiquunuCmIpDLrut7O0vLK6tp7byG9ube/sFvb26yZKNOM1FslINwNquBSK11Cg5M1YcxoGkjeC4fXEbzxxbUSkHnEUcz+kfSV6glG00sPd6W2nUHRL7hRkkXgZKUKGaqfw1e5GLAm5QiapMS3PjdFPqUbBJB/n24nhMWVD2uctSxUNufHT6aljcmyVLulF2pZCMlV/T6Q0NGYUBrYzpDgw895E/M9rJdi79FOh4gS5YrNFvUQSjMjkb9IVmjOUI0so08LeStiAasrQppO3IXjzLy+S+lnJOy+V78vFylUWRw4O4QhOwIMLqMANVKEGDPrwDK/w5kjnxXl3PmatS042cwB/4Hz+AK0JjWk=</latexit>

N �M

Solution Expressed  in terms of  M spin - momenta:
<latexit sha1_base64="FpX2F15W9oeg/Da9qvK1soNL0CE=">AAACCHicbVDLSgMxFM3UV62vUZcuDBbBVZmRoi6LblwoVLAP6AxDJpNpQzPJkGSEUrp046+4caGIWz/BnX9jpp2Fth4IHM45l5t7wpRRpR3n2yotLa+srpXXKxubW9s79u5eW4lMYtLCggnZDZEijHLS0lQz0k0lQUnISCccXuV+54FIRQW/16OU+AnqcxpTjLSRAvvQuzHhCAUuhNDDkdAK5qxQbwO76tScKeAicQtSBQWagf3lRQJnCeEaM6RUz3VS7Y+R1BQzMql4mSIpwkPUJz1DOUqI8sfTQybw2CgRjIU0j2s4VX9PjFGi1CgJTTJBeqDmvVz8z+tlOr7wx5SnmSYczxbFGYNawLwVGFFJsGYjQxCW1PwV4gGSCGvTXcWU4M6fvEjapzX3rFa/q1cbl0UdZXAAjsAJcME5aIBr0AQtgMEjeAav4M16sl6sd+tjFi1Zxcw++APr8wd065e5</latexit>

⇤1 · · ·⇤M

<latexit sha1_base64="3mCiQN6R+gphxZBRUwjH+9FPKwE=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ9OKxgv2ANpTNdtMu3Wzi7kQooX/CiwdFvPp3vPlv3LY5aOuDgcd7M8zMCxIpDLrut1NYWV1b3yhulra2d3b3yvsHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Hbqt564NiJWDzhOuB/RgRKhYBSt1O4mQ0HItdsrV9yqOwNZJl5OKpCj3it/dfsxSyOukElqTMdzE/QzqlEwySelbmp4QtmIDnjHUkUjbvxsdu+EnFilT8JY21JIZurviYxGxoyjwHZGFIdm0ZuK/3mdFMMrPxMqSZErNl8UppJgTKbPk77QnKEcW0KZFvZWwoZUU4Y2opINwVt8eZk0z6reRfX8/rxSu8njKMIRHMMpeHAJNbiDOjSAgYRneIU359F5cd6dj3lrwclnDuEPnM8ft76PHQ==</latexit>

� = 0

<latexit sha1_base64="ASjT2Yz2xOq/AqQ2C1DRg1v6y+8=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BL16EBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDvzW0+oNI/lgxkn6Ed0IHnIGTVWqt/3iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkuZF2bssV+qVUvUmiyMPJ3AK5+DBFVThDmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP6f7jNo=</latexit>

M
<latexit sha1_base64="3QBosyIdY4xyHTnm67tPMpR907Q=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBC8GHYlqMegFy9KRPOAZAmzk0kyZHZ2mekVwpJP8OJBEa9+kTf/xkmyB00saCiquunuCmIpDLrut7O0vLK6tp7byG9ube/sFvb26yZKNOM1FslINwNquBSK11Cg5M1YcxoGkjeC4fXEbzxxbUSkHnEUcz+kfSV6glG00sPd6W2nUHRL7hRkkXgZKUKGaqfw1e5GLAm5QiapMS3PjdFPqUbBJB/n24nhMWVD2uctSxUNufHT6aljcmyVLulF2pZCMlV/T6Q0NGYUBrYzpDgw895E/M9rJdi79FOh4gS5YrNFvUQSjMjkb9IVmjOUI0so08LeStiAasrQppO3IXjzLy+S+lnJOy+V78vFylUWRw4O4QhOwIMLqMANVKEGDPrwDK/w5kjnxXl3PmatS042cwB/4Hz+AK0JjWk=</latexit>

N �M

<latexit sha1_base64="uJdZAZSj2i4H4zHnDKehKPnd/aE="></latexit>

2J

1� 3J2

4

= c ei�, c 2 R

Note: The                       are complex  for                   
and so  also         are complex

<latexit sha1_base64="FpX2F15W9oeg/Da9qvK1soNL0CE=">AAACCHicbVDLSgMxFM3UV62vUZcuDBbBVZmRoi6LblwoVLAP6AxDJpNpQzPJkGSEUrp046+4caGIWz/BnX9jpp2Fth4IHM45l5t7wpRRpR3n2yotLa+srpXXKxubW9s79u5eW4lMYtLCggnZDZEijHLS0lQz0k0lQUnISCccXuV+54FIRQW/16OU+AnqcxpTjLSRAvvQuzHhCAUuhNDDkdAK5qxQbwO76tScKeAicQtSBQWagf3lRQJnCeEaM6RUz3VS7Y+R1BQzMql4mSIpwkPUJz1DOUqI8sfTQybw2CgRjIU0j2s4VX9PjFGi1CgJTTJBeqDmvVz8z+tlOr7wx5SnmSYczxbFGYNawLwVGFFJsGYjQxCW1PwV4gGSCGvTXcWU4M6fvEjapzX3rFa/q1cbl0UdZXAAjsAJcME5aIBr0AQtgMEjeAav4M16sl6sd+tjFi1Zxcw++APr8wd065e5</latexit>

⇤1 · · ·⇤M

<latexit sha1_base64="zj8waPIHwsxisSL0p2l0i+XWbZk=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0mkqMeiF48V7AckoWy2k3bpZjfuboQS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8KOVMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WmKLSp5FL1IqKBMwFtwwyHXqqAJBGHbjS+nfndJ1CaSfFgJimECRkKFjNKjJX8IB0xHAh4xG6/WnPr7hx4lXgFqaECrX71KxhImiUgDOVEa99zUxPmRBlGOUwrQaYhJXRMhuBbKkgCOsznJ0/xmVUGOJbKljB4rv6eyEmi9SSJbGdCzEgvezPxP8/PTHwd5kykmQFBF4vijGMj8ex/PGAKqOETSwhVzN6K6YgoQo1NqWJD8JZfXiWdi7p3WW/cN2rNmyKOMjpBp+gceegKNdEdaqE2okiiZ/SK3hzjvDjvzseiteQUM8foD5zPH0tCkJ4=</latexit>

� 6= 0
<latexit sha1_base64="V+haeZLkjLeeP7oG2vjfc/dBnlw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbTbt2swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuLaiFg94DjhfkQHSoSCUbTS/aj32CtX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26oScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uwys/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadkg3BW3x5mTTPqt5F9fzuvFK7zuMowhEcwyl4cAk1uIU6NIDBAJ7hFd4c6bw4787HvLXg5DOH8AfO5w9RNI3V</latexit>

kj



The Energy
• The energy:

<latexit sha1_base64="0JeqbJ8gI2Ag7MlIm9RNQlxFIkU="></latexit>

E =
X

j

kj =
2⇡

L

X
nj + i

N

L

MX

�=1

log
⇤� � 1 + ic/2

⇤� � 1� ic/2

- The  spin momenta         solutions of the BAE  determine the spin dynamics :       
<latexit sha1_base64="dRGHbUnvVJ0tmXcb6cTYLV+JA0E=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdVl048JFBfuAJoSbyaQdOpOEmUmhhP6JGxeKuPVP3Pk3TtsstPXAwOGcc7l3TphxprTjfFuVtfWNza3qdm1nd2//wD486qg0l4S2ScpT2QtBUc4S2tZMc9rLJAURctoNR3czvzumUrE0edKTjPoCBgmLGQFtpMC2vQcTjiAovAEIAdPArjsNZw68StyS1FGJVmB/eVFKckETTTgo1XedTPsFSM0Ip9OalyuaARnBgPYNTUBQ5Rfzy6f4zCgRjlNpXqLxXP09UYBQaiJCkxSgh2rZm4n/ef1cxzd+wZIs1zQhi0VxzrFO8awGHDFJieYTQ4BIZm7FZAgSiDZl1UwJ7vKXV0nnouFeNS4fL+vN27KOKjpBp+gcuegaNdE9aqE2ImiMntErerMK68V6tz4W0YpVzhyjP7A+fwCZa5On</latexit>

⇤�

- The charge quantum numbers           satisfy          <latexit sha1_base64="xOuNauupwmCGHFK7jKfppL2Vsb8=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae0oWy2m3bt7ibsboQS+he8eFDEq3/Im//GTZqDtj4YeLw3w8y8IOZMG9f9dkpr6xubW+Xtys7u3v5B9fCoo6NEEdomEY9UL8CaciZp2zDDaS9WFIuA024wvc387hNVmkXywcxi6gs8lixkBJtMQnL4OKzW3LqbA60SryA1KNAaVr8Go4gkgkpDONa677mx8VOsDCOcziuDRNMYkyke076lEguq/TS/dY7OrDJCYaRsSYNy9fdEioXWMxHYToHNRC97mfif109MeO2nTMaJoZIsFoUJRyZC2eNoxBQlhs8swUQxeysiE6wwMTaeig3BW355lXQu6t5lvXHfqDVvijjKcAKncA4eXEET7qAFbSAwgWd4hTdHOC/Ou/OxaC05xcwx/IHz+QOrjo4C</latexit>nj

• Take the thermodynamic limit:
<latexit sha1_base64="CefnkFd0/Sj5W2S+Cz+IOVALk9E="></latexit>

N ! 1, L ! 1 holding D fixed

• The the scaling limit (Universality)
<latexit sha1_base64="ZL9ODsWnvlQyGj135m00Aoyy+aw=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BPXiMYB6QLGF2MpsMmZ1dZ3oDIeQ7vHhQxKsf482/cZLsQRMLGoqqbrq7gkQKg6777eTW1jc2t/LbhZ3dvf2D4uFRw8SpZrzOYhnrVkANl0LxOgqUvJVoTqNA8mYwvJ35zRHXRsTqEccJ9yPaVyIUjKKVfHJHOhiTjlAhjrvFklt25yCrxMtICTLUusWvTi9macQVMkmNaXtugv6EahRM8mmhkxqeUDakfd62VNGIG38yP3pKzqzSI2GsbSkkc/X3xIRGxoyjwHZGFAdm2ZuJ/3ntFMNrfyJUkiJXbLEoTCWxf84SID2hOUM5toQyLeythA2opgxtTgUbgrf88ippXJS9y3LloVKq3mRx5OEETuEcPLiCKtxDDerA4Ame4RXenJHz4rw7H4vWnJPNHMMfOJ8/tGKRbg==</latexit>

D ! 1

<latexit sha1_base64="s2Zu958VRjgnnpQkDt6oIpLgPlc="></latexit>

MY

�=1,� 6=�

⇤� � ⇤� + ic

⇤� � ⇤� � ic
=

✓
⇤� � 1� i c2
⇤� � 1 + i c2

◆Ne ✓
⇤� � 1 + cos(�) + i sin(�)� i c2
⇤� � 1 + cos(�) + i sin(�) + i c2

◆

- Charge-spin decoupling

<latexit sha1_base64="Zm4fbonfOuvjkzq2eWyvHJo0H6k=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCG0tSirosunEhUsE+oIllMr1ph04ezEyEErPwV9y4UMStv+HOv3HaZqGtBy4czrmXe+/xYs6ksqxvY2FxaXlltbBWXN/Y3No2d3abMkoEhQaNeCTaHpHAWQgNxRSHdiyABB6Hlje8HPutBxCSReGdGsXgBqQfMp9RorTUNffxieMLQtMKdmKWpdcZvrkH3DVLVtmaAM8TOycllKPeNb+cXkSTAEJFOZGyY1uxclMiFKMcsqKTSIgJHZI+dDQNSQDSTSf3Z/hIKz3sR0JXqPBE/T2RkkDKUeDpzoCogZz1xuJ/XidR/rmbsjBOFIR0ushPOFYRHoeBe0wAVXykCaGC6VsxHRAdh9KRFXUI9uzL86RZKdun5epttVS7yOMooAN0iI6Rjc5QDV2hOmogih7RM3pFb8aT8WK8Gx/T1gUjn9lDf2B8/gAkV5Tp</latexit>

�2⇡

L
Ne

<latexit sha1_base64="EHoPrWU6E/7J6ksLqmlpvmIYFnM=">AAACInicbVDLSgMxFM3UV62vqks3wSK4scyU4mMhFHXhQqSCbYVOLZn0ThubyQxJRihDv8WNv+LGhaKuBD/G9CFo64HA4ZxzubnHizhT2rY/rdTM7Nz8Qnoxs7S8srqWXd+oqjCWFCo05KG88YgCzgRUNNMcbiIJJPA41Lzu6cCv3YNULBTXuhdBIyBtwXxGiTZSM3uEXV8SmhSwGzGMRfOun1z0sdsGvDfSzvDxDx1FL29hkGlmc3beHgJPE2dMcmiMcjP77rZCGgcgNOVEqbpjR7qREKkZ5dDPuLGCiNAuaUPdUEECUI1keGIf7xilhf1Qmic0Hqq/JxISKNULPJMMiO6oSW8g/ufVY+0fNhImoliDoKNFfsyxDvGgL9xiEqjmPUMIlcz8FdMOMT1o02rGlOBMnjxNqoW8s58vXhVzpZNxHWm0hbbRLnLQASqhc1RGFUTRA3pCL+jVerSerTfrYxRNWeOZTfQH1tc3remhVg==</latexit>

2⇡nj

L
� �2⇡D = �2⇡

Ne

L

<latexit sha1_base64="SvEw9j+G6/nNSZebhlvQwRvlSiI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptsvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfAeMvQ==</latexit>

0

The impurity termFree electrons term

Spin  partCharge part

Energies are complex , since                   
are complex  for                   

<latexit sha1_base64="FpX2F15W9oeg/Da9qvK1soNL0CE=">AAACCHicbVDLSgMxFM3UV62vUZcuDBbBVZmRoi6LblwoVLAP6AxDJpNpQzPJkGSEUrp046+4caGIWz/BnX9jpp2Fth4IHM45l5t7wpRRpR3n2yotLa+srpXXKxubW9s79u5eW4lMYtLCggnZDZEijHLS0lQz0k0lQUnISCccXuV+54FIRQW/16OU+AnqcxpTjLSRAvvQuzHhCAUuhNDDkdAK5qxQbwO76tScKeAicQtSBQWagf3lRQJnCeEaM6RUz3VS7Y+R1BQzMql4mSIpwkPUJz1DOUqI8sfTQybw2CgRjIU0j2s4VX9PjFGi1CgJTTJBeqDmvVz8z+tlOr7wx5SnmSYczxbFGYNawLwVGFFJsGYjQxCW1PwV4gGSCGvTXcWU4M6fvEjapzX3rFa/q1cbl0UdZXAAjsAJcME5aIBr0AQtgMEjeAav4M16sl6sd+tjFi1Zxcw++APr8wd065e5</latexit>

⇤1 · · ·⇤M
<latexit sha1_base64="zj8waPIHwsxisSL0p2l0i+XWbZk=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0mkqMeiF48V7AckoWy2k3bpZjfuboQS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8KOVMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WmKLSp5FL1IqKBMwFtwwyHXqqAJBGHbjS+nfndJ1CaSfFgJimECRkKFjNKjJX8IB0xHAh4xG6/WnPr7hx4lXgFqaECrX71KxhImiUgDOVEa99zUxPmRBlGOUwrQaYhJXRMhuBbKkgCOsznJ0/xmVUGOJbKljB4rv6eyEmi9SSJbGdCzEgvezPxP8/PTHwd5kykmQFBF4vijGMj8ex/PGAKqOETSwhVzN6K6YgoQo1NqWJD8JZfXiWdi7p3WW/cN2rNmyKOMjpBp+gceegKNdEdaqE2okiiZ/SK3hzjvDjvzseiteQUM8foD5zPH0tCkJ4=</latexit>

� 6= 0



Solutions of the BAE:   the dense set      and the bound mode

• For large      the roots        fall close to the real line to order              forming a dense set <latexit sha1_base64="3/4YisKq/bnccaEY7EkdQlpA6Eg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BL54kAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c781hMqzWP5YMYJ+hEdSB5yRo2V6ve9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCa3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpHlR9i7LlXqlVL3J4sjDCZzCOXhwBVW4gxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD6l/jNs=</latexit>

N
<latexit sha1_base64="QKkTl5VtqofjmWEQSiGLY65Q9Nc=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSJ4qrulqMeiF09SwW0L7VqyabYNzSZLkhXK0t/gxYMiXv1B3vw3pu0etPXBwOO9GWbmhQln2rjut7Oyura+sVnYKm7v7O7tlw4Om1qmilCfSC5VO8Saciaob5jhtJ0oiuOQ01Y4upn6rSeqNJPiwYwTGsR4IFjECDZW8r3zu8dqr1R2K+4MaJl4OSlDjkav9NXtS5LGVBjCsdYdz01MkGFlGOF0UuymmiaYjPCAdiwVOKY6yGbHTtCpVfooksqWMGim/p7IcKz1OA5tZ4zNUC96U/E/r5Oa6CrImEhSQwWZL4pSjoxE089RnylKDB9bgoli9lZEhlhhYmw+RRuCt/jyMmlWK95FpXZfK9ev8zgKcAwncAYeXEIdbqEBPhBg8Ayv8OYI58V5dz7mrStOPnMEf+B8/gCrRI3z</latexit>

1/N2

Numerical solution:              
the Bethe roots are 
driven to the real line
as 

<latexit sha1_base64="0knFjPAtT4up4wD3jPtTP82IYis=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5JIUZdFNy5cVLAPaEK4mUzaoTNJmJkItfRL3LhQxK2f4s6/cdpmoa0HBg7nnMu9c8KMM6Ud59sqra1vbG6Vtys7u3v7VfvgsKPSXBLaJilPZS8ERTlLaFszzWkvkxREyGk3HN3M/O4jlYqlyYMeZ9QXMEhYzAhoIwV2FXt3Jh1B4A1ACAjsmlN35sCrxC1IDRVoBfaXF6UkFzTRhINSfdfJtD8BqRnhdFrxckUzICMY0L6hCQiq/Mn88Ck+NUqE41Sal2g8V39PTEAoNRahSQrQQ7XszcT/vH6u4yt/wpIs1zQhi0VxzrFO8awFHDFJieZjQ4BIZm7FZAgSiDZdVUwJ7vKXV0nnvO5e1Bv3jVrzuqijjI7RCTpDLrpETXSLWqiNCMrRM3pFb9aT9WK9Wx+LaMkqZo7QH1ifPyLpksU=</latexit>

⇤�

• The impurity term determines the nature of the solutions according to  value of  

Impurity term  (not a phase)

<latexit sha1_base64="8uSnNi0xmGmroCTlKBZZqnOaXSE=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqexKUY/FXjxWsLXQLiWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o8La+sbmVnG7tLO7t39QPjxqG5VqylpUCaU7ITFMcMlallvBOolmJA4FewjHjZn/8MS04Ure20nCgpgMJY84JdZJ7R4lAjf65YpX9ebAq8TPSQVyNPvlr95A0TRm0lJBjOn6XmKDjGjLqWDTUi81LCF0TIas66gkMTNBNr92is+cMsCR0q6kxXP190RGYmMmceg6Y2JHZtmbif953dRG10HGZZJaJuliUZQKbBWevY4HXDNqxcQRQjV3t2I6IppQ6wIquRD85ZdXSfui6l9Wa3e1Sv0mj6MIJ3AK5+DDFdThFprQAgqP8Ayv8IYUekHv6GPRWkD5zDH8Afr8Ad+rjq4=</latexit>

C

• Also have isolated solution:  Impurity string                                 -  denotes a local Bound mode

<latexit sha1_base64="s2Zu958VRjgnnpQkDt6oIpLgPlc="></latexit>

MY

�=1,� 6=�

⇤� � ⇤� + ic

⇤� � ⇤� � ic
=

✓
⇤� � 1� i c2
⇤� � 1 + i c2

◆Ne ✓
⇤� � 1 + cos(�) + i sin(�)� i c2
⇤� � 1 + cos(�) + i sin(�) + i c2

◆

<latexit sha1_base64="CdiaMED0E7miRjJ1ovwcOvB5YH4=">AAACEnicbVDLSsNAFJ3UV62vqEs3g0XQRUtSiroRim4UXFS0D2himEwm7dDJg5mJUEK+wY2/4saFIm5dufNvnLZZaOuBgcM553LnHjdmVEjD+NYKC4tLyyvF1dLa+sbmlr690xZRwjFp4YhFvOsiQRgNSUtSyUg35gQFLiMdd3gx9jsPhAsahXdyFBM7QP2Q+hQjqSRHP7KuVdhDTnp1m51Bs2L5HOGU4iytZbACyX1aoVY8oJmjl42qMQGcJ2ZOyiBH09G/LC/CSUBCiRkSomcasbRTxCXFjGQlKxEkRniI+qSnaIgCIux0clIGD5TiQT/i6oUSTtTfEykKhBgFrkoGSA7ErDcW//N6ifRP7ZSGcSJJiKeL/IRBGcFxP9CjnGDJRoogzKn6K8QDpDqRqsWSKsGcPXmetGtV87hav6mXG+d5HUWwB/bBITDBCWiAS9AELYDBI3gGr+BNe9JetHftYxotaPnMLvgD7fMHpgac2g==</latexit>

⇤IS = 1� ic

2
� e�i�

• When impurity Bound mode is occupied        ,  when unoccupied    
<latexit sha1_base64="G3bhdEsoNgSicUG6YEVSulZ29lw=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpq20oWy2k3bpZhN2N0Kp/RVePCji1Z/jzX/jts1BWx8MPN6bYWZemAqujet+O4WV1bX1jeJmaWt7Z3evvH/Q0EmmGPosEYlqhVSj4BJ9w43AVqqQxqHAZji8mfrNR1SaJ/LejFIMYtqXPOKMGis9PPkdRWVfYLdccavuDGSZeDmpQI56t/zV6SUsi1EaJqjWbc9NTTCmynAmcFLqZBpTyoa0j21LJY1RB+PZwRNyYpUeiRJlSxoyU39PjGms9SgObWdMzUAvelPxP6+dmegqGHOZZgYlmy+KMkFMQqbfkx5XyIwYWUKZ4vZWwgZUUWZsRiUbgrf48jJpnFW9i+r53Xmldp3HUYQjOIZT8OASanALdfCBQQzP8ApvjnJenHfnY95acPKZQ/gD5/MH8S6Qgw==</latexit>

|Ui<latexit sha1_base64="0qSj3g8dejqFYzRsh2HDhYwBiIs=">AAAB8HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY8ELx4xkYeBDZkdGpgwO7uZmTUhK1/hxYPGePVzvPk3DrAHBSvppFLVne6uIBZcG9f9dnJr6xubW/ntws7u3v5B8fCoqaNEMWywSESqHVCNgktsGG4EtmOFNAwEtoLxzcxvPaLSPJL3ZhKjH9Kh5APOqLHSw1Otq6gcCuwVS27ZnYOsEi8jJchQ7xW/uv2IJSFKwwTVuuO5sfFTqgxnAqeFbqIxpmxMh9ixVNIQtZ/OD56SM6v0ySBStqQhc/X3REpDrSdhYDtDakZ62ZuJ/3mdxAyu/ZTLODEo2WLRIBHERGT2PelzhcyIiSWUKW5vJWxEFWXGZlSwIXjLL6+S5kXZuyxX7iqlai2LIw8ncArn4MEVVOEW6tAABiE8wyu8Ocp5cd6dj0VrzslmjuEPnM8f092QcA==</latexit>

|Bi

<latexit sha1_base64="rLwNGsNs4eXj8vRm8vg1m2zNu5k=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF09SwX5AE8pmu2mXbjZhdyKU0r/hxYMiXv0z3vw3btsctPXBwOO9GWbmhakUBl332ymsrW9sbhW3Szu7e/sH5cOjlkkyzXiTJTLRnZAaLoXiTRQoeSfVnMah5O1wdDvz209cG5GoRxynPIjpQIlIMIpW8u+JjwnxhYpw3CtX3Ko7B1klXk4qkKPRK3/5/YRlMVfIJDWm67kpBhOqUTDJpyU/MzylbEQHvGupojE3wWR+85ScWaVPokTbUkjm6u+JCY2NGceh7YwpDs2yNxP/87oZRtfBRKg0Q67YYlGUSWL/nAVA+kJzhnJsCWVa2FsJG1JNGdqYSjYEb/nlVdK6qHqX1dpDrVK/yeMowgmcwjl4cAV1uIMGNIFBCs/wCm9O5rw4787HorXg5DPH8AfO5w9s/pFO</latexit>

N ! 1

<latexit sha1_base64="92/Xz2Gyake5xk4luX0QeQfCIvA=">AAAB7XicdVDLSgMxFL1TX7W+qi7dBIvgapgppbosduOygn1AO5RMmmljM8mQZIQy9B/cuFDErf/jzr8x01ZQ0QMhh3Pu5d57woQzbTzvwymsrW9sbhW3Szu7e/sH5cOjjpapIrRNJJeqF2JNORO0bZjhtJcoiuOQ0244beZ+954qzaS4NbOEBjEeCxYxgo2VOgOCOWoOyxXPrXsWPvLcWv5XLakuFd/1FqjACq1h+X0wkiSNqTCEY637vpeYIMPKMMLpvDRINU0wmeIx7VsqcEx1kC22naMzq4xQJJV9wqCF+r0jw7HWszi0lTE2E/3by8W/vH5qossgYyJJDRVkOShKOTIS5aejEVOUGD6zBBPF7K6ITLDCxNiASjaEr0vR/6RTdf26W7upVRpXqziKcAKncA4+XEADrqEFbSBwBw/wBM+OdB6dF+d1WVpwVj3H8APO2yf4fI6/</latexit>

C

<latexit sha1_base64="c6gwi34jj2OA8YmyYXMsrH0h7bE=">AAACAnicbZDLSsNAFIYn9VbrLepK3AwWwVVNpKgboejGZQV7gSaUk+mkHTqZhJmJUEJx46u4caGIW5/CnW/jtM1CW38Y+PjPOZw5f5BwprTjfFuFpeWV1bXiemljc2t7x97da6o4lYQ2SMxj2Q5AUc4EbWimOW0nkkIUcNoKhjeTeuuBSsVica9HCfUj6AsWMgLaWF37AHvAkwHgK+wlDHuKCQMDdkq6dtmpOFPhRXBzKKNc9a795fVikkZUaMJBqY7rJNrPQGpGOB2XvFTRBMgQ+rRjUEBElZ9NTxjjY+P0cBhL84TGU/f3RAaRUqMoMJ0R6IGar03M/2qdVIeXfsZEkmoqyGxRmHKsYzzJA/eYpETzkQEgkpm/YjIACUSb1EomBHf+5EVonlXc80r1rlquXedxFNEhOkInyEUXqIZuUR01EEGP6Bm9ojfryXqx3q2PWWvBymf20R9Znz8UY5X3</latexit>

↵ = ⇡ sin�/c



The RG invariant scales and the Phase Diagram

• The model is characterized by two RG invariants:

• Equivalently the complex Kondo scale
<latexit sha1_base64="cInNTbwOyEg1JOESAuF1dEATrrI=">AAACD3icbVDLSsNAFJ3UV62vqEs3g8XHQmtSiropFHUhuKnQFzQ1TKaTdujkwcxEKCF/4MZfceNCEbdu3fk3Ttos1HrgwuGce7n3HidkVEjD+NJyc/MLi0v55cLK6tr6hr651RJBxDFp4oAFvOMgQRj1SVNSyUgn5AR5DiNtZ3SZ+u17wgUN/IYch6TnoYFPXYqRVJKt7zdsowrLV5DcxcdWSE/wQVKFDfsmFSi0EAuHKDmy9aJRMiaAs8TMSBFkqNv6p9UPcOQRX2KGhOiaRih7MeKSYkaSghUJEiI8QgPSVdRHHhG9ePJPAveU0oduwFX5Ek7UnxMx8oQYe47q9JAcir9eKv7ndSPpnvdi6oeRJD6eLnIjBmUA03Bgn3KCJRsrgjCn6laIh4gjLFWEBRWC+fflWdIql8zTUuW2UqxdZHHkwQ7YBYfABGegBq5BHTQBBg/gCbyAV+1Re9betPdpa07LZrbBL2gf3/5Bmik=</latexit>

T0 = 2De�⇡/c0 = TKei↵,

• The parameter        determines the phase diagram<latexit sha1_base64="RgPz6vMt/LX+8NQZ5ghGd0FQrr8=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ie0oUy2m3bpbhJ2N0IJ/RVePCji1Z/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkesabgRrJMohjIQrB2Mb2d++4kpzePowUwS5kscRjzkFI2VHgkhPRTJCPvlilt15yCrxMtJBXI0+uWv3iCmqWSRoQK17npuYvwMleFUsGmpl2qWIB3jkHUtjVAy7Wfzg6fkzCoDEsbKVmTIXP09kaHUeiID2ynRjPSyNxP/87qpCa/9jEdJalhEF4vCVBATk9n3ZMAVo0ZMLEGquL2V0BEqpMZmVLIheMsvr5LWRdW7rNbua5X6TR5HEU7gFM7Bgyuowx00oAkUJDzDK7w5ynlx3p2PRWvByWeO4Q+czx+Rbo+f</latexit>↵

<latexit sha1_base64="WRVaTbG5py0sD5w/+6/wMM94z2g=">AAACHXicbVDLSgNBEJyNrxhfUY9eBoPgxbgbggoiBPUgeImQF2RjmJ10kiGzu8PMrLAs+REv/ooXD4p48CL+jZPHQRMLGoqqbrq7PMGZ0rb9baUWFpeWV9KrmbX1jc2t7PZOTYWRpFClIQ9lwyMKOAugqpnm0BASiO9xqHuDq5FffwCpWBhUdCyg5ZNewLqMEm2kdrZYad9eFK6xe44ngPvE7TAlOImVjjkkR65g2KWhwq7oM3xMh8N2Nmfn7THwPHGmJIemKLezn24npJEPgaacKNV0bKFbCZGaUQ7DjBspEIQOSA+ahgbEB9VKxt8N8YFROrgbSlOBxmP190RCfKVi3zOdPtF9NeuNxP+8ZqS7Z62EBSLSENDJom7EsQ7xKCrcYRKo5rEhhEpmbsW0TySh2gSaMSE4sy/Pk1oh75zki3fFXOlyGkca7aF9dIgcdIpK6AaVURVR9Iie0St6s56sF+vd+pi0pqzpzC76A+vrB3+Yn8w=</latexit>

TK = 2D e�⇡ cos�/c

<latexit sha1_base64="c6gwi34jj2OA8YmyYXMsrH0h7bE=">AAACAnicbZDLSsNAFIYn9VbrLepK3AwWwVVNpKgboejGZQV7gSaUk+mkHTqZhJmJUEJx46u4caGIW5/CnW/jtM1CW38Y+PjPOZw5f5BwprTjfFuFpeWV1bXiemljc2t7x97da6o4lYQ2SMxj2Q5AUc4EbWimOW0nkkIUcNoKhjeTeuuBSsVica9HCfUj6AsWMgLaWF37AHvAkwHgK+wlDHuKCQMDdkq6dtmpOFPhRXBzKKNc9a795fVikkZUaMJBqY7rJNrPQGpGOB2XvFTRBMgQ+rRjUEBElZ9NTxjjY+P0cBhL84TGU/f3RAaRUqMoMJ0R6IGar03M/2qdVIeXfsZEkmoqyGxRmHKsYzzJA/eYpETzkQEgkpm/YjIACUSb1EomBHf+5EVonlXc80r1rlquXedxFNEhOkInyEUXqIZuUR01EEGP6Bm9ojfryXqx3q2PWWvBymf20R9Znz8UY5X3</latexit>

↵ = ⇡ sin�/c Coupling to 
environment

RG scale

<latexit sha1_base64="ImmKjDcMPJfSBhUPdM9Q0RkX4tc=">AAACHnicbVDLSgMxFM3UV62vqks3F4vgQtqZUh/gpuhGXFWwD+jUIZOmbWgyMyYZoZR+iRt/xY0LRQRX+jem7Sy09ZBcDufcS3KPH3GmtG1/W6mFxaXllfRqZm19Y3Mru71TU2EsCa2SkIey4WNFOQtoVTPNaSOSFAuf07rfvxz79QcqFQuDWz2IaEvgbsA6jGBtJC97DEUX86iHoeBGDMBVTNB7uPZYwRR5VzwC99wcIxiTc3AAIONlc3bengDmiZOQHEpQ8bKfbjsksaCBJhwr1XTsSLeGWGpGOB1l3FjRCJM+7tKmoQEWVLWGk/VGcGCUNnRCaW6gYaL+nhhiodRA+KZTYN1Ts95Y/M9rxrpz1hqyIIo1Dcj0oU7MQYcwzgraTFKi+cAQTCQzfwXSwxITbRIdh+DMrjxPasW8c5Iv3ZRy5YskjjTaQ/voEDnoFJXRFaqgKiLoET2jV/RmPVkv1rv1MW1NWcnMLvoD6+sHknWdwA==</latexit>

2↵/⇡ ' Ji/J
2
r , Ji ⌧ 1• In terms of  couplings in  Hamiltonian 



The Phase Diagram
•   The impurity term determines the phase diagram of the model 

-  Becomes the impurity term of the Hermitian model when 

- The imaginary part of the denominator  changes sign when                         crosses 

The RG invariant      determines the phase structure of the  model 

<latexit sha1_base64="rCCI4DRh7z/4+S6cwkLqWEe4znA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Et4v1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1bus1u5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBSq43W</latexit>⇡

<latexit sha1_base64="p33yoJ+wxVWtyIWFksEE9/HJVhM=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsxIUZdFNy4r2Ad2hpJJ77ShmcyQZIRS+hduXCji1r9x59+YtrPQ1gOBwzn3kntOmAqujet+O4W19Y3NreJ2aWd3b/+gfHjU0kmmGDZZIhLVCalGwSU2DTcCO6lCGocC2+Hodua3n1BpnsgHM04xiOlA8ogzaqz06KdDTnyTELdXrrhVdw6ySrycVCBHo1f+8vsJy2KUhgmqdddzUxNMqDKcCZyW/ExjStmIDrBrqaQx6mAyv3hKzqzSJ1Gi7JOGzNXfGxMaaz2OQzsZUzPUy95M/M/rZia6DiZcpplByRYfRZkgNuIsPulzhcyIsSWUKW5vJWxIFWXGllSyJXjLkVdJ66LqXVZr97VK/SavowgncArn4MEV1OEOGtAEBhKe4RXeHO28OO/Ox2K04OQ7x/AHzucPj5GQMw==</latexit>

� ! 0
<latexit sha1_base64="5s5wYBqwLnvq4qoFKAWF9yY/WgM=">AAACA3icbVBNS8NAEJ34WetX1JteFovgqSRS1ItQ9OKxgv2AJpTNdtMs3WzC7kYooeDFv+LFgyJe/RPe/Ddu2xy09cHA470ZZuYFKWdKO863tbS8srq2Xtoob25t7+zae/stlWSS0CZJeCI7AVaUM0GbmmlOO6mkOA44bQfDm4nffqBSsUTc61FK/RgPBAsZwdpIPfvQwzyN8JUXSkxyTzGBvDRi45yMe3bFqTpToEXiFqQCBRo9+8vrJySLqdCEY6W6rpNqP8dSM8LpuOxliqaYDPGAdg0VOKbKz6c/jNGJUfooTKQpodFU/T2R41ipURyYzhjrSM17E/E/r5vp8NLPmUgzTQWZLQozjnSCJoGgPpOUaD4yBBPJzK2IRNikoU1sZROCO//yImmdVd3zau2uVqlfF3GU4AiO4RRcuIA63EIDmkDgEZ7hFd6sJ+vFerc+Zq1LVjFzAH9gff4AZGeYBQ==</latexit>

↵ =
sin�

c

<latexit sha1_base64="wEI8JztgPf6N92x6CusVkC/0LZg=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae0oUy2m3btZhN2N0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkvWNNwI1kkUwygQrB2Mb2d++4kpzWP5YCYJ8yMcSh5yisZKrR6KZIT9csWtunOQVeLlpAI5Gv3yV28Q0zRi0lCBWnc9NzF+hspwKti01Es1S5COcci6lkqMmPaz+bVTcmaVAQljZUsaMld/T2QYaT2JAtsZoRnpZW8m/ud1UxNe+xmXSWqYpItFYSqIicnsdTLgilEjJpYgVdzeSugIFVJjAyrZELzll1dJ66LqXVZr97VK/SaPowgncArn4MEV1OEOGtAECo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+AI5vjyE=</latexit>↵

<latexit sha1_base64="3KhM/7S9awwJLUjTmY+B0QvAz0M="></latexit>✓
⇤� � 1 + cos(�)� i sin(�)� i c2
⇤� � 1 + cos(�)� i sin(�) + i c2

◆

• K denotes the Kondo phase where the impurity is screened by the 
Kondo cloud  in the ground state |K⟩

• LM denotes the local moment  phase where the impurity is 
unscreened in the ground state |U ⟩ 

•          phase – the impurity is screened by single particle bound 
mode in |B⟩  state, but  not  screened in |U ⟩ state.

<latexit sha1_base64="2bdKNb5WaggLMTbEbQvZeFc9pCw=">AAAB+HicbVDLTsMwEHTKq5RHAxy5WFRInKoEIeBYwYVjefSB2qhynE1r1XEi2wGVqF/ChQMIceVTuPE3uG0O0DLSSqOZXe3u+AlnSjvOt1VYWl5ZXSuulzY2t7bL9s5uU8WppNCgMY9l2ycKOBPQ0ExzaCcSSORzaPnDy4nfegCpWCzu9CgBLyJ9wUJGiTZSzy53H1kAmvEAsvvbm3HPrjhVZwq8SNycVFCOes/+6gYxTSMQmnKiVMd1Eu1lRGpGOYxL3VRBQuiQ9KFjqCARKC+bHj7Gh0YJcBhLU0Ljqfp7IiORUqPIN50R0QM1703E/7xOqsNzL2MiSTUIOlsUphzrGE9SwAGTQDUfGUKoZOZWTAdEEqpNViUTgjv/8iJpHlfd0+rJ9UmldpHHUUT76AAdIRedoRq6QnXUQBSl6Bm9ojfryXqx3q2PWWvBymf20B9Ynz8HX5NX</latexit>

]Y SR

- Local bound state exits in the region
<latexit sha1_base64="FgoLMBXvQVr01nhjBb3nvDey5js=">AAACAXicbZDLSgMxFIYz9VbrbdSN4CZYBFd1phZ14aLoxmUFe4HOUDJppg3NZEKSEcpQN76KGxeKuPUt3Pk2ptNZaOsPgY//nMPJ+QPBqNKO820VlpZXVteK66WNza3tHXt3r6XiRGLSxDGLZSdAijDKSVNTzUhHSIKigJF2MLqZ1tsPRCoa83s9FsSP0IDTkGKkjdWzDzxBT6vwCnqIiSEycAYzq2eXnYqTCS6Cm0MZ5Gr07C+vH+MkIlxjhpTquo7QfoqkppiRSclLFBEIj9CAdA1yFBHlp9kFE3hsnD4MY2ke1zBzf0+kKFJqHAWmM0J6qOZrU/O/WjfR4aWfUi4STTieLQoTBnUMp3HAPpUEazY2gLCk5q8QD5FEWJvQSiYEd/7kRWhVK+55pXZXK9ev8ziK4BAcgRPgggtQB7egAZoAg0fwDF7Bm/VkvVjv1sestWDlM/vgj6zPH7GBlH0=</latexit>

⇡/2 < ↵ < 3⇡/2



The Kondo phase

- From BAE,  the ground state  solution density :

The ground state is a singlet –  Impurity  is screened  by a multiparticle cloud

<latexit sha1_base64="+KrQvfVs9+LWeH4CKDwR8lcbTps=">AAAB9XicbVA9SwNBEN3zM8avqKXNYhCs4l0IapEiaGMZwXxA7gxzm71kyd7esrunhJD/YWOhiK3/xc5/4ya5QhMfDDzem2FmXig508Z1v52V1bX1jc3cVn57Z3dvv3Bw2NRJqghtkIQnqh2CppwJ2jDMcNqWikIcctoKhzdTv/VIlWaJuDcjSYMY+oJFjICx0oNb9YHLAVR9yc7L3ULRLbkz4GXiZaSIMtS7hS+/l5A0psIQDlp3PFeaYAzKMMLpJO+nmkogQ+jTjqUCYqqD8ezqCT61Sg9HibIlDJ6pvyfGEGs9ikPbGYMZ6EVvKv7ndVITXQVjJmRqqCDzRVHKsUnwNALcY4oSw0eWAFHM3orJABQQY4PK2xC8xZeXSbNc8i5KlbtKsXadxZFDx+gEnSEPXaIaukV11EAEKfSMXtGb8+S8OO/Ox7x1xclmjtAfOJ8/NNORrw==</latexit>

0 < ↵ < ⇡/2

- Define density                                          ,     then
<latexit sha1_base64="HvWfjPhz8rBlAwP4X28cbsYhDp0=">AAACKXicbVDLSsNAFJ3UV62vqEs3wSJUxJpIUTdC0Y0LFxXsA5oSbibTduhMEmYmQgn5HTf+ihsFRd36I04fC209MHA451zu3OPHjEpl259GbmFxaXklv1pYW9/Y3DK3dxoySgQmdRyxSLR8kITRkNQVVYy0YkGA+4w0/cH1yG8+ECFpFN6rYUw6HHoh7VIMSkueWXUl7XEoubd6JgAvdXvAOWSHl87JrHjkZMdzOc8s2mV7DGueOFNSRFPUPPPVDSKccBIqzEDKtmPHqpOCUBQzkhXcRJIY8AB6pK1pCJzITjq+NLMOtBJY3UjoFyprrP6eSIFLOeS+TnJQfTnrjcT/vHaiuhedlIZxokiIJ4u6CbNUZI1qswIqCFZsqAlgQfVfLdwHAVjpcgu6BGf25HnSOC07Z+XKXaVYvZrWkUd7aB+VkIPOURXdoBqqI4we0TN6Q+/Gk/FifBhfk2jOmM7soj8wvn8A0dCmYg==</latexit>

�(⇤�) = 1/(⇤�+1 � ⇤�)

<latexit sha1_base64="ZfBk2dE+uGdfoRICw4ezhmB2ZnY="></latexit>X

�

f(⇤�) =

Z
d⇤�(⇤)f(⇤)

<latexit sha1_base64="IFZo6iWJ/Q1yW61S5viaaYwvFdI="></latexit>

�K(⇤) =
1

2c


Ne sech

✓
⇡(⇤� 1)

c

◆
+ sech

✓
⇡(⇤� 1 + e�i�

c

◆�

-  The ground state spin

<latexit sha1_base64="nk29VINUiXbIJkv5tTcM6/7pHXw="></latexit>

S =
Ne + 1

2
�

Z
�0(⇤)d⇤ =

Ne + 1

2
�

Ne

2
+

1

2

�
= 0

- The number of down spins
<latexit sha1_base64="W8yLXdlpb+1O8aNhWjPEwpuq5x0="></latexit>

M =

Z
d⇤�0(⇤) =

Ne + 1

2
=

N

2



The Kondo phase: the magnetization         

•  Applying a magnetic field  excites a macroscopic number of spinons  from            to   
 

• The model still flows to strong coupling  at low field, screening the impurity 
and to weak coupling at high field

<latexit sha1_base64="ODjj4++bmwbrWrQ+xTNckpk5YRc="></latexit>

�B(⇤) +

Z 1

B
K (⇤� ⇤0)�B (⇤0) d⇤0 = f(⇤)

<latexit sha1_base64="6D71ZyoG5BJeybaFfu7x05ioucs=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBiyWRoh6LXjxWsB/QlLLZbtqlm03YnQil9G948aCIV/+MN/+NmzYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY32V++4lrI2L1iJOE9yI6VCIUjKKVfJLhwhcqxEm/XHGr7hxklXg5qUCORr/85Q9ilkZcIZPUmK7nJtibUo2CST4r+anhCWVjOuRdSxWNuOlN5zfPyJlVBiSMtS2FZK7+npjSyJhJFNjOiOLILHuZ+J/XTTG86U2FSlLkii0WhakkGJMsADIQmjOUE0so08LeStiIasrQxlSyIXjLL6+S1mXVu6rWHmqV+m0eRxFO4BTOwYNrqMM9NKAJDBJ4hld4c1LnxXl3PhatBSefOYY/cD5/AOBPkE4=</latexit>�1 <latexit sha1_base64="nHV6ZkUj2uHQz28RjqNxNOP9tOc=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY8ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju7nffkKleSwfzCRBP6JDyUPOqLFSo9YvltyyuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpia89adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWldl77pcaVRK1VoWRx7O4BwuwYMbqMI91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AJdPjM8=</latexit>

B

• The real part of the impurity magnetization  (Solve by Wiener – Hopf)

<latexit sha1_base64="+KrQvfVs9+LWeH4CKDwR8lcbTps=">AAAB9XicbVA9SwNBEN3zM8avqKXNYhCs4l0IapEiaGMZwXxA7gxzm71kyd7esrunhJD/YWOhiK3/xc5/4ya5QhMfDDzem2FmXig508Z1v52V1bX1jc3cVn57Z3dvv3Bw2NRJqghtkIQnqh2CppwJ2jDMcNqWikIcctoKhzdTv/VIlWaJuDcjSYMY+oJFjICx0oNb9YHLAVR9yc7L3ULRLbkz4GXiZaSIMtS7hS+/l5A0psIQDlp3PFeaYAzKMMLpJO+nmkogQ+jTjqUCYqqD8ezqCT61Sg9HibIlDJ6pvyfGEGs9ikPbGYMZ6EVvKv7ndVITXQVjJmRqqCDzRVHKsUnwNALcY4oSw0eWAFHM3orJABQQY4PK2xC8xZeXSbNc8i5KlbtKsXadxZFDx+gEnSEPXaIaukV11EAEKfSMXtGb8+S8OO/Ox7x1xclmjtAfOJ8/NNORrw==</latexit>

0 < ↵ < ⇡/2

<latexit sha1_base64="2br4I/+fbTh9dKpbZm+T5JjVYKw="></latexit>

f(⇤) =
Ne

⇡

c/2

(c/2)2 + (⇤� 1)2
+

1

⇡

c/2

(c/2)2 + (⇤� 1 + e�i�)2with



The Kondo phase :  The energy

• The ground state energy                                                                                                    has real and imaginary parts

<latexit sha1_base64="47JL4GFJuJs9eceLhuVg0LvnhVA="></latexit>

E0K = �⇡N2

2L
� iD log

 
�( 12 � i

2c0 )�(1 +
i

2c0 )

�( 12 + i
2c0 )�(1�

i
2c0 )

!

- Real part                                      energy of the state
<latexit sha1_base64="LS6W9St3q9ksqq/0/kYNtyWKy9M=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBahXkoiRT0WRRC8VLEf0Iay2W7apZtN3N0USsjv8OJBEa/+GG/+G7dtDtr6YODx3gwz87yIM6Vt+9vKrayurW/kNwtb2zu7e8X9g6YKY0log4Q8lG0PK8qZoA3NNKftSFIceJy2vNH11G+NqVQsFI96ElE3wAPBfEawNpLbfaBJ+aaX2HfpadorluyKPQNaJk5GSpCh3it+dfshiQMqNOFYqY5jR9pNsNSMcJoWurGiESYjPKAdQwUOqHKT2dEpOjFKH/mhNCU0mqm/JxIcKDUJPNMZYD1Ui95U/M/rxNq/dBMmolhTQeaL/JgjHaJpAqjPJCWaTwzBRDJzKyJDLDHRJqeCCcFZfHmZNM8qznmlel8t1a6yOPJwBMdQBgcuoAa3UIcGEHiCZ3iFN2tsvVjv1se8NWdlM4fwB9bnD8fikXg=</latexit>

<(E0K)
<latexit sha1_base64="LZerMTk+pX35zpUZ7Fo9dVTtz2k="></latexit>

=(E0K) = ��0 +O(D/ log(2D/TK))
<latexit sha1_base64="U38KObltkcjwKR83kEB5KPstHzQ=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgqiQi6kYoKvhYVbAPaEKYTCft0JlJmJkoJfZT3LhQxK1f4s6/cdpmoa0HLhzOuZd77wkTRpV2nG+rsLC4tLxSXC2trW9sbtnl7aaKU4lJA8cslu0QKcKoIA1NNSPtRBLEQ0Za4eBi7LceiFQ0Fvd6mBCfo56gEcVIGymwy94V4hwFzhm8hLeBd8MDu+JUnQngPHFzUgE56oH95XVjnHIiNGZIqY7rJNrPkNQUMzIqeakiCcID1CMdQwXiRPnZ5PQR3DdKF0axNCU0nKi/JzLElRry0HRypPtq1huL/3mdVEenfkZFkmoi8HRRlDKoYzjOAXapJFizoSEIS2puhbiPJMLapFUyIbizL8+T5mHVPa4e3R1Vaud5HEWwC/bAAXDBCaiBa1AHDYDBI3gGr+DNerJerHfrY9pasPKZHfAH1ucPKuqSqA==</latexit>

�0 = DJ=- Imaginary part                                                                                        with

• The Excitations

- Fundamental  spin excitations:  spinons ,                                     ,           is the location of the hole  (complex)
<latexit sha1_base64="nvzfFZNnIDkvGU92pi8BI70yy8U=">AAAB7nicbVBNSwMxEJ31s9avqkcvwSJ4qrulqBeh6MVjRfsB7VqyabYNzWZDkhXq0h/hxYMiXv093vw3pu0etPXBwOO9GWbmBZIzbVz321laXlldW89t5De3tnd2C3v7DR0nitA6iXmsWgHWlDNB64YZTltSURwFnDaD4fXEbz5SpVks7s1IUj/CfcFCRrCxUvPu4enSOy13C0W35E6BFomXkSJkqHULX51eTJKICkM41rrtudL4KVaGEU7H+U6iqcRkiPu0banAEdV+Oj13jI6t0kNhrGwJg6bq74kUR1qPosB2RtgM9Lw3Ef/z2okJL/yUCZkYKshsUZhwZGI0+R31mKLE8JElmChmb0VkgBUmxiaUtyF48y8vkka55J2VKreVYvUqiyMHh3AEJ+DBOVThBmpQBwJDeIZXeHOk8+K8Ox+z1iUnmzmAP3A+fwAW2Y7D</latexit>

Sz = 1/2
<latexit sha1_base64="czBxziAoqChpX+oAJwD/LQCrNYs=">AAAB7nicbVC7SgNBFL0bXzG+opY2g0GwCrsS1DJoY2ERwTwgWcLd2dlkyOzsMjMrhJCPsLFQxNbvsfNvnCRbaOKBgcM55zL3niAVXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKWTTFHWpIlIVCdAzQSXrGm4EayTKoZxIFg7GN3O/PYTU5on8tGMU+bHOJA84hSNldq9exsNsV+uuFV3DrJKvJxUIEejX/7qhQnNYiYNFah113NT409QGU4Fm5Z6mWYp0hEOWNdSiTHT/mS+7pScWSUkUaLsk4bM1d8TE4y1HseBTcZohnrZm4n/ed3MRNf+hMs0M0zSxUdRJohJyOx2EnLFqBFjS5AqbncldIgKqbENlWwJ3vLJq6R1UfUuq7WHWqV+k9dRhBM4hXPw4ArqcAcNaAKFETzDK7w5qfPivDsfi2jByWeO4Q+czx8Ok49m</latexit>

⇤

Complex excitation energy

is the decay rate  (           < 0) or enhancement rate (           > 0) of the spinon states relative to the Kondo ground 
state. 

<latexit sha1_base64="eqwJhHh//n0RpmT0NPgBkTAttfI=">AAAB8XicbVBNSwMxEM3Wr1q/qh69BItQL2VXinosiuixgv3AdimzabYNTbJLkhXK0n/hxYMiXv033vw3pu0etPXBwOO9GWbmBTFn2rjut5NbWV1b38hvFra2d3b3ivsHTR0litAGiXik2gFoypmkDcMMp+1YURABp61gdD31W09UaRbJBzOOqS9gIFnICBgrPeLuLQgB5ZvTXrHkVtwZ8DLxMlJCGeq94le3H5FEUGkIB607nhsbPwVlGOF0UugmmsZARjCgHUslCKr9dHbxBJ9YpY/DSNmSBs/U3xMpCK3HIrCdAsxQL3pT8T+vk5jw0k+ZjBNDJZkvChOOTYSn7+M+U5QYPrYEiGL2VkyGoIAYG1LBhuAtvrxMmmcV77xSva+WaldZHHl0hI5RGXnoAtXQHaqjBiJIomf0it4c7bw4787HvDXnZDOH6A+czx8JBY/c</latexit>

�(E)
<latexit sha1_base64="eqwJhHh//n0RpmT0NPgBkTAttfI=">AAAB8XicbVBNSwMxEM3Wr1q/qh69BItQL2VXinosiuixgv3AdimzabYNTbJLkhXK0n/hxYMiXv033vw3pu0etPXBwOO9GWbmBTFn2rjut5NbWV1b38hvFra2d3b3ivsHTR0litAGiXik2gFoypmkDcMMp+1YURABp61gdD31W09UaRbJBzOOqS9gIFnICBgrPeLuLQgB5ZvTXrHkVtwZ8DLxMlJCGeq94le3H5FEUGkIB607nhsbPwVlGOF0UugmmsZARjCgHUslCKr9dHbxBJ9YpY/DSNmSBs/U3xMpCK3HIrCdAsxQL3pT8T+vk5jw0k+ZjBNDJZkvChOOTYSn7+M+U5QYPrYEiGL2VkyGoIAYG1LBhuAtvrxMmmcV77xSva+WaldZHHl0hI5RGXnoAtXQHaqjBiJIomf0it4c7bw4787HvDXnZDOH6A+czx8JBY/c</latexit>

�(E)
<latexit sha1_base64="eqwJhHh//n0RpmT0NPgBkTAttfI=">AAAB8XicbVBNSwMxEM3Wr1q/qh69BItQL2VXinosiuixgv3AdimzabYNTbJLkhXK0n/hxYMiXv033vw3pu0etPXBwOO9GWbmBTFn2rjut5NbWV1b38hvFra2d3b3ivsHTR0litAGiXik2gFoypmkDcMMp+1YURABp61gdD31W09UaRbJBzOOqS9gIFnICBgrPeLuLQgB5ZvTXrHkVtwZ8DLxMlJCGeq94le3H5FEUGkIB607nhsbPwVlGOF0UugmmsZARjCgHUslCKr9dHbxBJ9YpY/DSNmSBs/U3xMpCK3HIrCdAsxQL3pT8T+vk5jw0k+ZjBNDJZkvChOOTYSn7+M+U5QYPrYEiGL2VkyGoIAYG1LBhuAtvrxMmmcV77xSva+WaldZHHl0hI5RGXnoAtXQHaqjBiJIomf0it4c7bw4787HvDXnZDOH6A+czx8JBY/c</latexit>

�(E)

- Two spinons can be combined symmetrically or anti-symmetrically to form triplet and singlet spin excitations.

<latexit sha1_base64="+KrQvfVs9+LWeH4CKDwR8lcbTps=">AAAB9XicbVA9SwNBEN3zM8avqKXNYhCs4l0IapEiaGMZwXxA7gxzm71kyd7esrunhJD/YWOhiK3/xc5/4ya5QhMfDDzem2FmXig508Z1v52V1bX1jc3cVn57Z3dvv3Bw2NRJqghtkIQnqh2CppwJ2jDMcNqWikIcctoKhzdTv/VIlWaJuDcjSYMY+oJFjICx0oNb9YHLAVR9yc7L3ULRLbkz4GXiZaSIMtS7hS+/l5A0psIQDlp3PFeaYAzKMMLpJO+nmkogQ+jTjqUCYqqD8ezqCT61Sg9HibIlDJ6pvyfGEGs9ikPbGYMZ6EVvKv7ndVITXQVjJmRqqCDzRVHKsUnwNALcY4oSw0eWAFHM3orJABQQY4PK2xC8xZeXSbNc8i5KlbtKsXadxZFDx+gEnSEPXaIaukV11EAEKfSMXtGb8+S8OO/Ox7x1xclmjtAfOJ8/NNORrw==</latexit>

0 < ↵ < ⇡/2

<latexit sha1_base64="mWOcHoLIouQSs9m7c7xiW3QZ2qo=">AAACCnicbVDLSgMxFM34rPU16tJNtAgtQpmRom6EohRduKhgH9Ap5U6atqHJzJBkhDJ07cZfceNCEbd+gTv/xvSx0NYDgcM593Bzjx9xprTjfFsLi0vLK6uptfT6xubWtr2zW1VhLAmtkJCHsu6DopwFtKKZ5rQeSQrC57Tm969Gfu2BSsXC4F4PItoU0A1YhxHQRmrZB4lHgOPSMOvdmlQbche4hI8Z9q5BCMiWci074+SdMfA8cackg6Yot+wvrx2SWNBAEw5KNVwn0s0EpGaE02HaixWNgPShSxuGBiCoaibjU4b4yCht3AmleYHGY/V3IgGh1ED4ZlKA7qlZbyT+5zVi3TlvJiyIYk0DMlnUiTnWIR71gttMUqL5wBAgkpm/YtIDCUSb9tKmBHf25HlSPcm7p/nCXSFTvJzWkUL76BBlkYvOUBHdoDKqIIIe0TN6RW/Wk/VivVsfk9EFa5rZQ39gff4AVi6YIA==</latexit>

E(⇤) = E + i�(E)

<latexit sha1_base64="Z2FrzYqu5xyawBESPgD6fStcaTg="></latexit>

E(⇤) = 2De
⇡
c (⇤�1)

<latexit sha1_base64="0JeqbJ8gI2Ag7MlIm9RNQlxFIkU="></latexit>

E =
X

j

kj =
2⇡

L

X
nj + i

N

L

MX

�=1

log
⇤� � 1 + ic/2

⇤� � 1� ic/2
• The energy  eigenvalues 

Charge excitations decoupled spinless holons, holes 

spin excitations:  holes in the dense set of      - solutions, quartets, strings, bound states ..
<latexit sha1_base64="czBxziAoqChpX+oAJwD/LQCrNYs=">AAAB7nicbVC7SgNBFL0bXzG+opY2g0GwCrsS1DJoY2ERwTwgWcLd2dlkyOzsMjMrhJCPsLFQxNbvsfNvnCRbaOKBgcM55zL3niAVXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKWTTFHWpIlIVCdAzQSXrGm4EayTKoZxIFg7GN3O/PYTU5on8tGMU+bHOJA84hSNldq9exsNsV+uuFV3DrJKvJxUIEejX/7qhQnNYiYNFah113NT409QGU4Fm5Z6mWYp0hEOWNdSiTHT/mS+7pScWSUkUaLsk4bM1d8TE4y1HseBTcZohnrZm4n/ed3MRNf+hMs0M0zSxUdRJohJyOx2EnLFqBFjS5AqbncldIgKqbENlWwJ3vLJq6R1UfUuq7WHWqV+k9dRhBM4hXPw4ArqcAcNaAKFETzDK7w5qfPivDsfi2jByWeO4Q+czx8Ok49m</latexit>

⇤



The Kondo phase: The DOS

- The spinon DOS                                         is given by
<latexit sha1_base64="f2Yed9Cd5Or0BVZjZohndSjPbgE="></latexit>

⇢K(E) = L

2⇡
+

1

⇡

T0

E2 + T 2
0

<latexit sha1_base64="JJZrBJM2XZeXuPv/CjmorQMiI5Y=">AAACN3icbZDLSsNAFIYnXmu9RV26GSxCuymJiLoRRBFciFSwVmhKOZlM2qGTSZiZCCXkrdz4Gu5040IRt76B0xrF24GBj/8/Z2bO7yecKe0499bE5NT0zGxprjy/sLi0bK+sXqo4lYQ2ScxjeeWDopwJ2tRMc3qVSAqRz2nLHxyN/NY1lYrF4kIPE9qJoCdYyAhoI3XtM0/242rmEeD4OK/h4BP3sadYL4Kqd2puC6CGvVACyQJcCHn21Zt/UdeuOHVnXPgvuAVUUFGNrn3nBTFJIyo04aBU23US3clAakY4zcteqmgCZAA92jYoIKKqk433zvGmUQIcxtIcofFY/T6RQaTUMPJNZwS6r357I/E/r53qcK+TMZGkmgry 8VCYcqxjPAoRB0xSovnQABDJzF8x6YOJR5uoyyYE9/fKf+Fyq+7u1LfPtysHh0UcJbSONlAVuWgXHaAT1EBNRNANekBP6Nm6tR6tF+v1o3XCKmbW0I+y3t4BFoSrhw==</latexit>

⇢(E)dE = �(⇤)
d⇤

dE dE

bulk Impurity

- Define DOS in terms of real energy                                                   it can be found in terms of          ,

<latexit sha1_base64="RdFvDgfcRQ1043nh0lOuF4XtfpE="></latexit>

⇢̃K(E) = ⇢K(E + i�(E))(1 + i@�(E)/@E) 2 R

<latexit sha1_base64="eqwJhHh//n0RpmT0NPgBkTAttfI=">AAAB8XicbVBNSwMxEM3Wr1q/qh69BItQL2VXinosiuixgv3AdimzabYNTbJLkhXK0n/hxYMiXv033vw3pu0etPXBwOO9GWbmBTFn2rjut5NbWV1b38hvFra2d3b3ivsHTR0litAGiXik2gFoypmkDcMMp+1YURABp61gdD31W09UaRbJBzOOqS9gIFnICBgrPeLuLQgB5ZvTXrHkVtwZ8DLxMlJCGeq94le3H5FEUGkIB607nhsbPwVlGOF0UugmmsZARjCgHUslCKr9dHbxBJ9YpY/DSNmSBs/U3xMpCK3HIrCdAsxQL3pT8T+vk5jw0k+ZjBNDJZkvChOOTYSn7+M+U5QYPrYEiGL2VkyGoIAYG1LBhuAtvrxMmmcV77xSva+WaldZHHl0hI5RGXnoAtXQHaqjBiJIomf0it4c7bw4787HvDXnZDOH6A+czx8JBY/c</latexit>

�(E)

-
<latexit sha1_base64="qctTTr3PHzZvIm2lXjATKMCPmwE="></latexit>

�(E) ' 1

L
tanh�1

✓
2ETK

E2 + T 2
K

sin↵

◆
⌧ 1,Spinon decay rate

- For most couplings and energies            hence the states with one spinon have a longer lifetime than the Kondo 
ground state itself.   This indicates that it is dynamically advantageous to remove a state from the Kondo cloud.  

- This lowers the amplitude for a singlet state to be formed at the impurity site

- we expect the  Kondo state to be dynamically unstable against depopulation of the screening cloud through single spinon 
excitations (experimental prediction), but it is a 1/L  effect.

<latexit sha1_base64="+0MX2SiTfkeK1VBjI7zCRgO5jeM=">AAAB+HicbVBNS8NAEN34WetHox69LBahXkoiRT0WRfRYwX5AE8pmO2mX7m7C7kaopb/EiwdFvPpTvPlvTNoctPXBwOO9GWbmBTFn2jjOt7Wyura+sVnYKm7v7O6V7P2Dlo4SRaFJIx6pTkA0cCahaZjh0IkVEBFwaAej68xvP4LSLJIPZhyDL8hAspBRYlKpZ5e8WyIEqdycegPATrFnl52qMwNeJm5OyihHo2d/ef2IJgKkoZxo3XWd2PgTogyjHKZFL9EQEzoiA+imVBIB2p/MDp/ik1Tp4zBSaUmDZ+rviQkRWo9FkHYKYoZ60cvE/7xuYsJLf8JknBiQdL4oTDg2Ec5SwH2mgBo+TgmhiqW3YjokilCTZpWF4C6+vExaZ1X3vFq7r5XrV3kcBXSEjlEFuegC1dEdaqAmoihBz+gVvVlP1ov1bn3MW1esfOYQ/YH1+QNnNpGh</latexit>

�(E) � 0

<latexit sha1_base64="+KrQvfVs9+LWeH4CKDwR8lcbTps=">AAAB9XicbVA9SwNBEN3zM8avqKXNYhCs4l0IapEiaGMZwXxA7gxzm71kyd7esrunhJD/YWOhiK3/xc5/4ya5QhMfDDzem2FmXig508Z1v52V1bX1jc3cVn57Z3dvv3Bw2NRJqghtkIQnqh2CppwJ2jDMcNqWikIcctoKhzdTv/VIlWaJuDcjSYMY+oJFjICx0oNb9YHLAVR9yc7L3ULRLbkz4GXiZaSIMtS7hS+/l5A0psIQDlp3PFeaYAzKMMLpJO+nmkogQ+jTjqUCYqqD8ezqCT61Sg9HibIlDJ6pvyfGEGs9ikPbGYMZ6EVvKv7ndVITXQVjJmRqqCDzRVHKsUnwNALcY4oSw0eWAFHM3orJABQQY4PK2xC8xZeXSbNc8i5KlbtKsXadxZFDx+gEnSEPXaIaukV11EAEKfSMXtGb8+S8OO/Ox7x1xclmjtAfOJ8/NNORrw==</latexit>

0 < ↵ < ⇡/2

<latexit sha1_base64="zqVCEK/Ijx8RjZ/sAcu8nverQ00=">AAACHHicbVDLSgMxFM34rPVVdekmWIQWpc5oUTdCUQRBwSr2AZ1SMpnbNjTzIMkIZeiHuPFX3LhQxI0Lwb8xfSDaeuDCyTn3knuPE3ImlWl+GVPTM7Nz84mF5OLS8spqam29LINIUCjRgAei6hAJnPlQUkxxqIYCiOdwqDids75fuQchWeDfqW4IdY+0fNZklCgtNVIHtmLcBWyLdtC4zJxn8Qm2byHz887iHRzblHB83ctYe1fZXdxIpc2cOQCeJNaIpNEIxUbqw3YDGnngK8qJlDXLDFU9JkIxyqGXtCMJIaEd0oKapj7xQNbjwXE9vK0VFzcDoctXeKD+noiJJ2XXc3SnR1Rbjnt98T+vFqnmcT1mfhgp8Onwo2bEsQpwPynsMgFU8a4mhAqmd8W0TQShSueZ1CFY4ydPkvJ+zjrM5W/y6cLpKI4E2kRbKIMsdIQK6AIVUQlR9ICe0At6NR6NZ+PNeB+2ThmjmQ30B8bnNwzSnZI=</latexit>

⇢̃K(E) = <(⇢K(E)) +O(1/L),
<latexit sha1_base64="yZlRFNgCJX1Z2kaAvaZJyH/6rIY=">AAACGXicbZBNS8MwGMdTX+d8q3r0EhzCvIxWhnoRhjIQvExwL7CWkqbpFpamJUmFUfY1vPhVvHhQxKOe/DZmWwe6+YfAL//neUiev58wKpVlfRtLyyura+uFjeLm1vbOrrm335JxKjBp4pjFouMjSRjlpKmoYqSTCIIin5G2P7ge19sPREga83s1TIgboR6nIcVIacszLUdRFhDoiH7s3ZbrJzCow8vZNXMwYrA+0u4MPbNkVayJ4CLYOZRAroZnfjpBjNOIcIUZkrJrW4lyMyQUxYyMik4qSYLwAPVIVyNHEZFuNtlsBI+1E8AwFvpwBSfu74kMRVIOI193Rkj15XxtbP5X66YqvHAzypNUEY6nD4UpgyqG45hgQAXBig01ICyo/ivEfSQQVjrMog7Bnl95EVqnFfusUr2rlmpXeRwFcAiOQBnY4BzUwA1ogCbA4BE8g1fwZjwZL8a78TFtXTLymQPwR8bXD7bznkM=</latexit>

⇢̃K(E)dE = ⇢K(E)dE

• Excitations: spinons carry spin ½, no charge, complex energy
<latexit sha1_base64="9Vb78ZEOLSSYvccCTCpX7kUxIQQ="></latexit>

E = 2De⇡⇤ = E + i�(E)

Valid for most couplings and energies, 
but log singularity for 

<latexit sha1_base64="49SJZFEl4UGxJMcfD6dTVw28QP0=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBhdSkFHVZFEFwU6EvaEKYTCft0EkyzEyEEgpu/BU3LhRx60+482+ctFlo64GBwzn3cuccnzMqlWV9G4Wl5ZXVteJ6aWNza3vH3N1ryzgRmLRwzGLR9ZEkjEakpahipMsFQaHPSMcfXWd+54EISeOoqcacuCEaRDSgGCkteeaBgxgfIuioGDqcnlVP4U3Gm96dZ5atijUFXCR2TsogR8Mzv5x+jJOQRAozJGXPtrhyUyQUxYxMSk4iCUd4hAakp2mEQiLddJphAo+10odBLPSLFJyqvzdSFEo5Dn09GSI1lPNeJv7n9RIVXLopjXiiSIRnh4KEQR0yKwT2qSBYsbEmCAuq/wrxEAmEla6tpEuw5yMvkna1Yp9Xave1cv0qr6MIDsEROAE2uAB1cAsaoAUweATP4BW8GU/Gi/FufMxGC0a+sw/+wPj8AXF7lh0=</latexit>

↵ ! ⇡/2, E ! TK



The Kondo phase: the DOS<latexit sha1_base64="+KrQvfVs9+LWeH4CKDwR8lcbTps=">AAAB9XicbVA9SwNBEN3zM8avqKXNYhCs4l0IapEiaGMZwXxA7gxzm71kyd7esrunhJD/YWOhiK3/xc5/4ya5QhMfDDzem2FmXig508Z1v52V1bX1jc3cVn57Z3dvv3Bw2NRJqghtkIQnqh2CppwJ2jDMcNqWikIcctoKhzdTv/VIlWaJuDcjSYMY+oJFjICx0oNb9YHLAVR9yc7L3ULRLbkz4GXiZaSIMtS7hS+/l5A0psIQDlp3PFeaYAzKMMLpJO+nmkogQ+jTjqUCYqqD8ezqCT61Sg9HibIlDJ6pvyfGEGs9ikPbGYMZ6EVvKv7ndVITXQVjJmRqqCDzRVHKsUnwNALcY4oSw0eWAFHM3orJABQQY4PK2xC8xZeXSbNc8i5KlbtKsXadxZFDx+gEnSEPXaIaukV11EAEKfSMXtGb8+S8OO/Ox7x1xclmjtAfOJ8/NNORrw==</latexit>

0 < ↵ < ⇡/2

<latexit sha1_base64="Nf3FokberSX2V4sZkJ+gYmiv2Fg=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSLUS9mVoh6LInqsYD+gu5ZsmrahSXZJskpZ+j+8eFDEq//Fm//GtN2Dtj4YeLw3w8y8MOZMG9f9dpaWV1bX1nMb+c2t7Z3dwt5+Q0eJIrROIh6pVog15UzSumGG01asKBYhp81weDXxm49UaRbJezOKaSBwX7IeI9hY6cG/wULg0vWJ36fI7RSKbtmdAi0SLyNFyFDrFL78bkQSQaUhHGvd9tzYBClWhhFOx3k/0TTGZIj7tG2pxILqIJ1ePUbHVumiXqRsSYOm6u+JFAutRyK0nQKbgZ73JuJ/XjsxvYsgZTJODJVktqiXcGQiNIkAdZmixPCRJZgoZm9FZIAVJsYGlbchePMvL5LGadk7K1fuKsXqZRZHDg7hCErgwTlU4RZqUAcCCp7hFd6cJ+fFeXc+Zq1LTjZzAH/gfP4Atv+RXA==</latexit>

�(E) � 0• We note: - States with one spinon have a longer lifetime than the Kondo ground state itself,
- it is dynamically advantageous to remove a state from the Kondo cloud 
- this lowers the amplitude for a singlet state to be formed at the impurity site, avoiding losses.  
- But the time scale for such a process being ∝ L, so Kondo state is dynamically stable

<latexit sha1_base64="PnWikQtklvs18PRPbBMrNpPNVwk="></latexit>

⇢imp


E

TK

�
=

cos↵

⇡TK

1 + (E/TK)2

1 + 2(E/TK)2 cos 2↵+ (E/TK)4
,

• The impurity DOS

-   As α varies from 0 to π/2, the impurity DOS changes from a pure Kondo behavior at α = 0 with a peak at            ,   to a 
situation where the peak is shifted to                                           when          .  Eventually,   when                           the DOS   
develops a delta peak  at          

-     Therefore,  as α increases (so does the bare loss rate  ) the number of modes that contribute to the Kondo   
screening of the impurity  decreases until there remains one single mode at                   when α → π/2. 

-  We interpret this transfer of spectral  weight towards          as announcing the apparition of a bound state when

<latexit sha1_base64="gd2JL9ObEsEYh79ZFqh372i3/2s=">AAACEnicbVDLSsNAFJ3UV62vqEs3g0XQhSUpRQURiiIIbir0BU0Ik+m0HTqZxJmJUEK+wY2/4saFIm5dufNvnLZZaOuBC4dz7uXee/yIUaks69vILSwuLa/kVwtr6xubW+b2TlOGscCkgUMWiraPJGGUk4aiipF2JAgKfEZa/vBq7LceiJA05HU1iogboD6nPYqR0pJnHl17iYNYNEDphSPvhUrK0JGUw6kIj+3UOYew7t16ZtEqWRPAeWJnpAgy1Dzzy+mGOA4IV5ghKTu2FSk3QUJRzEhacGJJIoSHqE86mnIUEOkmk5dSeKCVLuyFQhdXcKL+nkhQIOUo8HVngNRAznpj8T+vE6vemZtQHsWKcDxd1IsZVCEc5wO7VBCs2EgThAXVt0I8QAJhpVMs6BDs2ZfnSbNcsk9KlbtKsXqZxZEHe2AfHAIbnIIquAE10AAYPIJn8ArejCfjxXg3PqatOSOb2QV/YHz+ABrlnHQ=</latexit>

E↵ =
p
2 sin↵� 1 TK

<latexit sha1_base64="DZM3fqyZ+mhjqL94vHPHRmm2x+A=">AAAB+XicbVBNSwMxEJ2tX7V+rXr0EiyCp7orpXosevFYwX5AdynZNG1Ds9mQZAtl6T/x4kERr/4Tb/4b03YP2vpg4PHeDDPzIsmZNp737RQ2Nre2d4q7pb39g8Mj9/ikpZNUEdokCU9UJ8KaciZo0zDDaUcqiuOI03Y0vp/77QlVmiXiyUwlDWM8FGzACDZW6rlugLkcYRQMKQoku6r13LJX8RZA68TPSRlyNHruV9BPSBpTYQjHWnd9T5oww8owwumsFKSaSkzGeEi7lgocUx1mi8tn6MIqfTRIlC1h0EL9PZHhWOtpHNnOGJuRXvXm4n9eNzWD2zBjQqaGCrJcNEg5Mgmax4D6TFFi+NQSTBSztyIywgoTY8Mq2RD81ZfXSeu64tcq1cdquX6Xx1GEMziHS/DhBurwAA1oAoEJPMMrvDmZ8+K8Ox/L1oKTz5zCHzifPyy+krg=</latexit>

↵ � ⇡/6
<latexit sha1_base64="C0I/VYUq6uCIdXfUCeoAHs7Niow=">AAACBXicbVC7SgNBFJ31GeNr1VKLwSDEwrgbgloGbSwjmAdk13B3MpsMmX0wM6uEJY2Nv2JjoYit/2Dn3zhJttDEAxcO59zLvfd4MWdSWda3sbC4tLyymlvLr29sbm2bO7sNGSWC0DqJeCRaHkjKWUjriilOW7GgEHicNr3B1dhv3lMhWRTeqmFM3QB6IfMZAaWljnngAI/7gB3Ben0FQkQPuOjE7LR8fHfSMQtWyZoAzxM7IwWUodYxv5xuRJKAhopwkLJtW7FyUxCKEU5HeSeRNAYygB5taxpCQKWbTr4Y4SOtdLEfCV2hwhP190QKgZTDwNOdAai+nPXG4n9eO1H+hZuyME4UDcl0kZ9wrCI8jgR3maBE8aEmQATTt2LSBwFE6eDyOgR79uV50iiX7LNS5aZSqF5mceTQPjpERWSjc1RF16iG6oigR/SMXtGb8WS8GO/Gx7R1wchm9tAfGJ8/3luXhQ==</latexit>

↵ ! (⇡/2)�

<latexit sha1_base64="3GicdSVfWduS8kxMuaZmP22FmKg=">AAAB9XicbVBNSwMxEJ2tX7V+VT16CRbBU90tRT1J0YvHCvYDumvJpmkbms2GJKuUpf/DiwdFvPpfvPlvTNs9aOuDgcd7M8zMCyVn2rjut5NbWV1b38hvFra2d3b3ivsHTR0nitAGiXms2iHWlDNBG4YZTttSURyFnLbC0c3Ubz1SpVks7s1Y0iDCA8H6jGBjpQcfcznE6Ar5kp1VusWSW3ZnQMvEy0gJMtS7xS+/F5MkosIQjrXueK40QYqVYYTTScFPNJWYjPCAdiwVOKI6SGdXT9CJVXqoHytbwqCZ+nsixZHW4yi0nRE2Q73oTcX/vE5i+pdByoRMDBVkvqifcGRiNI0A9ZiixPCxJZgoZm9FZIgVJsYGVbAheIsvL5Nmpeydl6t31VLtOosjD0dwDKfgwQXU4Bbq0AACCp7hFd6cJ+fFeXc+5q05J5s5hD9wPn8A9miRhQ==</latexit>

↵ > ⇡/2

<latexit sha1_base64="qpwHZsu3VxiMO2GEruZEK/l8zE0="></latexit>

E = TK : ⇢̃(E)) = L/2⇡ + 1/2 �(E � TK)

<latexit sha1_base64="TJVPYgZqO9K7To1SsgGBi5amBkk=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVUY9FL+qpgv2AdinZNNuGJtmQZIWy9Ed48aCIV3+PN/+NabsHbX0w8Hhvhpl5keLMWN//9gorq2vrG8XN0tb2zu5eef+gaZJUE9ogCU90O8KGciZpwzLLaVtpikXEaSsa3Uz91hPVhiXy0Y4VDQUeSBYzgq2TWve9rHsnJr1yxa/6M6BlEuSkAjnqvfJXt5+QVFBpCcfGdAJf2TDD2jLC6aTUTQ1VmIzwgHYclVhQE2azcyfoxCl9FCfalbRopv6eyLAwZiwi1ymwHZpFbyr+53VSG1+FGZMqtVSS+aI45cgmaPo76jNNieVjRzDRzN2KyBBrTKxLqORCCBZfXibNs2pwUT1/OK/UrvM4inAEx3AKAVxCDW6hDg0gMIJneIU3T3kv3rv3MW8tePnMIfyB9/kDL+qPfA==</latexit>

J=
<latexit sha1_base64="lamvqdp8kKy6GXDU/XXSlUI6dQw=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVUS9CUQTBS4VuW2iXkk2zbWiSXZKsUJb+Bi8eFPHqD/LmvzFt96CtDwYe780wMy9MONPGdb+dwsrq2vpGcbO0tb2zu1feP2jqOFWE+iTmsWqHWFPOJPUNM5y2E0WxCDlthaPbqd96okqzWDbMOKGBwAPJIkawsZJ/d93oPfTKFbfqzoCWiZeTCuSo98pf3X5MUkGlIRxr3fHcxAQZVoYRTielbqppgskID2jHUokF1UE2O3aCTqzSR1GsbEmDZurviQwLrccitJ0Cm6Fe9Kbif14nNdFVkDGZpIZKMl8UpRyZGE0/R32mKDF8bAkmitlbERlihYmx+ZRsCN7iy8ukeVb1Lqrnj+eV2k0eRxGO4BhOwYNLqME91MEHAgye4RXeHOm8OO/Ox7y14OQzh/AHzucPD+KONQ==</latexit>

E = TK

<latexit sha1_base64="6t+ty5BSdovYP97yR3q0+VLNp7U=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BL4KXiHlBsoTZSW8yZHZ2mZkVQsgnePGgiFe/yJt/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMbmd+6wmV5rGsm3GCfkQHkoecUWOlx3rvvlcsuWV3DrJKvIyUIEOtV/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjtT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0L8reZbnyUClVb7I48nACp3AOHlxBFe6gBg1gMIBneIU3RzgvzrvzsWjNOdnMMfyB8/kD/x+Nnw==</latexit>

TK

<latexit sha1_base64="oQZknsa0ybHYJ+ioq9PDd/GMAcE=">AAAB7XicbVBNSwMxEJ2tX7V+rXr0EiyCp7IrRb0IRRE8VrAf0C4lm2bb2GyyJFmhLP0PXjwo4tX/481/Y9ruQVsfDDzem2FmXphwpo3nfTuFldW19Y3iZmlre2d3z90/aGqZKkIbRHKp2iHWlDNBG4YZTtuJojgOOW2Fo5up33qiSjMpHsw4oUGMB4JFjGBjpeYtukIe6rllr+LNgJaJn5My5Kj33K9uX5I0psIQjrXu+F5iggwrwwink1I31TTBZIQHtGOpwDHVQTa7doJOrNJHkVS2hEEz9fdEhmOtx3FoO2NshnrRm4r/eZ3URJdBxkSSGirIfFGUcmQkmr6O+kxRYvjYEkwUs7ciMsQKE2MDKtkQ/MWXl0nzrOKfV6r31XLtOo+jCEdwDKfgwwXU4A7q0AACj/AMr/DmSOfFeXc+5q0FJ585hD9wPn8AjjWN0Q==</latexit>

E = 0

Shift 
observed 
by STM



The  Bound-Mode  phase    
A new isolated solution  appears in addition to the dense set  of solutions of  BAE       –  
Impurity String (IS)

<latexit sha1_base64="WYIwlzprzKpY1PZy9BwYLzSA/WM=">AAACA3icbVA9SwNBEJ3zM8avUzttFoNgFe9iUIsUQRvLCOYDckfY2+wlS/bult09IYSAjX/FxkIRW/+Enf/GTXKFJj4YeLw3w8y8QHCmtON8W0vLK6tr67mN/ObW9s6uvbffUEkqCa2ThCeyFWBFOYtpXTPNaUtIiqOA02YwuJn4zQcqFUviez0U1I9wL2YhI1gbqWMfIoQ8wc5KqOJhLvoYVdD5TOnYBafoTIEWiZuRAmSodewvr5uQNKKxJhwr1XYdof0RlpoRTsd5L1VUYDLAPdo2NMYRVf5o+sMYnRili8JEmoo1mqq/J0Y4UmoYBaYzwrqv5r2J+J/XTnV45Y9YLFJNYzJbFKYc6QRNAkFdJinRfGgIJpKZWxHpY4mJNrHlTQju/MuLpFEquhfF8l25UL3O4sjBERzDKbhwCVW4hRrUgcAjPMMrvFlP1ov1bn3MWpesbOYA/sD6/AFiApTR</latexit>

⇡/2 < ↵ < 3⇡/2

<latexit sha1_base64="uR+Mfw3WHaR9R+VcMT+CtA9WVR4=">AAACF3icbVDLSsNAFJ3UV62vqEs3g0Vw05CUom6EohsFFxVtKzQxTCaTdujkwcxEKCF/4cZfceNCEbe682+ctllo64GBwzn3cOceL2FUSNP81koLi0vLK+XVytr6xuaWvr3TEXHKMWnjmMX8zkOCMBqRtqSSkbuEExR6jHS94fnY7z4QLmgc3cpRQpwQ9SMaUIykklzdgAr2lQr4yM0ub3J4atXsgCOcUYjzrJ7XyH1Wo9BOBhTmrl41DXMCOE+sglRBgZarf9l+jNOQRBIzJETPMhPpZIhLihnJK3YqSILwEPVJT9EIhUQ42eSuHB4oxYdBzNWLJJyovxMZCoUYhZ6aDJEciFlvLP7n9VIZnDgZjZJUkghPFwUpgzKG45KgTznBko0UQZhT9VeIB0iVIlWVFVWCNXvyPOnUDevIaFw3qs2zoo4y2AP74BBY4Bg0wQVogTbA4BE8g1fwpj1pL9q79jEdLWlFZhf8gfb5A3bznaw=</latexit>

⇤IS = 1� ic

2
� e�i�

<latexit sha1_base64="DH0Sq7p7rXvZfvpbDppm+k+FSXg=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOxF48V7Ae0oUy2m3bpZhN3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkvWNNwI1kkUwygQrB2M6zO//cSU5rF8MJOE+REOJQ85RWOlDiE9ioLU++WKW3XnIKvEy0kFcjT65a/eIKZpxKShArXuem5i/AyV4VSwaamXapYgHeOQdS2VGDHtZ/N7p+TMKgMSxsqWNGSu/p7IMNJ6EgW2M0Iz0sveTPzP66YmvPEzLpPUMEkXi8JUEBOT2fNkwBWjRkwsQaq4vZXQESqkxkZUsiF4yy+vktZF1buqXt5fVmq3eRxFOIFTOAcPrqEGd9CAJlAQ8Ayv8OY8Oi/Ou/OxaC04+cwx/IHz+QOMOI8C</latexit>

C

• Occupying the  IS state in the range π/2 ≤ α ≤ π lowers the energy leading to a ground state  |B⟩, 
while in the range  π ≤ α ≤ 3π/2, not occupying the IS lowers the energy leading to a state |U ⟩ 

• In the state |B⟩ the impurity is  screened by a single particle bound mode localized near  it, the 
impurity and the bound mode  forms a singlet.  (similar to YSR state in a SC)

• The bound state energy imaginary part                      gives the bound state a finite lifetime. 
Hence, in the    phase, even in the regime              , the impurity is eventually found to be 
unscreened at long enough times                    .

• This reflects the fact that the quantum phase transition  between the Kondo and unscreened phases is 
dynamically induced by losses.

<latexit sha1_base64="4iKuVqnQ1tknpaW80TwoxN92Qxs=">AAACEnicbVC7TsMwFHV4lvIKMLJYVEgwUCWoAsYKBhiLRB9SEyLHdVKrdhLZDlKV9htY+BUWBhBiZWLjb3DTDNBypKt7dM69su/xE0alsqxvY2FxaXlltbRWXt/Y3No2d3ZbMk4FJk0cs1h0fCQJoxFpKqoY6SSCIO4z0vYHVxO//UCEpHF0p4YJcTkKIxpQjJSWPPPYuUacI8+6z07sMXTCEEI1baPC8ke555kVq2rlgPPELkgFFGh45pfTi3HKSaQwQ1J2bStRboaEopiRcdlJJUkQHqCQdDWNECfSzfKTxvBQKz0YxEJXpGCu/t7IEJdyyH09yZHqy1lvIv7ndVMVXLgZjZJUkQhPHwpSBlUMJ/nAHhUEKzbUBGFB9V8h7iOBsNIplnUI9uzJ86R1WrXPqrXbWqV+WcRRAvvgABwBG5yDOrgBDdAEGDyCZ/AK3own48V4Nz6mowtGsbMH/sD4/AFO6pwE</latexit>

��1
0 � t � |�b|�1

<latexit sha1_base64="E4NIhyXI39GLItisQwmvUdWR9FI=">AAACBnicbVBNS8NAEN34WetX1KMIi0XwVBIp6kGh6EHBS4V+QRPCZLttl+4mYXcjlNKTF/+KFw+KePU3ePPfuG1z0NYHA4/3ZpiZFyacKe0439bC4tLyympuLb++sbm1be/s1lWcSkJrJOaxbIagKGcRrWmmOW0mkoIIOW2E/eux33igUrE4qupBQn0B3Yh1GAFtpMA+8G5ACAhCfImrwR32SKywBzzpAb5wArvgFJ0J8DxxM1JAGSqB/eW1Y5IKGmnCQamW6yTaH4LUjHA6ynupogmQPnRpy9AIBFX+cPLGCB8ZpY07sTQVaTxRf08MQSg1EKHpFKB7atYbi/95rVR3zv0hi5JU04hMF3VSjnWMx5ngNpOUaD4wBIhk5lZMeiCBaJNc3oTgzr48T+onRfe0WLovFcpXWRw5tI8O0TFy0Rkqo1tUQTVE0CN6Rq/ozXqyXqx362PaumBlM3voD6zPH1MnlyA=</latexit>

�b = TK cos↵ < 0

<latexit sha1_base64="XvtDknFJwIMeYhTuDgRtpAFRZq8=">AAAB+HicdVDLTgJBEJz1ifgA9ehlIjHxtJlFQLgRvXj0hWJgQ2Zne3HC7CMzsxrc8CVePGiMVz/Fm3/jgJio0Uo6qVR1p7vLSwRXmpB3a2Z2bn5hMbeUX15ZXSsU1zcuVJxKBi0Wi1i2PapA8AhammsB7UQCDT0Bl97gcOxf3oBUPI7O9TABN6T9iAecUW2kXrHQveU+aC58yK7OTke9YonYjQapOA1M7Coh5XrNELJXrler2LHJBCU0xXGv+Nb1Y5aGEGkmqFIdhyTazajUnAkY5bupgoSyAe1Dx9CIhqDcbHL4CO8YxcdBLE1FGk/U7xMZDZUahp7pDKm+Vr+9sfiX10l1UHczHiWphoh9LgpSgXWMxylgn0tgWgwNoUxycytm11RSpk1WeRPC16f4f3JRtp2aXTmplJoH0zhyaAtto13koH3UREfoGLUQQym6R4/oybqzHqxn6+WzdcaazmyiH7BePwB1lpOj</latexit>

]Y SR

<latexit sha1_base64="2bdKNb5WaggLMTbEbQvZeFc9pCw=">AAAB+HicbVDLTsMwEHTKq5RHAxy5WFRInKoEIeBYwYVjefSB2qhynE1r1XEi2wGVqF/ChQMIceVTuPE3uG0O0DLSSqOZXe3u+AlnSjvOt1VYWl5ZXSuulzY2t7bL9s5uU8WppNCgMY9l2ycKOBPQ0ExzaCcSSORzaPnDy4nfegCpWCzu9CgBLyJ9wUJGiTZSzy53H1kAmvEAsvvbm3HPrjhVZwq8SNycVFCOes/+6gYxTSMQmnKiVMd1Eu1lRGpGOYxL3VRBQuiQ9KFjqCARKC+bHj7Gh0YJcBhLU0Ljqfp7IiORUqPIN50R0QM1703E/7xOqsNzL2MiSTUIOlsUphzrGE9SwAGTQDUfGUKoZOZWTAdEEqpNViUTgjv/8iJpHlfd0+rJ9UmldpHHUUT76AAdIRedoRq6QnXUQBSl6Bm9ojfryXqx3q2PWWvBymf20B9Ynz8HX5NX</latexit>

]Y SR

• The state may be occupied (in addition to     )  denote:         ,  or  unoccupied, denote  
<latexit sha1_base64="DH0Sq7p7rXvZfvpbDppm+k+FSXg=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOxF48V7Ae0oUy2m3bpZhN3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkvWNNwI1kkUwygQrB2M6zO//cSU5rF8MJOE+REOJQ85RWOlDiE9ioLU++WKW3XnIKvEy0kFcjT65a/eIKZpxKShArXuem5i/AyV4VSwaamXapYgHeOQdS2VGDHtZ/N7p+TMKgMSxsqWNGSu/p7IMNJ6EgW2M0Iz0sveTPzP66YmvPEzLpPUMEkXi8JUEBOT2fNkwBWjRkwsQaq4vZXQESqkxkZUsiF4yy+vktZF1buqXt5fVmq3eRxFOIFTOAcPrqEGd9CAJlAQ8Ayv8OY8Oi/Ou/OxaC04+cwx/IHz+QOMOI8C</latexit>

C
<latexit sha1_base64="0qSj3g8dejqFYzRsh2HDhYwBiIs=">AAAB8HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY8ELx4xkYeBDZkdGpgwO7uZmTUhK1/hxYPGePVzvPk3DrAHBSvppFLVne6uIBZcG9f9dnJr6xubW/ntws7u3v5B8fCoqaNEMWywSESqHVCNgktsGG4EtmOFNAwEtoLxzcxvPaLSPJL3ZhKjH9Kh5APOqLHSw1Otq6gcCuwVS27ZnYOsEi8jJchQ7xW/uv2IJSFKwwTVuuO5sfFTqgxnAqeFbqIxpmxMh9ixVNIQtZ/OD56SM6v0ySBStqQhc/X3REpDrSdhYDtDakZ62ZuJ/3mdxAyu/ZTLODEo2WLRIBHERGT2PelzhcyIiSWUKW5vJWxEFWXGZlSwIXjLL6+S5kXZuyxX7iqlai2LIw8ncArn4MEVVOEW6tAABiE8wyu8Ocp5cd6dj0VrzslmjuEPnM8f092QcA==</latexit>

|Bi
<latexit sha1_base64="G3bhdEsoNgSicUG6YEVSulZ29lw=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpq20oWy2k3bpZhN2N0Kp/RVePCji1Z/jzX/jts1BWx8MPN6bYWZemAqujet+O4WV1bX1jeJmaWt7Z3evvH/Q0EmmGPosEYlqhVSj4BJ9w43AVqqQxqHAZji8mfrNR1SaJ/LejFIMYtqXPOKMGis9PPkdRWVfYLdccavuDGSZeDmpQI56t/zV6SUsi1EaJqjWbc9NTTCmynAmcFLqZBpTyoa0j21LJY1RB+PZwRNyYpUeiRJlSxoyU39PjGms9SgObWdMzUAvelPxP6+dmegqGHOZZgYlmy+KMkFMQqbfkx5XyIwYWUKZ4vZWwgZUUWZsRiUbgrf48jJpnFW9i+r53Xmldp3HUYQjOIZT8OASanALdfCBQQzP8ApvjnJenHfnY95acPKZQ/gD5/MH8S6Qgw==</latexit>

|Ui
IS energy of the occupied state w.r.t. unoccupied state  

<latexit sha1_base64="v2yGU3JZFAPoWO6rkZSSwI24C7g="></latexit>

Eb = �TK sin↵ and �b = TK cos↵  0

<latexit sha1_base64="RH02+O7sKGLMqnHtiJETPiFKZvE=">AAACAnicbZDLSsNAFIZP6q3WW9SVuBksgqualKIui25cVrAXaEKZTCft0EkyzEyEEoobX8WNC0Xc+hTufBunbRba+sPAx3/O4cz5A8GZ0o7zbRVWVtfWN4qbpa3tnd09e/+gpZJUEtokCU9kJ8CKchbTpmaa046QFEcBp+1gdDOttx+oVCyJ7/VYUD/Cg5iFjGBtrJ595Al2XkUep8jDXAwxmrNgPbvsVJyZ0DK4OZQhV6Nnf3n9hKQRjTXhWKmu6wjtZ1hqRjidlLxUUYHJCA9o12CMI6r8bHbCBJ0ap4/CRJoXazRzf09kOFJqHAWmM8J6qBZrU/O/WjfV4ZWfsVikmsZkvihMOdIJmuaB+kxSovnYACaSmb8iMsQSE21SK5kQ3MWTl6FVrbgXldpdrVy/zuMowjGcwBm4cAl1uIUGNIHAIzzDK7xZT9aL9W59zFsLVj5zCH9kff4A4AGV1Q==</latexit>

⇡/2  ↵  ⇡

<latexit sha1_base64="prXmGJB32SeNISVs2rQ9aAcHMGI="></latexit>

EIS = E0B(N
e)� 1

2
(E0U (N

e + 1) + E0U (N
e � 1)) = � ⇡

2L
+ (Eb + i�b)

where



The Bound-Mode phase  
<latexit sha1_base64="XvtDknFJwIMeYhTuDgRtpAFRZq8=">AAAB+HicdVDLTgJBEJz1ifgA9ehlIjHxtJlFQLgRvXj0hWJgQ2Zne3HC7CMzsxrc8CVePGiMVz/Fm3/jgJio0Uo6qVR1p7vLSwRXmpB3a2Z2bn5hMbeUX15ZXSsU1zcuVJxKBi0Wi1i2PapA8AhammsB7UQCDT0Bl97gcOxf3oBUPI7O9TABN6T9iAecUW2kXrHQveU+aC58yK7OTke9YonYjQapOA1M7Coh5XrNELJXrler2LHJBCU0xXGv+Nb1Y5aGEGkmqFIdhyTazajUnAkY5bupgoSyAe1Dx9CIhqDcbHL4CO8YxcdBLE1FGk/U7xMZDZUahp7pDKm+Vr+9sfiX10l1UHczHiWphoh9LgpSgXWMxylgn0tgWgwNoUxycytm11RSpk1WeRPC16f4f3JRtp2aXTmplJoH0zhyaAtto13koH3UREfoGLUQQym6R4/oybqzHqxn6+WzdcaazmyiH7BePwB1lpOj</latexit>

]Y SR

• The state         - the bound mode is not occupied
<latexit sha1_base64="G3bhdEsoNgSicUG6YEVSulZ29lw=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpq20oWy2k3bpZhN2N0Kp/RVePCji1Z/jzX/jts1BWx8MPN6bYWZemAqujet+O4WV1bX1jeJmaWt7Z3evvH/Q0EmmGPosEYlqhVSj4BJ9w43AVqqQxqHAZji8mfrNR1SaJ/LejFIMYtqXPOKMGis9PPkdRWVfYLdccavuDGSZeDmpQI56t/zV6SUsi1EaJqjWbc9NTTCmynAmcFLqZBpTyoa0j21LJY1RB+PZwRNyYpUeiRJlSxoyU39PjGms9SgObWdMzUAvelPxP6+dmegqGHOZZgYlmy+KMkFMQqbfkx5XyIwYWUKZ4vZWwgZUUWZsRiUbgrf48jJpnFW9i+r53Xmldp3HUYQjOIZT8OASanALdfCBQQzP8ApvjnJenHfnY95acPKZQ/gD5/MH8S6Qgw==</latexit>

|Ui

-  The root density

- The number of solutions                                                        (Here choose         even.   If          odd need add hole) 
<latexit sha1_base64="FwTWaPzyVI0/iCNt5tXciAqBoYU="></latexit>

M =

Z

R
d⇤ �U (⇤) =

Ne

2

<latexit sha1_base64="lesp/9NDjYN1SMRAmqwlfhpxSSg=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BL54konlAsobZSScZMju7zMwKYcknePGgiFe/yJt/4yTZgyYWNBRV3XR3BbHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSrYBqFFxi3XAjsBUrpGEgsBmMrqd+8wmV5pF8MOMY/ZAOJO9zRo2V7m8fsVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2XvvFy5q5SqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBG+2Nsg==</latexit>

Ne

Spin of state                        :   impurity  unscreened   
<latexit sha1_base64="yTlAygjCIU5nD89dg9IxCP1jJJc=">AAAB8nicbVBNSwMxEJ31s9avqkcvwSJ4qrulqBeh6MVjRfsB27Vk07QNTTZLkhXq0p/hxYMiXv013vw3pu0etPXBwOO9GWbmhTFn2rjut7O0vLK6tp7byG9ube/sFvb2G1omitA6kVyqVog15SyidcMMp61YUSxCTpvh8HriNx+p0kxG92YU00DgfsR6jGBjJf/u4emyHQvknZY7haJbcqdAi8TLSBEy1DqFr3ZXkkTQyBCOtfY9NzZBipVhhNNxvp1oGmMyxH3qWxphQXWQTk8eo2OrdFFPKluRQVP190SKhdYjEdpOgc1Az3sT8T/PT0zvIkhZFCeGRmS2qJdwZCSa/I+6TFFi+MgSTBSztyIywAoTY1PK2xC8+ZcXSaNc8s5KldtKsXqVxZGDQziCE/DgHKpwAzWoAwEJz/AKb45xXpx352PWuuRkMwfwB87nD8GzkEQ=</latexit>

Sz = ±1/2

<latexit sha1_base64="eLWyuVqSxPWwVwNPkphJdB6z2xI="></latexit>

E0U = �⇡N2

2L
� iD log

 
�( i

2c0 )�(1 +
i

2c0 )

�2( 12 + i
2c0 )

!

-  The ground state energy

- The spinon DOS  as a function of real       we find  
<latexit sha1_base64="sxhrtqlJFrvCaQX4o+BHfbB9UbA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BETwmYB6QLGF20puMmZ1dZmaFEPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj25nfekKleSwfzDhBP6IDyUPOqLFS/a5XLLlldw6ySryMlCBDrVf86vZjlkYoDRNU647nJsafUGU4EzgtdFONCWUjOsCOpZJGqP3J/NApObNKn4SxsiUNmau/JyY00nocBbYzomaol72Z+J/XSU147U+4TFKDki0WhakgJiazr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNC/K3mW5Uq+UqjdZHHk4gVM4Bw+uoAr3UIMGMEB4hld4cx6dF+fd+Vi05pxs5hj+wPn8AZvbjNI=</latexit>

E
<latexit sha1_base64="REjDlBqugPoOeMT7UpM/zQaZDoI=">AAACDnicbVC7SgNBFJ31GeNr1dJmMASSJuxKUBshKAHLKG4SyC5hdnKTDJl9MDMrhCVfYOOv2FgoYmtt59842aTQxAMXzpxzL3Pv8WPOpLKsb2NldW19YzO3ld/e2d3bNw8OmzJKBAWHRjwSbZ9I4CwERzHFoR0LIIHPoeWPrqd+6wGEZFF4r8YxeAEZhKzPKFFa6ppF7CrGe+CKYdR1SvXypXsHOHulzqTkUsJxvdw1C1bFyoCXiT0nBTRHo2t+ub2IJgGEinIiZce2YuWlRChGOUzybiIhJnREBtDRNCQBSC/NzpngolZ6uB8JXaHCmfp7IiWBlOPA150BUUO56E3F/7xOovoXXsrCOFEQ0tlH/YRjFeFpNrjHBFDFx5oQKpjeFdMhEYQqnWBeh2AvnrxMmqcV+6xSva0WalfzOHLoGJ2gErLROaqhG9RADqLoET2jV/RmPBkvxrvxMWtdMeYzR+gPjM8fvUWapg==</latexit>

⇢̃U (E) = <⇢U (E)
<latexit sha1_base64="9JISpFetyYXd+uApqQYk1Tq3V6g=">AAACJXicbVDLSgMxFM34rPVVdekmWIR2U2akqAuFogguXFSwD+iUcieTaUMzD5KMUIb5GTf+ihsXFhFc+Sum7QjaeiBwcs69N7nHiTiTyjQ/jaXlldW19dxGfnNre2e3sLfflGEsCG2QkIei7YCknAW0oZjitB0JCr7DacsZXk/81iMVkoXBgxpFtOtDP2AeI6C01Ctc2GIQ9hqlxCbA8U1avrQl6/ugJftOj3GhbHsCSOJm1zRxf2rTXqFoVswp8CKxMlJEGeq9wth2QxL7NFCEg5Qdy4xUNwGhGOE0zduxpBGQIfRpR9MAfCq7yXTLFB9rxcVeKPQJFJ6qvzsS8KUc+Y6u9EEN5Lw3Ef/zOrHyzrsJC6JY0YDMHvJijlWIJ5FhlwlKFB9pAkQw/VdMBqBDUTrYvA7Bml95kTRPKtZppXpfLdausjhy6BAdoRKy0BmqoVtURw1E0BN6QW9obDwbr8a78TErXTKyngP0B8bXNzXnpSE=</latexit>

⇢U (E) = �U (⇤)
d⇤

dEwhere                                                  and    
<latexit sha1_base64="yzFWn6LKD3iUoD+/JE45lpn18xY=">AAACAHicbVDLSgNBEJyNrxhfqx48eBkMQkQIuxLUixCUoMcI5gHZEHonk2TIzO4yMyuEZS/+ihcPinj1M7z5N04eB00saCiquunu8iPOlHacbyuztLyyupZdz21sbm3v2Lt7dRXGktAaCXkomz4oyllAa5ppTpuRpCB8Thv+8GbsNx6pVCwMHvQoom0B/YD1GAFtpI59kHgEOK6kVxV8ipl3C0JAoXLSsfNO0ZkALxJ3RvJohmrH/vK6IYkFDTThoFTLdSLdTkBqRjhNc16saARkCH3aMjQAQVU7mTyQ4mOjdHEvlKYCjSfq74kEhFIj4ZtOAXqg5r2x+J/XinXvsp2wIIo1Dch0US/mWId4nAbuMkmJ5iNDgEhmbsVkABKINpnlTAju/MuLpH5WdM+LpftSvnw9iyOLDtERKiAXXaAyukNVVEMEpegZvaI368l6sd6tj2lrxprN7KM/sD5/AOaplK4=</latexit>

E = E + i�(E)

- We observe that the contribution of the  spinons  to the DOS can be positive as well as negative depending on 
the energy. We conjecture that the positive contribution corresponds to a partial screening of the impurity and 
negative contribution to the DOS as the signature that spinons do not participate to the screening of the impurity

<latexit sha1_base64="dGK1D1S7JgoKOIuKNUEmRQOfRyE=">AAACAHicbVC7TsMwFHXKq5RXgIGBxaJCYipJqYChQwULY5HoQ2qiynGd1qrjWLaDVEVd+BUWBhBi5TPY+BvcNAO0HOlKR+fcq3vvCQSjSjvOt1VYWV1b3yhulra2d3b37P2DtooTiUkLxyyW3QApwignLU01I10hCYoCRjrB+Hbmdx6JVDTmD3oiiB+hIachxUgbqW8feYKeV+vQQ0yMEIR1eJEpfbvsVJwMcJm4OSmDHM2+/eUNYpxEhGvMkFI91xHaT5HUFDMyLXmJIgLhMRqSnqEcRUT5afbAFJ4aZQDDWJriGmbq74kURUpNosB0RkiP1KI3E//zeokOr/2UcpFowvF8UZgwqGM4SwMOqCRYs4khCEtqboV4hCTC2mRWMiG4iy8vk3a14l5Wave1cuMmj6MIjsEJOAMuuAINcAeaoAUwmIJn8ArerCfrxXq3PuatBSufOQR/YH3+AFfNlFM=</latexit>

⇡/2 < ↵ < 3⇡/2

<latexit sha1_base64="lesp/9NDjYN1SMRAmqwlfhpxSSg=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BL54konlAsobZSScZMju7zMwKYcknePGgiFe/yJt/4yTZgyYWNBRV3XR3BbHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSrYBqFFxi3XAjsBUrpGEgsBmMrqd+8wmV5pF8MOMY/ZAOJO9zRo2V7m8fsVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2XvvFy5q5SqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBG+2Nsg==</latexit>

Ne

<latexit sha1_base64="MzYPyGfpOkizJ0uz9rNvIjIPN6I="></latexit>
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The Bound-Mode phase  
<latexit sha1_base64="XvtDknFJwIMeYhTuDgRtpAFRZq8=">AAAB+HicdVDLTgJBEJz1ifgA9ehlIjHxtJlFQLgRvXj0hWJgQ2Zne3HC7CMzsxrc8CVePGiMVz/Fm3/jgJio0Uo6qVR1p7vLSwRXmpB3a2Z2bn5hMbeUX15ZXSsU1zcuVJxKBi0Wi1i2PapA8AhammsB7UQCDT0Bl97gcOxf3oBUPI7O9TABN6T9iAecUW2kXrHQveU+aC58yK7OTke9YonYjQapOA1M7Coh5XrNELJXrler2LHJBCU0xXGv+Nb1Y5aGEGkmqFIdhyTazajUnAkY5bupgoSyAe1Dx9CIhqDcbHL4CO8YxcdBLE1FGk/U7xMZDZUahp7pDKm+Vr+9sfiX10l1UHczHiWphoh9LgpSgXWMxylgn0tgWgwNoUxycytm11RSpk1WeRPC16f4f3JRtp2aXTmplJoH0zhyaAtto13koH3UREfoGLUQQym6R4/oybqzHqxn6+WzdcaazmyiH7BePwB1lpOj</latexit>

]Y SR

• The state          - the bound state is occupied
<latexit sha1_base64="0qSj3g8dejqFYzRsh2HDhYwBiIs=">AAAB8HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY8ELx4xkYeBDZkdGpgwO7uZmTUhK1/hxYPGePVzvPk3DrAHBSvppFLVne6uIBZcG9f9dnJr6xubW/ntws7u3v5B8fCoqaNEMWywSESqHVCNgktsGG4EtmOFNAwEtoLxzcxvPaLSPJL3ZhKjH9Kh5APOqLHSw1Otq6gcCuwVS27ZnYOsEi8jJchQ7xW/uv2IJSFKwwTVuuO5sfFTqgxnAqeFbqIxpmxMh9ixVNIQtZ/OD56SM6v0ySBStqQhc/X3REpDrSdhYDtDakZ62ZuJ/3mdxAyu/ZTLODEo2WLRIBHERGT2PelzhcyIiSWUKW5vJWxEFWXGZlSwIXjLL6+S5kXZuyxX7iqlai2LIw8ncArn4MEVVOEW6tAABiE8wyu8Ocp5cd6dj0VrzslmjuEPnM8f092QcA==</latexit>

|Bi

- The continuous root density  and ground state energy are analytic continuations   
of the Kondo phase  to  region  

<latexit sha1_base64="6Er89cEPmH/PiL7sN/dIjmd+mMA=">AAACAHicbZC7TsMwFIYdrqXcAgwMLBYVElNJSgUMDBUsjEWiF6mJqhPXaa06iWU7SFXVhVdhYQAhVh6DjbfBTTNAyy9Z+vSfc3R8/kBwprTjfFtLyyura+uFjeLm1vbOrr2331RJKgltkIQnsh2AopzFtKGZ5rQtJIUo4LQVDG+n9dYjlYol8YMeCepH0I9ZyAhoY3XtQ0+wswq+xh5wMQAD55nTtUtO2cmEF8HNoYRy1bv2l9dLSBrRWBMOSnVcR2h/DFIzwumk6KWKCiBD6NOOwRgiqvxxdsAEnxinh8NEmhdrnLm/J8YQKTWKAtMZgR6o+drU/K/WSXV45Y9ZLFJNYzJbFKYc6wRP08A9JinRfGQAiGTmr5gMQALRJrOiCcGdP3kRmpWye1Gu3ldLtZs8jgI6QsfoFLnoEtXQHaqjBiJogp7RK3qznqwX6936mLUuWfnMAfoj6/MHVg+UUw==</latexit>

⇡/2 < ↵ < 3⇡/2

- The spinon DOS
<latexit sha1_base64="efPiLT2j2Q6Q1jTK0Ga4KGwnT8Y=">AAACIHicbZDLSgMxFIYz3q23UZdugkWoiGVGRN0IohQENyrWFjplyGRObWjmQnJGKEMfxY2v4saFIrrTpzGts/B2IOTn+88hOX+QSqHRcd6tsfGJyanpmdnS3PzC4pK9vHKtk0xxqPNEJqoZMA1SxFBHgRKaqQIWBRIaQe9k6DduQWmRxFfYT6EdsZtYdARnaJBv71PqoZAhmFt1E/+4Uts89C6hoPkQDvwzQ7e8ECSySm275gebvl12qs6o6F/hFqJMijr37TcvTHgWQYxcMq1brpNiO2cKBZcwKHmZhpTxHruBlpExi0C389GCA7phSEg7iTInRjqi3ydyFmndjwLTGTHs6t/eEP7ntTLsHLRzEacZQsy/HupkkmJCh2nRUCjgKPtGMK6E+SvlXaYYR5NpyYTg/l75r7jeqbp71d2L3fLRcRHHDFkj66RCXLJPjsgpOSd1wskdeSBP5Nm6tx6tF+v1q3XMKmZWyY+yPj4BfVmguQ==</latexit>

⇢̃B(E) = <⇢̃K(E) + �(E � Eb)

-            is the analytic continuation  to 

- The delta function contribution comes from the bound state.

<latexit sha1_base64="8Jgrxt7Jqn+v35ONX2gxaCcE88U=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSxC3ZREirosiiC4qWIf0IQwmdy2QycPZiZCiV34K25cKOLW33Dn3zhts9DWAxcO59zLvff4CWdSWda3sbC4tLyyWlgrrm9sbm2bO7tNGaeCQoPGPBZtn0jgLIKGYopDOxFAQp9Dyx9cjv3WAwjJ4uheDRNwQ9KLWJdRorTkmfvYuQPsKMYDyBzRj0feTfnq2DNLVsWaAM8TOycllKPumV9OENM0hEhRTqTs2Fai3IwIxSiHUdFJJSSEDkgPOppGJATpZpP7R/hIKwHuxkJXpPBE/T2RkVDKYejrzpCovpz1xuJ/XidV3XM3Y1GSKojodFE35VjFeBwGDpgAqvhQE0IF07di2ieCUKUjK+oQ7NmX50nzpGKfVqq31VLtIo+jgA7QISojG52hGrpGddRAFD2iZ/SK3own48V4Nz6mrQtGPrOH/sD4/AGQ4pUu</latexit>

<⇢̃K(E)
<latexit sha1_base64="SBx0NwpSAqyGyf0m0NfnFAWyvmI=">AAAB/nicbVDLSgMxFM3UV62vUXHlJliEClJnSlGXRTcuK9gHdIZyJ820oZnMkGSEMhT8FTcuFHHrd7jzb0wfC209cC+Hc+4lNydIOFPacb6t3Mrq2vpGfrOwtb2zu2fvHzRVnEpCGyTmsWwHoChngjY005y2E0khCjhtBcPbid96pFKxWDzoUUL9CPqChYyANlLXPvKAJwPwmMAlL2EXlXPTz7p20Sk7U+Bl4s5JEc1R79pfXi8maUSFJhyU6rhOov0MpGaE03HBSxVNgAyhTzuGCoio8rPp+WN8apQeDmNpSmg8VX9vZBApNYoCMxmBHqhFbyL+53VSHV77GRNJqqkgs4fClGMd40kWuMckJZqPDAEimbkVkwFIINokVjAhuItfXibNStm9LFfvq8XazTyOPDpGJ6iEXHSFaugO1VEDEZShZ/SK3qwn68V6tz5mozlrvnOI/sD6/AFyE5SD</latexit>

↵ 2 (⇡/2,⇡)

- The impurity  contribution to the spinon DOS is always negative. However, due to
the positive delta function contribution the integrated density of state is positive and equals to ½   
as in the Kondo phase.

<latexit sha1_base64="BMrM0l79SZWfqCZTFydjXxunMV0="></latexit>

�B(⇤) ⌘ �K(⇤), E0B ⌘ E0K , ↵ 2 (⇡/2, 3⇡/2).

- We interpret the negative contribution of the spinons as the signature that they do
not participate to the screening of the impurity in the  |B⟩ state, only the bound state does.

<latexit sha1_base64="dGK1D1S7JgoKOIuKNUEmRQOfRyE=">AAACAHicbVC7TsMwFHXKq5RXgIGBxaJCYipJqYChQwULY5HoQ2qiynGd1qrjWLaDVEVd+BUWBhBi5TPY+BvcNAO0HOlKR+fcq3vvCQSjSjvOt1VYWV1b3yhulra2d3b37P2DtooTiUkLxyyW3QApwignLU01I10hCYoCRjrB+Hbmdx6JVDTmD3oiiB+hIachxUgbqW8feYKeV+vQQ0yMEIR1eJEpfbvsVJwMcJm4OSmDHM2+/eUNYpxEhGvMkFI91xHaT5HUFDMyLXmJIgLhMRqSnqEcRUT5afbAFJ4aZQDDWJriGmbq74kURUpNosB0RkiP1KI3E//zeokOr/2UcpFowvF8UZgwqGM4SwMOqCRYs4khCEtqboV4hCTC2mRWMiG4iy8vk3a14l5Wave1cuMmj6MIjsEJOAMuuAINcAeaoAUwmIJn8ArerCfrxXq3PuatBSufOQR/YH3+AFfNlFM=</latexit>

⇡/2 < ↵ < 3⇡/2



The Local Moment Regime

- For                             there is no single particle bound state 
the impurity can not be  completely screened. 

- For         even, the total spin  of the ground state is S=1/2  and it is described 
by the analytical continuation of              to values of                         

- The ground state root distribution and the density of states are given as 
above. The impurity is partially screened by the positive part of DOS.

<latexit sha1_base64="nlpBtyWUfdele7wc4BJMswRLt7g=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSJ4qru1qCcpevFYwX5Ady3ZNG1Ds9mQZJWy9H948aCIV/+LN/+NabsHbX0w8Hhvhpl5oeRMG9f9dpaWV1bX1nMb+c2t7Z3dwt5+Q8eJIrROYh6rVog15UzQumGG05ZUFEchp81weDPxm49UaRaLezOSNIhwX7AeI9hY6cHHXA7wFTrzJTstdwpFt+ROgRaJl5EiZKh1Cl9+NyZJRIUhHGvd9lxpghQrwwin47yfaCoxGeI+bVsqcER1kE6vHqNjq3RRL1a2hEFT9fdEiiOtR1FoOyNsBnrem4j/ee3E9C6DlAmZGCrIbFEv4cjEaBIB6jJFieEjSzBRzN6KyAArTIwNKm9D8OZfXiSNcsk7L1XuKsXqdRZHDg7hCE7Agwuowi3UoA4EFDzDK7w5T86L8+58zFqXnGzmAP7A+fwBE8CRmA==</latexit>

↵ > 3⇡/2

<latexit sha1_base64="lesp/9NDjYN1SMRAmqwlfhpxSSg=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BL54konlAsobZSScZMju7zMwKYcknePGgiFe/yJt/4yTZgyYWNBRV3XR3BbHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSrYBqFFxi3XAjsBUrpGEgsBmMrqd+8wmV5pF8MOMY/ZAOJO9zRo2V7m8fsVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2XvvFy5q5SqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBG+2Nsg==</latexit>

Ne

<latexit sha1_base64="G3bhdEsoNgSicUG6YEVSulZ29lw=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpq20oWy2k3bpZhN2N0Kp/RVePCji1Z/jzX/jts1BWx8MPN6bYWZemAqujet+O4WV1bX1jeJmaWt7Z3evvH/Q0EmmGPosEYlqhVSj4BJ9w43AVqqQxqHAZji8mfrNR1SaJ/LejFIMYtqXPOKMGis9PPkdRWVfYLdccavuDGSZeDmpQI56t/zV6SUsi1EaJqjWbc9NTTCmynAmcFLqZBpTyoa0j21LJY1RB+PZwRNyYpUeiRJlSxoyU39PjGms9SgObWdMzUAvelPxP6+dmegqGHOZZgYlmy+KMkFMQqbfkx5XyIwYWUKZ4vZWwgZUUWZsRiUbgrf48jJpnFW9i+r53Xmldp3HUYQjOIZT8OASanALdfCBQQzP8ApvjnJenHfnY95acPKZQ/gD5/MH8S6Qgw==</latexit>

|Ui
<latexit sha1_base64="nlpBtyWUfdele7wc4BJMswRLt7g=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSJ4qru1qCcpevFYwX5Ady3ZNG1Ds9mQZJWy9H948aCIV/+LN/+NabsHbX0w8Hhvhpl5oeRMG9f9dpaWV1bX1nMb+c2t7Z3dwt5+Q8eJIrROYh6rVog15UzQumGG05ZUFEchp81weDPxm49UaRaLezOSNIhwX7AeI9hY6cHHXA7wFTrzJTstdwpFt+ROgRaJl5EiZKh1Cl9+NyZJRIUhHGvd9lxpghQrwwin47yfaCoxGeI+bVsqcER1kE6vHqNjq3RRL1a2hEFT9fdEiiOtR1FoOyNsBnrem4j/ee3E9C6DlAmZGCrIbFEv4cjEaBIB6jJFieEjSzBRzN6KyAArTIwNKm9D8OZfXiSNcsk7L1XuKsXqdRZHDg7hCE7Agwuowi3UoA4EFDzDK7w5T86L8+58zFqXnGzmAP7A+fwBE8CRmA==</latexit>

↵ > 3⇡/2

<latexit sha1_base64="nlpBtyWUfdele7wc4BJMswRLt7g=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSJ4qru1qCcpevFYwX5Ady3ZNG1Ds9mQZJWy9H948aCIV/+LN/+NabsHbX0w8Hhvhpl5oeRMG9f9dpaWV1bX1nMb+c2t7Z3dwt5+Q8eJIrROYh6rVog15UzQumGG05ZUFEchp81weDPxm49UaRaLezOSNIhwX7AeI9hY6cHHXA7wFTrzJTstdwpFt+ROgRaJl5EiZKh1Cl9+NyZJRIUhHGvd9lxpghQrwwin47yfaCoxGeI+bVsqcER1kE6vHqNjq3RRL1a2hEFT9fdEiiOtR1FoOyNsBnrem4j/ee3E9C6DlAmZGCrIbFEv4cjEaBIB6jJFieEjSzBRzN6KyAArTIwNKm9D8OZfXiSNcsk7L1XuKsXqdRZHDg7hCE7Agwuowi3UoA4EFDzDK7w5T86L8+58zFqXnGzmAP7A+fwBE8CRmA==</latexit>

↵ > 3⇡/2

<latexit sha1_base64="B/nYY4Lwb+oktV6pbnBFIWuXw2U="></latexit>
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Dissipation driven phase transition
We saw 

so  bound state energy        is negative for α ≤ π and positive for α ≥ π. 

On the basis of purely energetic considerations, the impurity is screened (resp. 
unscreened) in the region α ≤ π (resp. α ≥ π) with a first  order phase transition at α = π 
where the two states  cross. 
 
However, since     even when α ≤ π, the  impurity is eventually found unscreened 
at sufficiently   large time            .

Indeed, consider  the system with                              :  
prepare the state of the system at time t = 0 in a linear combination of the unscreened 
and screened   states                                     .

 After some time t  (including losses)

So that whenever after a time the system will be in the unscreened 
state |U ⟩.

<latexit sha1_base64="v2yGU3JZFAPoWO6rkZSSwI24C7g="></latexit>

Eb = �TK sin↵ and �b = TK cos↵  0
<latexit sha1_base64="jql6hXawo1BnQhwBp/3ntpQ+ZZY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNRBI8V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHstHM07Qj+hA8pAzaqz0cNsLeuWKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NTJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadkg3BW3x5mTTPqt5F9fz+vFK7zuMowhEcwyl4cAk1uIM6NIDBAJ7hFd4c4bw4787HvLXg5DOH8AfO5w8LMI2n</latexit>

Eb

<latexit sha1_base64="n8sku566/emMEjmUjuzKuS6l0kM=">AAAB9XicbVBNSwMxEJ2tX7V+VT16CRbBU9mVoh6LHvRYwX5Ady3ZNNuGJtklySpl6f/w4kERr/4Xb/4b03YP2vpg4PHeDDPzwoQzbVz32ymsrK6tbxQ3S1vbO7t75f2Dlo5TRWiTxDxWnRBrypmkTcMMp51EUSxCTtvh6Hrqtx+p0iyW92ac0EDggWQRI9hY6cG/wULgXoh8TpHbK1fcqjsDWiZeTiqQo9Erf/n9mKSCSkM41rrruYkJMqwMI5xOSn6qaYLJCA9o11KJBdVBNrt6gk6s0kdRrGxJg2bq74kMC63HIrSdApuhXvSm4n9eNzXRZZAxmaSGSjJfFKUcmRhNI0B9pigxfGwJJorZWxEZYoWJsUGVbAje4svLpHVW9c6rtbtapX6Vx1GEIziGU/DgAupwCw1oAgEFz/AKb86T8+K8Ox/z1oKTzxzCHzifPzJfkaw=</latexit>

�b  0
<latexit sha1_base64="4mlLzj4jnPOWTqWf4szPswY09Xw=">AAACFXicbVDLSgMxFM34tr5GXboJFsGF1Bkp6lJ0ocsK9gGdMtxJ0xpMZsbkTqFUf8KNv+LGhSJuBXf+jWk7C7UeSDiccy7JPVEqhUHP+3Kmpmdm5+YXFgtLyyura+76Rs0kmWa8yhKZ6EYEhksR8yoKlLyRag4qkrwe3ZwN/XqPayOS+Ar7KW8p6MaiIxiglUJ3z98PzkEpCL2g26VIh3eAkIVRwG8z0fP37/JAdBe6Ra/kjUAniZ+TIslRCd3PoJ2wTPEYmQRjmr6XYmsAGgWT/L4QZIanwG6gy5uWxqC4aQ1GW93THau0aSfR9sRIR+rPiQEoY/oqskkFeG3+ekPxP6+ZYee4NRBxmiGP2fihTiYpJnRYEW0LzRnKviXAtLB/pewaNDC0RRZsCf7flSdJ7aDkH5bKl+XiyWlexwLZIttkl/jkiJyQC1IhVcLIA3kiL+TVeXSenTfnfRydcvKZTfILzsc3z/SeBw==</latexit>

1/�0 � t � ⌧b ⌘ 1/|�b|

<latexit sha1_base64="0WoAc3Nx/rFrAKo8g4+Gm8pwq3I=">AAACEXicbVDPSwJBFJ61X2a/tjp2GZJACGQ3pLoEYpeOBq0KKjI7PnVwdnaZmQ1k9V/o0r/SpUMRXbt1679p1A1K+2Dge9/3Hm/e50ecKe04X1ZmZXVtfSO7mdva3tnds/cPaiqMJQWPhjyUDZ8o4EyAp5nm0IgkkMDnUPeH11O/fg9SsVDc6VEE7YD0BesxSrSROnZh3IoUa0ki+hzwFY7x2PupTrGPx5W06th5p+jMgJeJm5I8SlHt2J+tbkjjAISmnCjVdJ1ItxMiNaMcJrlWrCAidEj60DRUkABUO5ldNMEnRuniXijNExrP1N8TCQmUGgW+6QyIHqhFbyr+5zVj3btsJ0xEsQZB54t6Mcc6xNN4cJdJoJqPDCFUMvNXTAdEEqpNiDkTgrt48jKpnRXd82LptpQvV9I4sugIHaMCctEFKqMbVEUeougBPaEX9Go9Ws/Wm/U+b81Y6cwh+gPr4xvxtZx1</latexit>

| i = u|Ui+ b|Bi

<latexit sha1_base64="pGhmeIXGDR5MGLipxUVGsu6jJfs=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkVI9FLx4r2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1Fipk5K+ROIOyhW36i5A1omXkwrkaA7KX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWSpphNrPFufOyIVVhiSMlS1pyEL9PZHRSOtpFNjOiJqxXvXm4n9eLzXhjZ9xmaQGJVsuClNBTEzmv5MhV8iMmFpCmeL2VsLGVFFmbEIlG4K3+vI6aV9VvXq19lCrNG7zOIpwBudwCR5cQwPuoQktYDCBZ3iFNydxXpx352PZWnDymVP4A+fzBz5Ljt0=</latexit>

u 6= 0
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Open boundary conditions:

1-D superconductor  coupled to a Kondo spin

quantum 
spin 1/2
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Kondo spin at the edge of a 1-d  superconductor 

Charge conserving 4 fermion interaction term
- Open SC gap

Phys. Rev. B 105, 174517 (2022)

Phys. Rev. Research 2, 013006 (2020)
Pasnoori, Rylands, Andrei

Pasnoori, Rylands, Andrei, Azaria

Model is integrable for any g  (bulk coupling) and J  (impurity coupling)
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•  The bulk is gapped

• Three  regimes - depending on 
relative values of g and J 
• Kondo      
• YSR
• Local moment 

Bulk parameter

RG invariant

Convenient 
parameters
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J � g



Conclusions and Outlook
• Kondo correlations vs dissipation: A  dynamical phase transition occurs at                         

due to the inelastic collision between the impurity and itinerant atoms in a Kondo system 
in open quantum setting . Recall       is   an RG invariant  parameter which describes the  
coupling to the environment. 

• For                      the Kondo physics survives where the impurity is screened by multiparticle 
Kondo cloud. 

• A dynamical phase appear when                                         where  two distinct kinds of states 
exist: one where bound mode is formed at the impurity site which screens the impurity 
spin and another where impurity is unscreened. 

• For                        the impurity cannot be screened. 

• Note that even in the Kondo-phase only for narrow regime                      the density of 
states has a Lorentzian peak  centered at                but when                         the peak in the 
spinon density starts to move away from              to                .
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• Dissipation plays role  analogous to SC condensate:  removes electrons from the  Kondo cloud  


