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Griffiths’ theorem for the 
ferromagnetic Ising model

Ising model on the  hypercubic latticeL × ⋯ × L

two ways of characterizing the ferromagnetic order

spontaneous magnetization
<latexit sha1_base64="fxJFIBV20t6NScjiNxsuPs2RGQE="></latexit>

µSM = � limh#0
@f(�,h)

@h > 0

infinitesimal magnetic field causes nonzero magnetization
the free energy is non-differentiable at h = 0

THEOREM: (Griffiths 1966) <latexit sha1_base64="wFESj8/n61CNLzSYjRFu3sSVy+M=">AAACIXicbZDLSgMxFIbPeK31VnVpkWARXJUZwcuy6MaFYqv2Au1QMmmmDc1cSDJCGbr0NdyI79AHcONCke7ER/AlTC8LbftD4Mv/n0NyjhNyJpVpfhlz8wuLS8uJleTq2vrGZmpruySDSBBaJAEPRMXBknLm06JiitNKKCj2HE7LTvtikJcfqJAs8O9VJ6S2h5s+cxnBSltBKg0v4EEEdYg1Cc0I7uAauvrWBDojvYJbuIFuPZUxs+ZQaBqsMWRy6V7h53Gvl6+n+rVGQCKP+opwLGXVMkNlx1goRjjtJmuRpCEmbdykVY0+9qi04+GEXXSgnQZyA6GPr9DQ/dsRY0/KjufoSg+rlpzMBuasrBop98yOmR9Givpk9JAbcaQCNFgXajBBieIdDZgIpv+KSAsLTJRealIvwZoceRpKR1nrJHtcsDK5cxgpAbuwD4dgwSnk4BLyUAQCT/AK7/BhPBtvxqfRH5XOGeOeHfgn4/sXCLyegw==</latexit>

µSM � µLRO

Hamiltonian

spontaneous symmetry breaking

<latexit sha1_base64="yt0DUbEvxJN9rEdfyh7MjlCWi1g="></latexit>

HL(�) = �
P

hx,yi �x�y

long-range order

correlation  does not vanish as ⟨σxσy⟩β |x − y | ↑ ∞

<latexit sha1_base64="/cnA1WlrhPiocmf+jA4mEljP598="></latexit>

µLRO = limL"1

q
L�2d

P
x,yh�x�yiL,� > 0



different characterizations of spin glass order

literal breakdown of replica symmetry in the 3-replica system
<latexit sha1_base64="GKpMOa48wyXzTMv8KvWDhAFv2/E="></latexit>

qrsb = � lim
�#0

@f(3)(�,�,��)
@�

<latexit sha1_base64="2Kw3m4WDnX0FjmpFlEoNMIcrIdw="></latexit>

= hR12i � hR13i > 0

<latexit sha1_base64="SvofpUwiUNbp8sHlQWStUDsAqE8=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoMgCGFXUHMMeBG8RDEPSJYwO+mNQ2Znl5lZIYT8gRcPinj1D/wUycUP8e7kcdDEgoaiqpvuriARXBvX/XIyS8srq2vZ9dzG5tb2Tn53r6bjVDGssljEqhFQjYJLrBpuBDYShTQKBNaD3uXYrz+g0jyWd6afoB/RruQhZ9RY6fbEbecLbtGdgCwSb0YKZfj+GI0y15V2/rPViVkaoTRMUK2bnpsYf0CV4UzgMNdKNSaU9WgXm5ZKGqH2B5NLh+TIKh0SxsqWNGSi/p4Y0EjrfhTYzoiaez3vjcX/vGZqwpI/4DJJDUo2XRSmgpiYjN8mHa6QGdG3hDLF7a2E3VNFmbHh5GwI3vzLi6R2WvTOi2c3No0STJGFAziEY/DgAspwBRWoAoMQHuEZXpye8+S8Om/T1owzm9mHP3DefwAQL5DB</latexit>

+0

<latexit sha1_base64="xeNRz3KNObhmstAvgI8O1KjSZY8=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgxbArqDkGvAheopgHJEuYnfTGIbOzy8ysEEL+wIsHRbz6B36K5OKHeHfyOGhiQUNR1U13V5AIro3rfjmZpeWV1bXsem5jc2t7J7+7V9NxqhhWWSxi1QioRsElVg03AhuJQhoFAutB73Ls1x9QaR7LO9NP0I9oV/KQM2qsdHvitvMFt+hOQBaJNyOFMnx/jEaZ60o7/9nqxCyNUBomqNZNz02MP6DKcCZwmGulGhPKerSLTUsljVD7g8mlQ3JklQ4JY2VLGjJRf08MaKR1PwpsZ0TNvZ73xuJ/XjM1YckfcJmkBiWbLgpTQUxMxm+TDlfIjOhbQpni9lbC7qmizNhwcjYEb/7lRVI7LXrnxbMbm0YJpsjCARzCMXhwAWW4ggpUgUEIj/AML07PeXJenbdpa8aZzezDHzjvPxM5kMM=</latexit>�0

<latexit sha1_base64="XH3XOuLVabmTmD3e9N+w6jcfCp0=">AAAB6HicbZC7SgNBFIbPxluMt6ilIItBsAq7gprOgI1lAuYCyRJmJ2eTMbOzy8ysEJaUVjYWitj6FKl8CDufwZdwcik0+sPAx/+fw5xz/JgzpR3n08osLa+srmXXcxubW9s7+d29uooSSbFGIx7Jpk8Uciawppnm2IwlktDn2PAHV5O8cYdSsUjc6GGMXkh6ggWMEm2sqtvJF5yiM5X9F9w5FC7fx9Wv+8NxpZP/aHcjmoQoNOVEqZbrxNpLidSMchzl2onCmNAB6WHLoCAhKi+dDjqyj43TtYNImie0PXV/dqQkVGoY+qYyJLqvFrOJ+V/WSnRQ8lIm4kSjoLOPgoTbOrInW9tdJpFqPjRAqGRmVpv2iSRUm9vkzBHcxZX/Qv206J4Xz6pOoVyCmbJwAEdwAi5cQBmuoQI1oIDwAE/wbN1aj9aL9TorzVjznn34JevtG0IjkP0=</latexit>

1

<latexit sha1_base64="F8FkEfYKFbWhX6CeAoaLBDiUGi8=">AAAB6HicbZC7SgNBFIbPxluMt6ilIItBsAq7ATWdARvLBMwFkhBmJ2eTMbOzy8ysEJaUVjYWitj6FKl8CDufwZdwcik08YeBj/8/hznneBFnSjvOl5VaWV1b30hvZra2d3b3svsHNRXGkmKVhjyUDY8o5ExgVTPNsRFJJIHHse4Nrid5/R6lYqG41cMI2wHpCeYzSrSxKoVONufknansZXDnkLv6GFe+H47H5U72s9UNaRyg0JQTpZquE+l2QqRmlOMo04oVRoQOSA+bBgUJULWT6aAj+9Q4XdsPpXlC21P3d0dCAqWGgWcqA6L7ajGbmP9lzVj7xXbCRBRrFHT2kR9zW4f2ZGu7yyRSzYcGCJXMzGrTPpGEanObjDmCu7jyMtQKefcif15xcqUizJSGIziBM3DhEkpwA2WoAgWER3iGF+vOerJerbdZacqa9xzCH1nvP0OnkP4=</latexit>

2

<latexit sha1_base64="KDHue//9yManPttmBaUs3fpk6Q8=">AAAB6HicbZC7SgNBFIbPxluMt6ilIItBsAq7iprOgI1lAuYCyRJmJyfJmNnZZWZWCEtKKxsLRWx9ilQ+hJ3P4Es4uRSa+MPAx/+fw5xz/IgzpR3ny0otLa+srqXXMxubW9s72d29qgpjSbFCQx7Kuk8UciawopnmWI8kksDnWPP71+O8do9SsVDc6kGEXkC6gnUYJdpY5bNWNufknYnsRXBnkLv6GJW/Hw5HpVb2s9kOaRyg0JQTpRquE2kvIVIzynGYacYKI0L7pIsNg4IEqLxkMujQPjZO2+6E0jyh7Yn7uyMhgVKDwDeVAdE9NZ+Nzf+yRqw7BS9hIoo1Cjr9qBNzW4f2eGu7zSRSzQcGCJXMzGrTHpGEanObjDmCO7/yIlRP8+5F/rzs5IoFmCoNB3AEJ+DCJRThBkpQAQoIj/AML9ad9WS9Wm/T0pQ169mHP7LefwBFK5D/</latexit>

3

models without magnetic field

non-differentiability of the 2-replica free energy
<latexit sha1_base64="86EfpwcyGoZY7ZRV7udcTyM5rq4="></latexit>

qjump = � 1
2

�
lim
�#0

@f(2)(�,�)
@� � lim

�"0
@f(2)(�,�)

@�

 
<latexit sha1_base64="xnPa8O65Z2wR+DmUzGV9+K2BcEw=">AAACFXicbVDLSsNAFL2pr1pfUcGNm2ARLEhJio8uC25cVrAPaGOZTCbt0EkmzEyEEvoTbvwC/8GNC0XcCu78G6dtFtp6YTiHc+7lzj1ezKhUtv1t5JaWV1bX8uuFjc2t7R1zd68peSIwaWDOuGh7SBJGI9JQVDHSjgVBocdIyxteTfzWPRGS8uhWjWLihqgf0YBipLTEzQMI4A5SOIEKlGCs8Qk8IKAAwanmTGOoFV9jqWcW7bI9LWuROBkpQlb1nvnV9TlOQhIpzJCUHceOlZsioShmZFzoJpLECA9Rn3Q0jVBIpJtOrxpbx1rxrYAL/SJlTdXfEykKpRyFnu4MkRrIeW8i/ud1EhVU3ZRGcaJIhGeLgoRZiluTiCyfCoIVG2mCsKD6rxYeIIGw0kEWdAjO/MmLpFkpOxfl85uzYq2axZGHQzjSATtwCTW4hjo0AMMDPMMrvBmPxovxbnzMWnNGNrMPf8r4/AGmEpZg</latexit>

f (2)(�,�)

<latexit sha1_base64="MF2y1bujfBMH8UBCe9Rk+1r/w1g=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBA8hV3xkWPAi8cI5gHJEnpnJ8mQ2dllZlYJS/7DiwdFvfov3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqKGvQWMSqHaBmgkvWMNwI1k4UwygQrBWMbqZ+64EpzWN5b8YJ8yMcSN7nFI2VBvAOAhAiCCAE7JXKbsWdgSwTLydlyFHvlb66YUzTiElDBWrd8dzE+Bkqw6lgk2I31SxBOsIB61gqMWLaz2ZXT8ipVULSj5UtachM/T2RYaT1OApsZ4RmqBe9qfif10lNv+pnXCapYZLOF/VTQUxMphGQkCtGjRhbglRxeyuhQ1RIjQ2qaEPwFl9eJs3zindVuby7KNeqeRwFOIYTOAMPrqEGt1CHBlBQ8AQv8Oo8Os/Om/Mxb11x8pkj+APn8wfINZAV</latexit>

�

<latexit sha1_base64="DvNDOZ0Af0ST7xXlMbPqjLxv6ik="></latexit>

qjump = qEA = hRi+ > 0

<latexit sha1_base64="OTG0Vn5cdgx6/i671SyH938vDjc="></latexit>

= 1
2

�
hRi+ � hRi�

 
> 0

broadening of the overlap distribution
<latexit sha1_base64="0v61arR599GWo7pQERBS52MFk5c="></latexit>

qbr =
q

hR2i �
�
hRi

�2
> 0

<latexit sha1_base64="gzkNSZITZwb/IDUGVVtubiHv7Cc=">AAAB+3icbZDJSgNBEIZr4hbjFvXopTEIegkz4nYMevEYwSyQDKGn05O06VnsrhHDkFfxIqKIV1/Em29jJ5mDJv7Q8PNXFVX9ebEUGm3728otLC4tr+RXC2vrG5tbxe2duo4SxXiNRTJSTY9qLkXIayhQ8masOA08yRve4GpcbzxwpUUU3uIw5m5Ae6HwBaNoojuoQgdewAMOCBQO4R6OOsWSXbYnIvPGyUwJMlU7xa92N2JJwENkkmrdcuwY3ZQqFEzyUaGdaB5TNqA93jI2pAHXbjq5fUQOTNIlfqTMC5FM0t8TKQ20Hgae6Qwo9vVsbRz+V2sl6F+4qQjjBHnIpov8RBKMyBgE6QrFGcqhMZQpYW4lrE8VZWhwFQwEZ/bL86Z+XHbOyqc3J6XKZYYjD3uwb0A6cA4VuDaAa8DgEZ7gFd6skfVsvVsf09aclc3swh9Znz+6M5EE</latexit>

P�(q)

<latexit sha1_base64="iVGWJjUY9T0HmMOpn/tMDZu36y8=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRi0dI5JHAhswODYzMzq4zsyZkwxd48aAxXv0kb/6NA+xBwUo6qVR1p7sriAXXxnW/ndzK6tr6Rn6zsLW9s7tX3D9o6ChRDOssEpFqBVSj4BLrhhuBrVghDQOBzWB0O/WbT6g0j+S9Gcfoh3QgeZ8zaqxUe+wWS27ZnYEsEy8jJchQ7Ra/Or2IJSFKwwTVuu25sfFTqgxnAieFTqIxpmxEB9i2VNIQtZ/ODp2QE6v0SD9StqQhM/X3REpDrcdhYDtDaoZ60ZuK/3ntxPSv/ZTLODEo2XxRPxHERGT6NelxhcyIsSWUKW5vJWxIFWXGZlOwIXiLLy+TxlnZuyxf1M5LlZssjjwcwTGcggdXUIE7qEIdGCA8wyu8OQ/Oi/PufMxbc042cwh/4Hz+AN7djP8=</latexit>q
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definitions and main results 

discussion



Edwards-Anderson (EA) model with a 
magnetic field

 : -dimensional  hypercubic latticeΛL d L × ⋯ × L
periodic b.c. (in this video)

 : spin on σx = ± 1 x ∈ ΛL  : spin configurationσ = (σx)x∈ΛL

Hamiltonian
nearest neighbor pairs in  ΛL

<latexit sha1_base64="AHcFaN6+lhYmWpwYPa0a4Uf3Q3w="></latexit>

HL(�) = �
P

hx,yi Jxy�x�y �
P

x2⇤L
hx�x

<latexit sha1_base64="5WZdyyk5GZ9CARmtiIFAK1BCsXA="></latexit>

Jxy = Jyx 2 R random interaction (i.i.d.)
<latexit sha1_base64="9VhSljllCg7VyOJaO8Niki41Ncc=">AAACCXicbVC7TsMwFL3hWcorgMTCYlEhMVUJEo+xKgtji+hDaqPKcZ3WquNEtoOooq4sfAcbDAwgxApfwMbCt+A+Bmg5lq+OzrlX9j1+zJnSjvNlzc0vLC4tZ1ayq2vrG5v21nZVRYkktEIiHsm6jxXlTNCKZprTeiwpDn1Oa37vfOjXrqlULBJXuh9TL8QdwQJGsDZSZNvQhRbcwD0wEKaGgEEbzTcnhUsYtOyck3dGQLPEnZBcYbf8zR6LH6WW/dlsRyQJqdCEY6UarhNrL8VSM8LpINtMFI0x6eEObRgqcEiVl442GaADo7RREElzhUYj9fdEikOl+qFvOkOsu2raG4r/eY1EB2deykScaCrI+KEg4UhHaBgLajNJieZ9QzCRzPwVkS6WmGgTXtaE4E6vPEuqR3n3JH9cdnOFIoyRgT3Yh0Nw4RQKcAElqACBW3iAZ3ix7qwn69V6G7fOWZOZHfgD6/0HNgGYqw==</latexit>

hx 2 R random (or non-random) magnetic field (i.i.d.)
the equilibrium state at  in the limit β L ↑ ∞

standard EA model (  for all  )hx = 0 x
may exhibit a spin glass phase if d ≥ 3

EA model with a magnetic field
not known if it exhibits a spin glass phase in d = 3
it probably has a spin glass phase if d > 6



Edwards-Anderson (EA) model with a 
magnetic field

 : -dimensional  hypercubic latticeΛL d L × ⋯ × L
periodic b.c. (in this video)

 : spin on σx = ± 1 x ∈ ΛL  : spin configurationσ = (σx)x∈ΛL

Hamiltonian
nearest neighbor pairs in  ΛL

<latexit sha1_base64="AHcFaN6+lhYmWpwYPa0a4Uf3Q3w="></latexit>

HL(�) = �
P

hx,yi Jxy�x�y �
P

x2⇤L
hx�x

<latexit sha1_base64="5WZdyyk5GZ9CARmtiIFAK1BCsXA="></latexit>

Jxy = Jyx 2 R random interaction (i.i.d.)
<latexit sha1_base64="9VhSljllCg7VyOJaO8Niki41Ncc=">AAACCXicbVC7TsMwFL3hWcorgMTCYlEhMVUJEo+xKgtji+hDaqPKcZ3WquNEtoOooq4sfAcbDAwgxApfwMbCt+A+Bmg5lq+OzrlX9j1+zJnSjvNlzc0vLC4tZ1ayq2vrG5v21nZVRYkktEIiHsm6jxXlTNCKZprTeiwpDn1Oa37vfOjXrqlULBJXuh9TL8QdwQJGsDZSZNvQhRbcwD0wEKaGgEEbzTcnhUsYtOyck3dGQLPEnZBcYbf8zR6LH6WW/dlsRyQJqdCEY6UarhNrL8VSM8LpINtMFI0x6eEObRgqcEiVl442GaADo7RREElzhUYj9fdEikOl+qFvOkOsu2raG4r/eY1EB2deykScaCrI+KEg4UhHaBgLajNJieZ9QzCRzPwVkS6WmGgTXtaE4E6vPEuqR3n3JH9cdnOFIoyRgT3Yh0Nw4RQKcAElqACBW3iAZ3ix7qwn69V6G7fOWZOZHfgD6/0HNgGYqw==</latexit>

hx 2 R random (or non-random) magnetic field (i.i.d.)
the equilibrium state at  in the limit β L ↑ ∞

standard AE model (  for all  )hx = 0 x
may exhibit a spin glass phase if d ≥ 3

AE model with a magnetic field
not known if it exhibits a spin glass phase in d = 3
it probably has a spin glass phase if d > 6

but the nature of the 
phase is still 

controversial!
this is also 

controversial!

we do not discuss the existence or the 
nature of the spin glass phase, but study 
the relations between different 
characterizations of “spin glass order”



replica overlap and the broadening 
order parameter qbr
expectation value for two independent replicas

<latexit sha1_base64="gqeqBw5ES/RsQ9/tSCrBXKhQyTc="></latexit>

�2 = (�2
x)x2⇤L

<latexit sha1_base64="EfKohJ8dKtAqm9tlcDZWnbhmu+s="></latexit>

�1 = (�1
x)x2⇤L

replica overlap
<latexit sha1_base64="4Y3tDbubMspdttO4bhftIxdrjVY="></latexit>

R = L�d
P

x �
1
x�

2
x

replica overlap distribution
<latexit sha1_base64="gzkNSZITZwb/IDUGVVtubiHv7Cc=">AAAB+3icbZDJSgNBEIZr4hbjFvXopTEIegkz4nYMevEYwSyQDKGn05O06VnsrhHDkFfxIqKIV1/Em29jJ5mDJv7Q8PNXFVX9ebEUGm3728otLC4tr+RXC2vrG5tbxe2duo4SxXiNRTJSTY9qLkXIayhQ8masOA08yRve4GpcbzxwpUUU3uIw5m5Ae6HwBaNoojuoQgdewAMOCBQO4R6OOsWSXbYnIvPGyUwJMlU7xa92N2JJwENkkmrdcuwY3ZQqFEzyUaGdaB5TNqA93jI2pAHXbjq5fUQOTNIlfqTMC5FM0t8TKQ20Hgae6Qwo9vVsbRz+V2sl6F+4qQjjBHnIpov8RBKMyBgE6QrFGcqhMZQpYW4lrE8VZWhwFQwEZ/bL86Z+XHbOyqc3J6XKZYYjD3uwb0A6cA4VuDaAa8DgEZ7gFd6skfVsvVsf09aclc3swh9Znz+6M5EE</latexit>

P�(q)

<latexit sha1_base64="iVGWJjUY9T0HmMOpn/tMDZu36y8=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRi0dI5JHAhswODYzMzq4zsyZkwxd48aAxXv0kb/6NA+xBwUo6qVR1p7sriAXXxnW/ndzK6tr6Rn6zsLW9s7tX3D9o6ChRDOssEpFqBVSj4BLrhhuBrVghDQOBzWB0O/WbT6g0j+S9Gcfoh3QgeZ8zaqxUe+wWS27ZnYEsEy8jJchQ7Ra/Or2IJSFKwwTVuu25sfFTqgxnAieFTqIxpmxEB9i2VNIQtZ/ODp2QE6v0SD9StqQhM/X3REpDrcdhYDtDaoZ60ZuK/3ntxPSv/ZTLODEo2XxRPxHERGT6NelxhcyIsSWUKW5vJWxIFWXGZlOwIXiLLy+TxlnZuyxf1M5LlZssjjwcwTGcggdXUIE7qEIdGCA8wyu8OQ/Oi/PufMxbc042cwh/4Hz+AN7djP8=</latexit>q

<latexit sha1_base64="gzkNSZITZwb/IDUGVVtubiHv7Cc=">AAAB+3icbZDJSgNBEIZr4hbjFvXopTEIegkz4nYMevEYwSyQDKGn05O06VnsrhHDkFfxIqKIV1/Em29jJ5mDJv7Q8PNXFVX9ebEUGm3728otLC4tr+RXC2vrG5tbxe2duo4SxXiNRTJSTY9qLkXIayhQ8masOA08yRve4GpcbzxwpUUU3uIw5m5Ae6HwBaNoojuoQgdewAMOCBQO4R6OOsWSXbYnIvPGyUwJMlU7xa92N2JJwENkkmrdcuwY3ZQqFEzyUaGdaB5TNqA93jI2pAHXbjq5fUQOTNIlfqTMC5FM0t8TKQ20Hgae6Qwo9vVsbRz+V2sl6F+4qQjjBHnIpov8RBKMyBgE6QrFGcqhMZQpYW4lrE8VZWhwFQwEZ/bL86Z+XHbOyqc3J6XKZYYjD3uwb0A6cA4VuDaAa8DgEZ7gFd6skfVsvVsf09aclc3swh9Znz+6M5EE</latexit>

P�(q)

<latexit sha1_base64="iVGWJjUY9T0HmMOpn/tMDZu36y8=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRi0dI5JHAhswODYzMzq4zsyZkwxd48aAxXv0kb/6NA+xBwUo6qVR1p7sriAXXxnW/ndzK6tr6Rn6zsLW9s7tX3D9o6ChRDOssEpFqBVSj4BLrhhuBrVghDQOBzWB0O/WbT6g0j+S9Gcfoh3QgeZ8zaqxUe+wWS27ZnYEsEy8jJchQ7Ra/Or2IJSFKwwTVuu25sfFTqgxnAieFTqIxpmxEB9i2VNIQtZ/ODp2QE6v0SD9StqQhM/X3REpDrcdhYDtDaoZ60ZuK/3ntxPSv/ZTLODEo2XxRPxHERGT6NelxhcyIsSWUKW5vJWxIFWXGZlOwIXiLLy+TxlnZuyxf1M5LlZssjjwcwTGcggdXUIE7qEIdGCA8wyu8OQ/Oi/PufMxbc042cwh/4Hz+AN7djP8=</latexit>q

<latexit sha1_base64="gzkNSZITZwb/IDUGVVtubiHv7Cc=">AAAB+3icbZDJSgNBEIZr4hbjFvXopTEIegkz4nYMevEYwSyQDKGn05O06VnsrhHDkFfxIqKIV1/Em29jJ5mDJv7Q8PNXFVX9ebEUGm3728otLC4tr+RXC2vrG5tbxe2duo4SxXiNRTJSTY9qLkXIayhQ8masOA08yRve4GpcbzxwpUUU3uIw5m5Ae6HwBaNoojuoQgdewAMOCBQO4R6OOsWSXbYnIvPGyUwJMlU7xa92N2JJwENkkmrdcuwY3ZQqFEzyUaGdaB5TNqA93jI2pAHXbjq5fUQOTNIlfqTMC5FM0t8TKQ20Hgae6Qwo9vVsbRz+V2sl6F+4qQjjBHnIpov8RBKMyBgE6QrFGcqhMZQpYW4lrE8VZWhwFQwEZ/bL86Z+XHbOyqc3J6XKZYYjD3uwb0A6cA4VuDaAa8DgEZ7gFd6skfVsvVsf09aclc3swh9Znz+6M5EE</latexit>

P�(q)

<latexit sha1_base64="iVGWJjUY9T0HmMOpn/tMDZu36y8=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRi0dI5JHAhswODYzMzq4zsyZkwxd48aAxXv0kb/6NA+xBwUo6qVR1p7sriAXXxnW/ndzK6tr6Rn6zsLW9s7tX3D9o6ChRDOssEpFqBVSj4BLrhhuBrVghDQOBzWB0O/WbT6g0j+S9Gcfoh3QgeZ8zaqxUe+wWS27ZnYEsEy8jJchQ7Ra/Or2IJSFKwwTVuu25sfFTqgxnAieFTqIxpmxEB9i2VNIQtZ/ODp2QE6v0SD9StqQhM/X3REpDrcdhYDtDaoZ60ZuK/3ntxPSv/ZTLODEo2XxRPxHERGT6NelxhcyIsSWUKW5vJWxIFWXGZlOwIXiLLy+TxlnZuyxf1M5LlZssjjwcwTGcggdXUIE7qEIdGCA8wyu8OQ/Oi/PufMxbc042cwh/4Hz+AN7djP8=</latexit>q

random average
<latexit sha1_base64="8Os6CYIYmq2UwNNndUx8/Uhnh9c="></latexit>

P�(q) = limL"1 h�(R� q)i(2)L,�

no order some order

qbr = 0
qbr > 0

qbr > 0

<latexit sha1_base64="U9BBB2Cf0OFT3rzXlvj8j1ZUoYE="></latexit>

h· · · i(2)
L,�

=
X

�1,�2

(· · · )e
��HL(�1)

ZL(�)

e��HL(�2)

ZL(�)

order = broadening of  can be quantified by Pβ(q)
<latexit sha1_base64="/FUOvfUrvn3lzo8R1SFsA+EPkrs="></latexit>

qbr =
qR

dq q2 P�(q)� {
R
dq q P�(q)}2 = lim

L"1

r
hR2i(2)L,� �

⇣
hRi(2)L,�

⌘2



non-differentiability of the 2-replica free 
energy and the jump order parameter qjump
two replicas with explicit coupling λ ∈ ℝ
Hamiltonian
free energy

if the system has any order,  should be singular at f (2) λ = 0
<latexit sha1_base64="xnPa8O65Z2wR+DmUzGV9+K2BcEw=">AAACFXicbVDLSsNAFL2pr1pfUcGNm2ARLEhJio8uC25cVrAPaGOZTCbt0EkmzEyEEvoTbvwC/8GNC0XcCu78G6dtFtp6YTiHc+7lzj1ezKhUtv1t5JaWV1bX8uuFjc2t7R1zd68peSIwaWDOuGh7SBJGI9JQVDHSjgVBocdIyxteTfzWPRGS8uhWjWLihqgf0YBipLTEzQMI4A5SOIEKlGCs8Qk8IKAAwanmTGOoFV9jqWcW7bI9LWuROBkpQlb1nvnV9TlOQhIpzJCUHceOlZsioShmZFzoJpLECA9Rn3Q0jVBIpJtOrxpbx1rxrYAL/SJlTdXfEykKpRyFnu4MkRrIeW8i/ud1EhVU3ZRGcaJIhGeLgoRZiluTiCyfCoIVG2mCsKD6rxYeIIGw0kEWdAjO/MmLpFkpOxfl85uzYq2axZGHQzjSATtwCTW4hjo0AMMDPMMrvBmPxovxbnzMWnNGNrMPf8r4/AGmEpZg</latexit>

f (2)(�,�)

<latexit sha1_base64="MF2y1bujfBMH8UBCe9Rk+1r/w1g=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBA8hV3xkWPAi8cI5gHJEnpnJ8mQ2dllZlYJS/7DiwdFvfov3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqKGvQWMSqHaBmgkvWMNwI1k4UwygQrBWMbqZ+64EpzWN5b8YJ8yMcSN7nFI2VBvAOAhAiCCAE7JXKbsWdgSwTLydlyFHvlb66YUzTiElDBWrd8dzE+Bkqw6lgk2I31SxBOsIB61gqMWLaz2ZXT8ipVULSj5UtachM/T2RYaT1OApsZ4RmqBe9qfif10lNv+pnXCapYZLOF/VTQUxMphGQkCtGjRhbglRxeyuhQ1RIjQ2qaEPwFl9eJs3zindVuby7KNeqeRwFOIYTOAMPrqEGt1CHBlBQ8AQv8Oo8Os/Om/Mxb11x8pkj+APn8wfINZAV</latexit>

�

qjump > 0

van Enter, Griffiths 1983

 is non-differentiable at qjump > 0 ⟺ f (2) λ = 0

<latexit sha1_base64="dbHNZms/OW1CSxl+qNoUu9oYDqU="></latexit>

qjump = � 1
2

n
lim
�#0

@f(2)(�,�)
@� � lim

�"0
@f(2)(�,�)

@�

o

<latexit sha1_base64="mR1x6VgSjd99qIC437NKrjfYY8M="></latexit>

= 1
2

n
hRi(2)�,�=+0 � hRi(2)�,�=�0

o

for the standard EA model without a magnetic field
EA order parameter

<latexit sha1_base64="/HU31a4R+IHx8UP9fOOjOakr0ek="></latexit>

qjump = qEA = hRi(2)�,�=+0

<latexit sha1_base64="NMHENTZNCpuh7HdPqm8SEorJuJ4="></latexit>

HL(�
1
,�2;�) = HL(�

1) +HL(�
2)� ��1 · �2

<latexit sha1_base64="cthuatfqhwp/C+zaLbnKCnqmmlg="></latexit>

f (2)(�,�) = � lim
L"1

1

�Ld
log

P
�1,�2 e��HL(�1,�2;�)



the first and the second theorems

the theorems can be proved for any classical spin glass 
model with short-range interaction and bounded spins

<latexit sha1_base64="xnPa8O65Z2wR+DmUzGV9+K2BcEw=">AAACFXicbVDLSsNAFL2pr1pfUcGNm2ARLEhJio8uC25cVrAPaGOZTCbt0EkmzEyEEvoTbvwC/8GNC0XcCu78G6dtFtp6YTiHc+7lzj1ezKhUtv1t5JaWV1bX8uuFjc2t7R1zd68peSIwaWDOuGh7SBJGI9JQVDHSjgVBocdIyxteTfzWPRGS8uhWjWLihqgf0YBipLTEzQMI4A5SOIEKlGCs8Qk8IKAAwanmTGOoFV9jqWcW7bI9LWuROBkpQlb1nvnV9TlOQhIpzJCUHceOlZsioShmZFzoJpLECA9Rn3Q0jVBIpJtOrxpbx1rxrYAL/SJlTdXfEykKpRyFnu4MkRrIeW8i/ud1EhVU3ZRGcaJIhGeLgoRZiluTiCyfCoIVG2mCsKD6rxYeIIGw0kEWdAjO/MmLpFkpOxfl85uzYq2axZGHQzjSATtwCTW4hjo0AMMDPMMrvBmPxovxbnzMWnNGNrMPf8r4/AGmEpZg</latexit>

f (2)(�,�)

<latexit sha1_base64="MF2y1bujfBMH8UBCe9Rk+1r/w1g=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBA8hV3xkWPAi8cI5gHJEnpnJ8mQ2dllZlYJS/7DiwdFvfov3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqKGvQWMSqHaBmgkvWMNwI1k4UwygQrBWMbqZ+64EpzWN5b8YJ8yMcSN7nFI2VBvAOAhAiCCAE7JXKbsWdgSwTLydlyFHvlb66YUzTiElDBWrd8dzE+Bkqw6lgk2I31SxBOsIB61gqMWLaz2ZXT8ipVULSj5UtachM/T2RYaT1OApsZ4RmqBe9qfif10lNv+pnXCapYZLOF/VTQUxMphGQkCtGjRhbglRxeyuhQ1RIjQ2qaEPwFl9eJs3zindVuby7KNeqeRwFOIYTOAMPrqEGt1CHBlBQ8AQv8Oo8Os/Om/Mxb11x8pkj+APn8wfINZAV</latexit>

�
qjump > 0

THEOREM 1: in the standard EA model without 
a magnetic field, one has qbr ≤ qEA = qjump

THEOREM 2: in the general EA model, 
one has (qbr)2

4
≤ qjump

straight forward extension of Griffiths’ theorem

<latexit sha1_base64="gzkNSZITZwb/IDUGVVtubiHv7Cc=">AAAB+3icbZDJSgNBEIZr4hbjFvXopTEIegkz4nYMevEYwSyQDKGn05O06VnsrhHDkFfxIqKIV1/Em29jJ5mDJv7Q8PNXFVX9ebEUGm3728otLC4tr+RXC2vrG5tbxe2duo4SxXiNRTJSTY9qLkXIayhQ8masOA08yRve4GpcbzxwpUUU3uIw5m5Ae6HwBaNoojuoQgdewAMOCBQO4R6OOsWSXbYnIvPGyUwJMlU7xa92N2JJwENkkmrdcuwY3ZQqFEzyUaGdaB5TNqA93jI2pAHXbjq5fUQOTNIlfqTMC5FM0t8TKQ20Hgae6Qwo9vVsbRz+V2sl6F+4qQjjBHnIpov8RBKMyBgE6QrFGcqhMZQpYW4lrE8VZWhwFQwEZ/bL86Z+XHbOyqc3J6XKZYYjD3uwb0A6cA4VuDaAa8DgEZ7gFd6skfVsvVsf09aclc3swh9Znz+6M5EE</latexit>

P�(q)

<latexit sha1_base64="iVGWJjUY9T0HmMOpn/tMDZu36y8=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRi0dI5JHAhswODYzMzq4zsyZkwxd48aAxXv0kb/6NA+xBwUo6qVR1p7sriAXXxnW/ndzK6tr6Rn6zsLW9s7tX3D9o6ChRDOssEpFqBVSj4BLrhhuBrVghDQOBzWB0O/WbT6g0j+S9Gcfoh3QgeZ8zaqxUe+wWS27ZnYEsEy8jJchQ7Ra/Or2IJSFKwwTVuu25sfFTqgxnAieFTqIxpmxEB9i2VNIQtZ/ODp2QE6v0SD9StqQhM/X3REpDrcdhYDtDaoZ60ZuK/3ntxPSv/ZTLODEo2XxRPxHERGT6NelxhcyIsSWUKW5vJWxIFWXGZlOwIXiLLy+TxlnZuyxf1M5LlZssjjwcwTGcggdXUIE7qEIdGCA8wyu8OQ/Oi/PufMxbc042cwh/4Hz+AN7djP8=</latexit>q

<latexit sha1_base64="gzkNSZITZwb/IDUGVVtubiHv7Cc=">AAAB+3icbZDJSgNBEIZr4hbjFvXopTEIegkz4nYMevEYwSyQDKGn05O06VnsrhHDkFfxIqKIV1/Em29jJ5mDJv7Q8PNXFVX9ebEUGm3728otLC4tr+RXC2vrG5tbxe2duo4SxXiNRTJSTY9qLkXIayhQ8masOA08yRve4GpcbzxwpUUU3uIw5m5Ae6HwBaNoojuoQgdewAMOCBQO4R6OOsWSXbYnIvPGyUwJMlU7xa92N2JJwENkkmrdcuwY3ZQqFEzyUaGdaB5TNqA93jI2pAHXbjq5fUQOTNIlfqTMC5FM0t8TKQ20Hgae6Qwo9vVsbRz+V2sl6F+4qQjjBHnIpov8RBKMyBgE6QrFGcqhMZQpYW4lrE8VZWhwFQwEZ/bL86Z+XHbOyqc3J6XKZYYjD3uwb0A6cA4VuDaAa8DgEZ7gFd6skfVsvVsf09aclc3swh9Znz+6M5EE</latexit>

P�(q)

<latexit sha1_base64="iVGWJjUY9T0HmMOpn/tMDZu36y8=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRi0dI5JHAhswODYzMzq4zsyZkwxd48aAxXv0kb/6NA+xBwUo6qVR1p7sriAXXxnW/ndzK6tr6Rn6zsLW9s7tX3D9o6ChRDOssEpFqBVSj4BLrhhuBrVghDQOBzWB0O/WbT6g0j+S9Gcfoh3QgeZ8zaqxUe+wWS27ZnYEsEy8jJchQ7Ra/Or2IJSFKwwTVuu25sfFTqgxnAieFTqIxpmxEB9i2VNIQtZ/ODp2QE6v0SD9StqQhM/X3REpDrcdhYDtDaoZ60ZuK/3ntxPSv/ZTLODEo2XxRPxHERGT6NelxhcyIsSWUKW5vJWxIFWXGZlOwIXiLLy+TxlnZuyxf1M5LlZssjjwcwTGcggdXUIE7qEIdGCA8wyu8OQ/Oi/PufMxbc042cwh/4Hz+AN7djP8=</latexit>q

qbr > 0

broadening of the overlap distribution implies non-
differentiability of the two-replica free energy



the idea of the proof (for the EA model)
<latexit sha1_base64="D1P6aNB9JL2z5+YakbkY2hVx1NQ="></latexit>

qbr = lim
L"1

r
hR2i(2)L,� = lim

L"1
L�d

r
P

x,y2⇤L

�
h�x�yiL,�

�2

<latexit sha1_base64="BisI5OQVNq4ag+9taNrOEzzc7aA="></latexit>

 max
bc

X

x2S1

�
h�xi`,�,bc

�2
max
bc

X

y2S2

�
h�yi`,�,bc

�2

van Enter, Griffiths 1983

<latexit sha1_base64="BOvVSULLfKAblBLDstNTUvPs3n4="></latexit> X

x2S1

y2S2

�
h�x�yiL,�

�2

<latexit sha1_base64="ChpdFj9lVdjZu0mhMpOVQ67V+dM=">AAAB6HicbZDJSgNBEIZr4hbHLerRS2MQPIUZweUiBr14TMAskAyhp1OTtOlZ6O4RQ8gTePGgiFd9GO9exLexsxw08YeGj/+voqvKTwRX2nG+rczC4tLySnbVXlvf2NzKbe9UVZxKhhUWi1jWfapQ8AgrmmuB9UQiDX2BNb93NcprdygVj6Mb3U/QC2kn4gFnVBurfN/K5Z2CMxaZB3cK+YsP+zx5/7JLrdxnsx2zNMRIM0GVarhOor0BlZozgUO7mSpMKOvRDjYMRjRE5Q3Ggw7JgXHaJIileZEmY/d3x4CGSvVD31SGVHfVbDYy/8saqQ7OvAGPklRjxCYfBakgOiajrUmbS2Ra9A1QJrmZlbAulZRpcxvbHMGdXXkeqkcF96RwXHbyxUuYKAt7sA+H4MIpFOEaSlABBggP8ATP1q31aL1Yr5PSjDXt2YU/st5+AEkPkEM=</latexit>x

<latexit sha1_base64="FAhI/YrwAtDH+lAyekKleCQWnLs=">AAAB6HicbVDJSgNBEK2JW4xb1KMijUHwFGYEl2PQi8cEzALJEHo6laRNz0J3jzAMOXry4kERr35FvsOb3+BP2FkOmvig4PFeFVX1vEhwpW37y8osLa+srmXXcxubW9s7+d29mgpjybDKQhHKhkcVCh5gVXMtsBFJpL4nsO4NbsZ+/QGl4mFwp5MIXZ/2At7ljGojVZJ2vmAX7QnIInFmpFA6HFW+H49G5Xb+s9UJWexjoJmgSjUdO9JuSqXmTOAw14oVRpQNaA+bhgbUR+Wmk0OH5MQoHdINpalAk4n6eyKlvlKJ75lOn+q+mvfG4n9eM9bdKzflQRRrDNh0UTcWRIdk/DXpcIlMi8QQyiQ3txLWp5IybbLJmRCc+ZcXSe2s6FwUzysmjWuYIgsHcAyn4MAllOAWylAFBghP8AKv1r31bL1Z79PWjDWb2Yc/sD5+ANf8kK4=</latexit>y

<latexit sha1_base64="Jrmtge7gcNKXH+qRRdIX6DWppKQ=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMKu4KMMsbFMiHlAsoTZyWwyZHZmmZkVwpJPsLFQxNbWv/AL7Gz8FiePQhMPXDiccy/33hPEnGnjul9OZmV1bX0ju5nb2t7Z3cvvHzS0TBShdSK5VK0Aa8qZoHXDDKetWFEcBZw2g+HNxG/eU6WZFHdmFFM/wn3BQkawsVKt1vW6+YJbdKdAy8Sbk0LpqPrN3ssflW7+s9OTJImoMI RjrdueGxs/xcowwuk410k0jTEZ4j5tWypwRLWfTk8do1Or9FAolS1h0FT9PZHiSOtRFNjOCJuBXvQm4n9eOzHhtZ8yESeGCjJbFCYcGYkmf6MeU5QYPrIEE8XsrYgMsMLE2HRyNgRv8eVl0jgvepfFi6pNowwzZOEYTuAMPLiCEtxCBepAoA8P8ATPDncenRfnddaaceYzh/AHztsPtSuRIg==</latexit>

S1

<latexit sha1_base64="nBZDDAWV9hcqLhJv6hiR++vI/kU=">AAAB6nicbVC7SgNBFL3jM8ZXVLCxGQyCVdgN+ChDbCwTYh6QLGF2MpsMmZ1dZmaFsOQTbCwUsbX1L/wCOxu/xcmj0MQDFw7n3Mu99/ix4No4zhdaWV1b39jMbGW3d3b39nMHhw0dJYqyOo1EpFo+0UxwyeqGG8FasWIk9AVr+sObid+8Z0rzSN6ZUcy8kPQlDzglxkq1WrfYzeWdgjMFXibunORLx9Vv/l7+qHRzn51eRJOQSUMF0brtOrHxUqIMp4KNs51Es5jQIemztqWShEx76fTUMT6zSg8HkbIlDZ6qvydSEmo9Cn3bGRIz0IveRPzPaycmuPZSLuPEMElni4JEYBPhyd+4xxWjRowsIVRxeyumA6IINTadrA3BXXx5mTSKBfeycFG1aZRhhgycwCmcgwtXUIJbqEAdKPThAZ7gGQn0iF7Q66x1Bc1njuAP0NsPtq+RIw==</latexit>

S2<latexit sha1_base64="BVTUvsK1h8N7SeEIrVELL7dSLnQ=">AAAB73icbVDJSgNBEK2JWxy3qEcvjUHwFGYEl4sY9OIxglkgGUJPT03SpGexu0cIIT/hxYMignjwS7x7Ef/GznLQ6IOCx3tVVNXzU8GVdpwvKzc3v7C4lF+2V1bX1jcKm1s1lWSSYZUlIpENnyoUPMaq5lpgI5VII19g3e9djPz6LUrFk/ha91P0ItqJecgZ1UYK4BUQBIh2oeiUnDHIX+JOSfHs3T5NXz7tSrvw0QoSlkUYayaoUk3XSbU3oFJzJnBotzKFKWU92sGmoTGNUHmD8b1DsmeUgISJNBVrMlZ/TgxopFQ/8k1nRHVXzXoj8T+vmenwxBvwOM00xmyyKMwE0QkZPU8CLpFp0TeEMsnNrYR1qaRMm4hsE4I7+/JfUjsouUelwyunWD6HCfKwA7uwDy4cQxkuoQJVYCbWO3iAR+vGureerOdJa86azmzDL1hv34kkkf8=</latexit>

`

<latexit sha1_base64="ChpdFj9lVdjZu0mhMpOVQ67V+dM=">AAAB6HicbZDJSgNBEIZr4hbHLerRS2MQPIUZweUiBr14TMAskAyhp1OTtOlZ6O4RQ8gTePGgiFd9GO9exLexsxw08YeGj/+voqvKTwRX2nG+rczC4tLySnbVXlvf2NzKbe9UVZxKhhUWi1jWfapQ8AgrmmuB9UQiDX2BNb93NcprdygVj6Mb3U/QC2kn4gFnVBurfN/K5Z2CMxaZB3cK+YsP+zx5/7JLrdxnsx2zNMRIM0GVarhOor0BlZozgUO7mSpMKOvRDjYMRjRE5Q3Ggw7JgXHaJIileZEmY/d3x4CGSvVD31SGVHfVbDYy/8saqQ7OvAGPklRjxCYfBakgOiajrUmbS2Ra9A1QJrmZlbAulZRpcxvbHMGdXXkeqkcF96RwXHbyxUuYKAt7sA+H4MIpFOEaSlABBggP8ATP1q31aL1Yr5PSjDXt2YU/st5+AEkPkEM=</latexit>x

<latexit sha1_base64="FAhI/YrwAtDH+lAyekKleCQWnLs=">AAAB6HicbVDJSgNBEK2JW4xb1KMijUHwFGYEl2PQi8cEzALJEHo6laRNz0J3jzAMOXry4kERr35FvsOb3+BP2FkOmvig4PFeFVX1vEhwpW37y8osLa+srmXXcxubW9s7+d29mgpjybDKQhHKhkcVCh5gVXMtsBFJpL4nsO4NbsZ+/QGl4mFwp5MIXZ/2At7ljGojVZJ2vmAX7QnIInFmpFA6HFW+H49G5Xb+s9UJWexjoJmgSjUdO9JuSqXmTOAw14oVRpQNaA+bhgbUR+Wmk0OH5MQoHdINpalAk4n6eyKlvlKJ75lOn+q+mvfG4n9eM9bdKzflQRRrDNh0UTcWRIdk/DXpcIlMi8QQyiQ3txLWp5IybbLJmRCc+ZcXSe2s6FwUzysmjWuYIgsHcAyn4MAllOAWylAFBghP8AKv1r31bL1Z79PWjDWb2Yc/sD5+ANf8kK4=</latexit>y

<latexit sha1_base64="Jrmtge7gcNKXH+qRRdIX6DWppKQ=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMKu4KMMsbFMiHlAsoTZyWwyZHZmmZkVwpJPsLFQxNbWv/AL7Gz8FiePQhMPXDiccy/33hPEnGnjul9OZmV1bX0ju5nb2t7Z3cvvHzS0TBShdSK5VK0Aa8qZoHXDDKetWFEcBZw2g+HNxG/eU6WZFHdmFFM/wn3BQkawsVKt1vW6+YJbdKdAy8Sbk0LpqPrN3ssflW7+s9OTJImoMIRjrdueGxs/xcowwuk410k0jTEZ4j5tWypwRLWfTk8do1Or9FAolS1h0FT9PZHiSOtRFNjOCJuBXvQm4n9eOzHhtZ8yESeGCjJbFCYcGYkmf6MeU5QYPrIEE8XsrYgMsMLE2HRyNgRv8eVl0jgvepfFi6pNowwzZOEYTuAMPLiCEtxCBepAoA8P8ATPDncenRfnddaaceYzh/AHztsPtSuRIg==</latexit>

S1

<latexit sha1_base64="nBZDDAWV9hcqLhJv6hiR++vI/kU=">AAAB6nicbVC7SgNBFL3jM8ZXVLCxGQyCVdgN+ChDbCwTYh6QLGF2MpsMmZ1dZmaFsOQTbCwUsbX1L/wCOxu/xcmj0MQDFw7n3Mu99/ix4No4zhdaWV1b39jMbGW3d3b39nMHhw0dJYqyOo1EpFo+0UxwyeqGG8FasWIk9AVr+sObid+8Z0rzSN6ZUcy8kPQlDzglxkq1WrfYzeWdgjMFXibunORLx9Vv/l7+qHRzn51eRJOQSUMF0brtOrHxUqIMp4KNs51Es5jQIemztqWShEx76fTUMT6zSg8HkbIlDZ6qvydSEmo9Cn3bGRIz0IveRPzPaycmuPZSLuPEMElni4JEYBPhyd+4xxWjRowsIVRxeyumA6IINTadrA3BXXx5mTSKBfeycFG1aZRhhgycwCmcgwtXUIJbqEAdKPThAZ7gGQn0iF7Q66x1Bc1njuAP0NsPtq+RIw==</latexit>

S2
<latexit sha1_base64="AsbnVqJMUQ3+szZGBl8QEeVgz4g=">AAAB83icbVDJSgNBEK2JWxy3qEcvjUHwFGYEl4sY9OIxglkgGUJPpydp0j3TdPcIYchvePGguBz9Du9exL+xsxw08UHB470qquqFkjNtPO/byS0sLi2v5FfdtfWNza3C9k5NJ6kitEoSnqhGiDXlLKZVwwynDakoFiGn9bB/NfLrd1RplsS3ZiBpIHA3ZhEj2FgpgjdQIABBCKRdKHolbww0T/wpKV58uOfy5cuttAufrU5CUkFjQzjWuul70gQZVoYRToduK9VUYtLHXdq0NMaC6iAb3zxEB1bpoChRtmKDxurviQwLrQcitJ0Cm56e9Ubif14zNdFZkLFYpobGZLIoSjkyCRoFgDpMUWL4wBJMFLO3ItLDChNjY3JtCP7sy/OkdlTyT0rHN16xfAkT5GEP9uEQfDiFMlxDBapAQMI9PMKTkzoPzrPzOmnNOdOZXfgD5/0H7j2SrA==</latexit>

bc

<latexit sha1_base64="AsbnVqJMUQ3+szZGBl8QEeVgz4g=">AAAB83icbVDJSgNBEK2JWxy3qEcvjUHwFGYEl4sY9OIxglkgGUJPpydp0j3TdPcIYchvePGguBz9Du9exL+xsxw08UHB470qquqFkjNtPO/byS0sLi2v5FfdtfWNza3C9k5NJ6kitEoSnqhGiDXlLKZVwwynDakoFiGn9bB/NfLrd1RplsS3ZiBpIHA3ZhEj2FgpgjdQIABBCKRdKHolbww0T/wpKV58uOfy5cuttAufrU5CUkFjQzjWuul70gQZVoYRToduK9VUYtLHXdq0NMaC6iAb3zxEB1bpoChRtmKDxurviQwLrQcitJ0Cm56e9Ubif14zNdFZkLFYpobGZLIoSjkyCRoFgDpMUWL4wBJMFLO3ItLDChNjY3JtCP7sy/OkdlTyT0rHN16xfAkT5GEP9uEQfDiFMlxDBapAQMI9PMKTkzoPzrPzOmnNOdOZXfgD5/0H7j2SrA==</latexit>

bc

Tasaki 1989

Edwards-Anderson order parameter
<latexit sha1_base64="o2xcJFm9rcyuqApOabhduCwpvII="></latexit>

qEA := lim
`"1

1

`d
max
bc

X

x2⇤`

�
h�xi`,�,bc

�2
= � lim

�#0

@f (2)(�,�)

�



the first and the second theorems

the theorems can be proved for any classical spin glass 
model with short-range interaction and bounded spins

<latexit sha1_base64="xnPa8O65Z2wR+DmUzGV9+K2BcEw=">AAACFXicbVDLSsNAFL2pr1pfUcGNm2ARLEhJio8uC25cVrAPaGOZTCbt0EkmzEyEEvoTbvwC/8GNC0XcCu78G6dtFtp6YTiHc+7lzj1ezKhUtv1t5JaWV1bX8uuFjc2t7R1zd68peSIwaWDOuGh7SBJGI9JQVDHSjgVBocdIyxteTfzWPRGS8uhWjWLihqgf0YBipLTEzQMI4A5SOIEKlGCs8Qk8IKAAwanmTGOoFV9jqWcW7bI9LWuROBkpQlb1nvnV9TlOQhIpzJCUHceOlZsioShmZFzoJpLECA9Rn3Q0jVBIpJtOrxpbx1rxrYAL/SJlTdXfEykKpRyFnu4MkRrIeW8i/ud1EhVU3ZRGcaJIhGeLgoRZiluTiCyfCoIVG2mCsKD6rxYeIIGw0kEWdAjO/MmLpFkpOxfl85uzYq2axZGHQzjSATtwCTW4hjo0AMMDPMMrvBmPxovxbnzMWnNGNrMPf8r4/AGmEpZg</latexit>

f (2)(�,�)

<latexit sha1_base64="MF2y1bujfBMH8UBCe9Rk+1r/w1g=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBA8hV3xkWPAi8cI5gHJEnpnJ8mQ2dllZlYJS/7DiwdFvfov3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqKGvQWMSqHaBmgkvWMNwI1k4UwygQrBWMbqZ+64EpzWN5b8YJ8yMcSN7nFI2VBvAOAhAiCCAE7JXKbsWdgSwTLydlyFHvlb66YUzTiElDBWrd8dzE+Bkqw6lgk2I31SxBOsIB61gqMWLaz2ZXT8ipVULSj5UtachM/T2RYaT1OApsZ4RmqBe9qfif10lNv+pnXCapYZLOF/VTQUxMphGQkCtGjRhbglRxeyuhQ1RIjQ2qaEPwFl9eJs3zindVuby7KNeqeRwFOIYTOAMPrqEGt1CHBlBQ8AQv8Oo8Os/Om/Mxb11x8pkj+APn8wfINZAV</latexit>

�
qjump > 0

THEOREM 1: in the standard EA model without 
a magnetic field, one has qbr ≤ qEA = qjump

THEOREM 2: in the general EA model, 
one has (qbr)2

4
≤ qjump

straight forward extension of Griffiths’ theorem

<latexit sha1_base64="gzkNSZITZwb/IDUGVVtubiHv7Cc=">AAAB+3icbZDJSgNBEIZr4hbjFvXopTEIegkz4nYMevEYwSyQDKGn05O06VnsrhHDkFfxIqKIV1/Em29jJ5mDJv7Q8PNXFVX9ebEUGm3728otLC4tr+RXC2vrG5tbxe2duo4SxXiNRTJSTY9qLkXIayhQ8masOA08yRve4GpcbzxwpUUU3uIw5m5Ae6HwBaNoojuoQgdewAMOCBQO4R6OOsWSXbYnIvPGyUwJMlU7xa92N2JJwENkkmrdcuwY3ZQqFEzyUaGdaB5TNqA93jI2pAHXbjq5fUQOTNIlfqTMC5FM0t8TKQ20Hgae6Qwo9vVsbRz+V2sl6F+4qQjjBHnIpov8RBKMyBgE6QrFGcqhMZQpYW4lrE8VZWhwFQwEZ/bL86Z+XHbOyqc3J6XKZYYjD3uwb0A6cA4VuDaAa8DgEZ7gFd6skfVsvVsf09aclc3swh9Znz+6M5EE</latexit>

P�(q)

<latexit sha1_base64="iVGWJjUY9T0HmMOpn/tMDZu36y8=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRi0dI5JHAhswODYzMzq4zsyZkwxd48aAxXv0kb/6NA+xBwUo6qVR1p7sriAXXxnW/ndzK6tr6Rn6zsLW9s7tX3D9o6ChRDOssEpFqBVSj4BLrhhuBrVghDQOBzWB0O/WbT6g0j+S9Gcfoh3QgeZ8zaqxUe+wWS27ZnYEsEy8jJchQ7Ra/Or2IJSFKwwTVuu25sfFTqgxnAieFTqIxpmxEB9i2VNIQtZ/ODp2QE6v0SD9StqQhM/X3REpDrcdhYDtDaoZ60ZuK/3ntxPSv/ZTLODEo2XxRPxHERGT6NelxhcyIsSWUKW5vJWxIFWXGZlOwIXiLLy+TxlnZuyxf1M5LlZssjjwcwTGcggdXUIE7qEIdGCA8wyu8OQ/Oi/PufMxbc042cwh/4Hz+AN7djP8=</latexit>q

<latexit sha1_base64="gzkNSZITZwb/IDUGVVtubiHv7Cc=">AAAB+3icbZDJSgNBEIZr4hbjFvXopTEIegkz4nYMevEYwSyQDKGn05O06VnsrhHDkFfxIqKIV1/Em29jJ5mDJv7Q8PNXFVX9ebEUGm3728otLC4tr+RXC2vrG5tbxe2duo4SxXiNRTJSTY9qLkXIayhQ8masOA08yRve4GpcbzxwpUUU3uIw5m5Ae6HwBaNoojuoQgdewAMOCBQO4R6OOsWSXbYnIvPGyUwJMlU7xa92N2JJwENkkmrdcuwY3ZQqFEzyUaGdaB5TNqA93jI2pAHXbjq5fUQOTNIlfqTMC5FM0t8TKQ20Hgae6Qwo9vVsbRz+V2sl6F+4qQjjBHnIpov8RBKMyBgE6QrFGcqhMZQpYW4lrE8VZWhwFQwEZ/bL86Z+XHbOyqc3J6XKZYYjD3uwb0A6cA4VuDaAa8DgEZ7gFd6skfVsvVsf09aclc3swh9Znz+6M5EE</latexit>

P�(q)

<latexit sha1_base64="iVGWJjUY9T0HmMOpn/tMDZu36y8=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRi0dI5JHAhswODYzMzq4zsyZkwxd48aAxXv0kb/6NA+xBwUo6qVR1p7sriAXXxnW/ndzK6tr6Rn6zsLW9s7tX3D9o6ChRDOssEpFqBVSj4BLrhhuBrVghDQOBzWB0O/WbT6g0j+S9Gcfoh3QgeZ8zaqxUe+wWS27ZnYEsEy8jJchQ7Ra/Or2IJSFKwwTVuu25sfFTqgxnAieFTqIxpmxEB9i2VNIQtZ/ODp2QE6v0SD9StqQhM/X3REpDrcdhYDtDaoZ60ZuK/3ntxPSv/ZTLODEo2XxRPxHERGT6NelxhcyIsSWUKW5vJWxIFWXGZlOwIXiLLy+TxlnZuyxf1M5LlZssjjwcwTGcggdXUIE7qEIdGCA8wyu8OQ/Oi/PufMxbc042cwh/4Hz+AN7djP8=</latexit>q

qbr > 0

broadening of the overlap distribution implies non-
differentiability of the two-replica free energy



3-replica free energy and the literal 
replica symmetry breaking (RSB)  
order parameter  qrsb
three replicas with explicit couplings λ, λ′ ∈ ℝ
Hamiltonian

free energy

<latexit sha1_base64="avxOveHdyPTZEeMpsmjZrrNDdDE="></latexit>

HL(�
1
,�2

,�3;�,�0) = HL(�
1) +HL(�

2) +HL(�
3)

<latexit sha1_base64="vPN72RetsIjyz4KAVxNm2gwzC18="></latexit>

���1 · �2 � �0 �1 · �3

<latexit sha1_base64="SvofpUwiUNbp8sHlQWStUDsAqE8=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoMgCGFXUHMMeBG8RDEPSJYwO+mNQ2Znl5lZIYT8gRcPinj1D/wUycUP8e7kcdDEgoaiqpvuriARXBvX/XIyS8srq2vZ9dzG5tb2Tn53r6bjVDGssljEqhFQjYJLrBpuBDYShTQKBNaD3uXYrz+g0jyWd6afoB/RruQhZ9RY6fbEbecLbtGdgCwSb0YKZfj+GI0y15V2/rPViVkaoTRMUK2bnpsYf0CV4UzgMNdKNSaU9WgXm5ZKGqH2B5NLh+TIKh0SxsqWNGSi/p4Y0EjrfhTYzoiaez3vjcX/vGZqwpI/4DJJDUo2XRSmgpiYjN8mHa6QGdG3hDLF7a2E3VNFmbHh5GwI3vzLi6R2WvTOi2c3No0STJGFAziEY/DgAspwBRWoAoMQHuEZXpye8+S8Om/T1owzm9mHP3DefwAQL5DB</latexit>

+0

<latexit sha1_base64="xeNRz3KNObhmstAvgI8O1KjSZY8=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgxbArqDkGvAheopgHJEuYnfTGIbOzy8ysEEL+wIsHRbz6B36K5OKHeHfyOGhiQUNR1U13V5AIro3rfjmZpeWV1bXsem5jc2t7J7+7V9NxqhhWWSxi1QioRsElVg03AhuJQhoFAutB73Ls1x9QaR7LO9NP0I9oV/KQM2qsdHvitvMFt+hOQBaJNyOFMnx/jEaZ60o7/9nqxCyNUBomqNZNz02MP6DKcCZwmGulGhPKerSLTUsljVD7g8mlQ3JklQ4JY2VLGjJRf08MaKR1PwpsZ0TNvZ73xuJ/XjM1YckfcJmkBiWbLgpTQUxMxm+TDlfIjOhbQpni9lbC7qmizNhwcjYEb/7lRVI7LXrnxbMbm0YJpsjCARzCMXhwAWW4ggpUgUEIj/AML07PeXJenbdpa8aZzezDHzjvPxM5kMM=</latexit>�0

<latexit sha1_base64="XH3XOuLVabmTmD3e9N+w6jcfCp0=">AAAB6HicbZC7SgNBFIbPxluMt6ilIItBsAq7gprOgI1lAuYCyRJmJ2eTMbOzy8ysEJaUVjYWitj6FKl8CDufwZdwcik0+sPAx/+fw5xz/JgzpR3n08osLa+srmXXcxubW9s7+d29uooSSbFGIx7Jpk8Uciawppnm2IwlktDn2PAHV5O8cYdSsUjc6GGMXkh6ggWMEm2sqtvJF5yiM5X9F9w5FC7fx9Wv+8NxpZP/aHcjmoQoNOVEqZbrxNpLidSMchzl2onCmNAB6WHLoCAhKi+dDjqyj43TtYNImie0PXV/dqQkVGoY+qYyJLqvFrOJ+V/WSnRQ8lIm4kSjoLOPgoTbOrInW9tdJpFqPjRAqGRmVpv2iSRUm9vkzBHcxZX/Qv206J4Xz6pOoVyCmbJwAEdwAi5cQBmuoQI1oIDwAE/wbN1aj9aL9TorzVjznn34JevtG0IjkP0=</latexit>

1

<latexit sha1_base64="F8FkEfYKFbWhX6CeAoaLBDiUGi8=">AAAB6HicbZC7SgNBFIbPxluMt6ilIItBsAq7ATWdARvLBMwFkhBmJ2eTMbOzy8ysEJaUVjYWitj6FKl8CDufwZdwcik08YeBj/8/hznneBFnSjvOl5VaWV1b30hvZra2d3b3svsHNRXGkmKVhjyUDY8o5ExgVTPNsRFJJIHHse4Nrid5/R6lYqG41cMI2wHpCeYzSrSxKoVONufknansZXDnkLv6GFe+H47H5U72s9UNaRyg0JQTpZquE+l2QqRmlOMo04oVRoQOSA+bBgUJULWT6aAj+9Q4XdsPpXlC21P3d0dCAqWGgWcqA6L7ajGbmP9lzVj7xXbCRBRrFHT2kR9zW4f2ZGu7yyRSzYcGCJXMzGrTPpGEanObjDmCu7jyMtQKefcif15xcqUizJSGIziBM3DhEkpwA2WoAgWER3iGF+vOerJerbdZacqa9xzCH1nvP0OnkP4=</latexit>

2

<latexit sha1_base64="KDHue//9yManPttmBaUs3fpk6Q8=">AAAB6HicbZC7SgNBFIbPxluMt6ilIItBsAq7iprOgI1lAuYCyRJmJyfJmNnZZWZWCEtKKxsLRWx9ilQ+hJ3P4Es4uRSa+MPAx/+fw5xz/IgzpR3ny0otLa+srqXXMxubW9s72d29qgpjSbFCQx7Kuk8UciawopnmWI8kksDnWPP71+O8do9SsVDc6kGEXkC6gnUYJdpY5bNWNufknYnsRXBnkLv6GJW/Hw5HpVb2s9kOaRyg0JQTpRquE2kvIVIzynGYacYKI0L7pIsNg4IEqLxkMujQPjZO2+6E0jyh7Yn7uyMhgVKDwDeVAdE9NZ+Nzf+yRqw7BS9hIoo1Cjr9qBNzW4f2eGu7zSRSzQcGCJXMzGrTHpGEanObjDmCO7/yIlRP8+5F/rzs5IoFmCoNB3AEJ+DCJRThBkpQAQoIj/AML9ad9WS9Wm/T0pQ169mHP7LefwBFK5D/</latexit>

3

<latexit sha1_base64="XmN+ZeYDWeh4o2ZDZmv26RJVgO8="></latexit>

qrsb = � lim
�#0

@f (3)(�,�,��)

@�
<latexit sha1_base64="388RS/RuKWBdDecyA+HyE1xtFFw="></latexit>

= hR12i � hR13i

the measure of spontaneous breakdown of the permutation 
symmetry of the three replicas

Guerra 2013

<latexit sha1_base64="+TKXomuwfy74fenkXNZID+O5pp0="></latexit>

f (3)(�,�,�0) = � lim
L"1

1

�Ld
log

P
�1,�2,�3 e��HL(�1,�2,�3;�,�0)



the third theorem

<latexit sha1_base64="xnPa8O65Z2wR+DmUzGV9+K2BcEw=">AAACFXicbVDLSsNAFL2pr1pfUcGNm2ARLEhJio8uC25cVrAPaGOZTCbt0EkmzEyEEvoTbvwC/8GNC0XcCu78G6dtFtp6YTiHc+7lzj1ezKhUtv1t5JaWV1bX8uuFjc2t7R1zd68peSIwaWDOuGh7SBJGI9JQVDHSjgVBocdIyxteTfzWPRGS8uhWjWLihqgf0YBipLTEzQMI4A5SOIEKlGCs8Qk8IKAAwanmTGOoFV9jqWcW7bI9LWuROBkpQlb1nvnV9TlOQhIpzJCUHceOlZsioShmZFzoJpLECA9Rn3Q0jVBIpJtOrxpbx1rxrYAL/SJlTdXfEykKpRyFnu4MkRrIeW8i/ud1EhVU3ZRGcaJIhGeLgoRZiluTiCyfCoIVG2mCsKD6rxYeIIGw0kEWdAjO/MmLpFkpOxfl85uzYq2axZGHQzjSATtwCTW4hjo0AMMDPMMrvBmPxovxbnzMWnNGNrMPf8r4/AGmEpZg</latexit>

f (2)(�,�)

<latexit sha1_base64="MF2y1bujfBMH8UBCe9Rk+1r/w1g=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBA8hV3xkWPAi8cI5gHJEnpnJ8mQ2dllZlYJS/7DiwdFvfov3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqKGvQWMSqHaBmgkvWMNwI1k4UwygQrBWMbqZ+64EpzWN5b8YJ8yMcSN7nFI2VBvAOAhAiCCAE7JXKbsWdgSwTLydlyFHvlb66YUzTiElDBWrd8dzE+Bkqw6lgk2I31SxBOsIB61gqMWLaz2ZXT8ipVULSj5UtachM/T2RYaT1OApsZ4RmqBe9qfif10lNv+pnXCapYZLOF/VTQUxMphGQkCtGjRhbglRxeyuhQ1RIjQ2qaEPwFl9eJs3zindVuby7KNeqeRwFOIYTOAMPrqEGt1CHBlBQ8AQv8Oo8Os/Om/Mxb11x8pkj+APn8wfINZAV</latexit>

�

qjump > 0

THEOREM 3: in almost any spin glass model 
(including long-range models), one has 2 qjump ≤ qrsb

<latexit sha1_base64="SvofpUwiUNbp8sHlQWStUDsAqE8=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoMgCGFXUHMMeBG8RDEPSJYwO+mNQ2Znl5lZIYT8gRcPinj1D/wUycUP8e7kcdDEgoaiqpvuriARXBvX/XIyS8srq2vZ9dzG5tb2Tn53r6bjVDGssljEqhFQjYJLrBpuBDYShTQKBNaD3uXYrz+g0jyWd6afoB/RruQhZ9RY6fbEbecLbtGdgCwSb0YKZfj+GI0y15V2/rPViVkaoTRMUK2bnpsYf0CV4UzgMNdKNSaU9WgXm5ZKGqH2B5NLh+TIKh0SxsqWNGSi/p4Y0EjrfhTYzoiaez3vjcX/vGZqwpI/4DJJDUo2XRSmgpiYjN8mHa6QGdG3hDLF7a2E3VNFmbHh5GwI3vzLi6R2WvTOi2c3No0STJGFAziEY/DgAspwBRWoAoMQHuEZXpye8+S8Om/T1owzm9mHP3DefwAQL5DB</latexit>

+0

<latexit sha1_base64="xeNRz3KNObhmstAvgI8O1KjSZY8=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgxbArqDkGvAheopgHJEuYnfTGIbOzy8ysEEL+wIsHRbz6B36K5OKHeHfyOGhiQUNR1U13V5AIro3rfjmZpeWV1bXsem5jc2t7J7+7V9NxqhhWWSxi1QioRsElVg03AhuJQhoFAutB73Ls1x9QaR7LO9NP0I9oV/KQM2qsdHvitvMFt+hOQBaJNyOFMnx/jEaZ60o7/9nqxCyNUBomqNZNz02MP6DKcCZwmGulGhPKerSLTUsljVD7g8mlQ3JklQ4JY2VLGjJRf08MaKR1PwpsZ0TNvZ73xuJ/XjM1YckfcJmkBiWbLgpTQUxMxm+TDlfIjOhbQpni9lbC7qmizNhwcjYEb/7lRVI7LXrnxbMbm0YJpsjCARzCMXhwAWW4ggpUgUEIj/AML07PeXJenbdpa8aZzezDHzjvPxM5kMM=</latexit>�0

<latexit sha1_base64="XH3XOuLVabmTmD3e9N+w6jcfCp0=">AAAB6HicbZC7SgNBFIbPxluMt6ilIItBsAq7gprOgI1lAuYCyRJmJ2eTMbOzy8ysEJaUVjYWitj6FKl8CDufwZdwcik0+sPAx/+fw5xz/JgzpR3n08osLa+srmXXcxubW9s7+d29uooSSbFGIx7Jpk8Uciawppnm2IwlktDn2PAHV5O8cYdSsUjc6GGMXkh6ggWMEm2sqtvJF5yiM5X9F9w5FC7fx9Wv+8NxpZP/aHcjmoQoNOVEqZbrxNpLidSMchzl2onCmNAB6WHLoCAhKi+dDjqyj43TtYNImie0PXV/dqQkVGoY+qYyJLqvFrOJ+V/WSnRQ8lIm4kSjoLOPgoTbOrInW9tdJpFqPjRAqGRmVpv2iSRUm9vkzBHcxZX/Qv206J4Xz6pOoVyCmbJwAEdwAi5cQBmuoQI1oIDwAE/wbN1aj9aL9TorzVjznn34JevtG0IjkP0=</latexit>

1

<latexit sha1_base64="F8FkEfYKFbWhX6CeAoaLBDiUGi8=">AAAB6HicbZC7SgNBFIbPxluMt6ilIItBsAq7ATWdARvLBMwFkhBmJ2eTMbOzy8ysEJaUVjYWitj6FKl8CDufwZdwcik08YeBj/8/hznneBFnSjvOl5VaWV1b30hvZra2d3b3svsHNRXGkmKVhjyUDY8o5ExgVTPNsRFJJIHHse4Nrid5/R6lYqG41cMI2wHpCeYzSrSxKoVONufknansZXDnkLv6GFe+H47H5U72s9UNaRyg0JQTpZquE+l2QqRmlOMo04oVRoQOSA+bBgUJULWT6aAj+9Q4XdsPpXlC21P3d0dCAqWGgWcqA6L7ajGbmP9lzVj7xXbCRBRrFHT2kR9zW4f2ZGu7yyRSzYcGCJXMzGrTPpGEanObjDmCu7jyMtQKefcif15xcqUizJSGIziBM3DhEkpwA2WoAgWER3iGF+vOerJerbdZacqa9xzCH1nvP0OnkP4=</latexit>
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<latexit sha1_base64="KDHue//9yManPttmBaUs3fpk6Q8=">AAAB6HicbZC7SgNBFIbPxluMt6ilIItBsAq7iprOgI1lAuYCyRJmJyfJmNnZZWZWCEtKKxsLRWx9ilQ+hJ3P4Es4uRSa+MPAx/+fw5xz/IgzpR3ny0otLa+srqXXMxubW9s72d29qgpjSbFCQx7Kuk8UciawopnmWI8kksDnWPP71+O8do9SsVDc6kGEXkC6gnUYJdpY5bNWNufknYnsRXBnkLv6GJW/Hw5HpVb2s9kOaRyg0JQTpRquE2kvIVIzynGYacYKI0L7pIsNg4IEqLxkMujQPjZO2+6E0jyh7Yn7uyMhgVKDwDeVAdE9NZ+Nzf+yRqw7BS9hIoo1Cjr9qBNzW4f2eGu7zSRSzQcGCJXMzGrTHpGEanObjDmCO7/yIlRP8+5F/rzs5IoFmCoNB3AEJ+DCJRThBkpQAQoIj/AML9ad9WS9Wm/T0pQ169mHP7LefwBFK5D/</latexit>

3

qrsb > 0

non-differentiability of the two-replica free energy 
implies literal replica symmetry breaking

Theorem 3 establishes that these models exhibit literal replica 
symmetry breaking

that  has been proved (only) in long-range spin glass 
models such as the Sherrington-Kirkpatrick (SK) model (with 
or without a magnetic field) and the random energy model

qjump > 0

Talagrand 2003, 2011, Guerra 2013
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<latexit sha1_base64="xnPa8O65Z2wR+DmUzGV9+K2BcEw=">AAACFXicbVDLSsNAFL2pr1pfUcGNm2ARLEhJio8uC25cVrAPaGOZTCbt0EkmzEyEEvoTbvwC/8GNC0XcCu78G6dtFtp6YTiHc+7lzj1ezKhUtv1t5JaWV1bX8uuFjc2t7R1zd68peSIwaWDOuGh7SBJGI9JQVDHSjgVBocdIyxteTfzWPRGS8uhWjWLihqgf0YBipLTEzQMI4A5SOIEKlGCs8Qk8IKAAwanmTGOoFV9jqWcW7bI9LWuROBkpQlb1nvnV9TlOQhIpzJCUHceOlZsioShmZFzoJpLECA9Rn3Q0jVBIpJtOrxpbx1rxrYAL/SJlTdXfEykKpRyFnu4MkRrIeW8i/ud1EhVU3ZRGcaJIhGeLgoRZiluTiCyfCoIVG2mCsKD6rxYeIIGw0kEWdAjO/MmLpFkpOxfl85uzYq2axZGHQzjSATtwCTW4hjo0AMMDPMMrvBmPxovxbnzMWnNGNrMPf8r4/AGmEpZg</latexit>

f (2)(�,�)

<latexit sha1_base64="MF2y1bujfBMH8UBCe9Rk+1r/w1g=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBA8hV3xkWPAi8cI5gHJEnpnJ8mQ2dllZlYJS/7DiwdFvfov3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqKGvQWMSqHaBmgkvWMNwI1k4UwygQrBWMbqZ+64EpzWN5b8YJ8yMcSN7nFI2VBvAOAhAiCCAE7JXKbsWdgSwTLydlyFHvlb66YUzTiElDBWrd8dzE+Bkqw6lgk2I31SxBOsIB61gqMWLaz2ZXT8ipVULSj5UtachM/T2RYaT1OApsZ4RmqBe9qfif10lNv+pnXCapYZLOF/VTQUxMphGQkCtGjRhbglRxeyuhQ1RIjQ2qaEPwFl9eJs3zindVuby7KNeqeRwFOIYTOAMPrqEGt1CHBlBQ8AQv8Oo8Os/Om/Mxb11x8pkj+APn8wfINZAV</latexit>

�
qjump > 0

<latexit sha1_base64="gzkNSZITZwb/IDUGVVtubiHv7Cc=">AAAB+3icbZDJSgNBEIZr4hbjFvXopTEIegkz4nYMevEYwSyQDKGn05O06VnsrhHDkFfxIqKIV1/Em29jJ5mDJv7Q8PNXFVX9ebEUGm3728otLC4tr+RXC2vrG5tbxe2duo4SxXiNRTJSTY9qLkXIayhQ8masOA08yRve4GpcbzxwpUUU3uIw5m5Ae6HwBaNoojuoQgdewAMOCBQO4R6OOsWSXbYnIvPGyUwJMlU7xa92N2JJwENkkmrdcuwY3ZQqFEzyUaGdaB5TNqA93jI2pAHXbjq5fUQOTNIlfqTMC5FM0t8TKQ20Hgae6Qwo9vVsbRz+V2sl6F+4qQjjBHnIpov8RBKMyBgE6QrFGcqhMZQpYW4lrE8VZWhwFQwEZ/bL86Z+XHbOyqc3J6XKZYYjD3uwb0A6cA4VuDaAa8DgEZ7gFd6skfVsvVsf09aclc3swh9Znz+6M5EE</latexit>

P�(q)

<latexit sha1_base64="iVGWJjUY9T0HmMOpn/tMDZu36y8=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRi0dI5JHAhswODYzMzq4zsyZkwxd48aAxXv0kb/6NA+xBwUo6qVR1p7sriAXXxnW/ndzK6tr6Rn6zsLW9s7tX3D9o6ChRDOssEpFqBVSj4BLrhhuBrVghDQOBzWB0O/WbT6g0j+S9Gcfoh3QgeZ8zaqxUe+wWS27ZnYEsEy8jJchQ7Ra/Or2IJSFKwwTVuu25sfFTqgxnAieFTqIxpmxEB9i2VNIQtZ/ODp2QE6v0SD9StqQhM/X3REpDrcdhYDtDaoZ60ZuK/3ntxPSv/ZTLODEo2XxRPxHERGT6NelxhcyIsSWUKW5vJWxIFWXGZlOwIXiLLy+TxlnZuyxf1M5LlZssjjwcwTGcggdXUIE7qEIdGCA8wyu8OQ/Oi/PufMxbc042cwh/4Hz+AN7djP8=</latexit>q
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<latexit sha1_base64="SvofpUwiUNbp8sHlQWStUDsAqE8=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoMgCGFXUHMMeBG8RDEPSJYwO+mNQ2Znl5lZIYT8gRcPinj1D/wUycUP8e7kcdDEgoaiqpvuriARXBvX/XIyS8srq2vZ9dzG5tb2Tn53r6bjVDGssljEqhFQjYJLrBpuBDYShTQKBNaD3uXYrz+g0jyWd6afoB/RruQhZ9RY6fbEbecLbtGdgCwSb0YKZfj+GI0y15V2/rPViVkaoTRMUK2bnpsYf0CV4UzgMNdKNSaU9WgXm5ZKGqH2B5NLh+TIKh0SxsqWNGSi/p4Y0EjrfhTYzoiaez3vjcX/vGZqwpI/4DJJDUo2XRSmgpiYjN8mHa6QGdG3hDLF7a2E3VNFmbHh5GwI3vzLi6R2WvTOi2c3No0STJGFAziEY/DgAspwBRWoAoMQHuEZXpye8+S8Om/T1owzm9mHP3DefwAQL5DB</latexit>
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<latexit sha1_base64="xeNRz3KNObhmstAvgI8O1KjSZY8=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgxbArqDkGvAheopgHJEuYnfTGIbOzy8ysEEL+wIsHRbz6B36K5OKHeHfyOGhiQUNR1U13V5AIro3rfjmZpeWV1bXsem5jc2t7J7+7V9NxqhhWWSxi1QioRsElVg03AhuJQhoFAutB73Ls1x9QaR7LO9NP0I9oV/KQM2qsdHvitvMFt+hOQBaJNyOFMnx/jEaZ60o7/9nqxCyNUBomqNZNz02MP6DKcCZwmGulGhPKerSLTUsljVD7g8mlQ3JklQ4JY2VLGjJRf08MaKR1PwpsZ0TNvZ73xuJ/XjM1YckfcJmkBiWbLgpTQUxMxm+TDlfIjOhbQpni9lbC7qmizNhwcjYEb/7lRVI7LXrnxbMbm0YJpsjCARzCMXhwAWW4ggpUgUEIj/AML07PeXJenbdpa8aZzezDHzjvPxM5kMM=</latexit>�0

<latexit sha1_base64="XH3XOuLVabmTmD3e9N+w6jcfCp0=">AAAB6HicbZC7SgNBFIbPxluMt6ilIItBsAq7gprOgI1lAuYCyRJmJ2eTMbOzy8ysEJaUVjYWitj6FKl8CDufwZdwcik0+sPAx/+fw5xz/JgzpR3n08osLa+srmXXcxubW9s7+d29uooSSbFGIx7Jpk8Uciawppnm2IwlktDn2PAHV5O8cYdSsUjc6GGMXkh6ggWMEm2sqtvJF5yiM5X9F9w5FC7fx9Wv+8NxpZP/aHcjmoQoNOVEqZbrxNpLidSMchzl2onCmNAB6WHLoCAhKi+dDjqyj43TtYNImie0PXV/dqQkVGoY+qYyJLqvFrOJ+V/WSnRQ8lIm4kSjoLOPgoTbOrInW9tdJpFqPjRAqGRmVpv2iSRUm9vkzBHcxZX/Qv206J4Xz6pOoVyCmbJwAEdwAi5cQBmuoQI1oIDwAE/wbN1aj9aL9TorzVjznn34JevtG0IjkP0=</latexit>
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<latexit sha1_base64="F8FkEfYKFbWhX6CeAoaLBDiUGi8=">AAAB6HicbZC7SgNBFIbPxluMt6ilIItBsAq7ATWdARvLBMwFkhBmJ2eTMbOzy8ysEJaUVjYWitj6FKl8CDufwZdwcik08YeBj/8/hznneBFnSjvOl5VaWV1b30hvZra2d3b3svsHNRXGkmKVhjyUDY8o5ExgVTPNsRFJJIHHse4Nrid5/R6lYqG41cMI2wHpCeYzSrSxKoVONufknansZXDnkLv6GFe+H47H5U72s9UNaRyg0JQTpZquE+l2QqRmlOMo04oVRoQOSA+bBgUJULWT6aAj+9Q4XdsPpXlC21P3d0dCAqWGgWcqA6L7ajGbmP9lzVj7xXbCRBRrFHT2kR9zW4f2ZGu7yyRSzYcGCJXMzGrTPpGEanObjDmCu7jyMtQKefcif15xcqUizJSGIziBM3DhEkpwA2WoAgWER3iGF+vOerJerbdZacqa9xzCH1nvP0OnkP4=</latexit>
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<latexit sha1_base64="KDHue//9yManPttmBaUs3fpk6Q8=">AAAB6HicbZC7SgNBFIbPxluMt6ilIItBsAq7iprOgI1lAuYCyRJmJyfJmNnZZWZWCEtKKxsLRWx9ilQ+hJ3P4Es4uRSa+MPAx/+fw5xz/IgzpR3ny0otLa+srqXXMxubW9s72d29qgpjSbFCQx7Kuk8UciawopnmWI8kksDnWPP71+O8do9SsVDc6kGEXkC6gnUYJdpY5bNWNufknYnsRXBnkLv6GJW/Hw5HpVb2s9kOaRyg0JQTpRquE2kvIVIzynGYacYKI0L7pIsNg4IEqLxkMujQPjZO2+6E0jyh7Yn7uyMhgVKDwDeVAdE9NZ+Nzf+yRqw7BS9hIoo1Cjr9qBNzW4f2eGu7zSRSzQcGCJXMzGrTHpGEanObjDmCO7/yIlRP8+5F/rzs5IoFmCoNB3AEJ+DCJRThBkpQAQoIj/AML9ad9WS9Wm/T0pQ169mHP7LefwBFK5D/</latexit>

3qrsb > 0

 limitation of the theory
we established relations between the different 
characterizations of “spin glass order”

none of the conditions have been proved rigorously for 
short-range spin glass models
these conditions do not always imply spin glass order. 
in the ferromagnetic Ising model,  implies , 

, and 
μSM > 0 qbr > 0

qjump > 0 qrsb > 0
<latexit sha1_base64="SvofpUwiUNbp8sHlQWStUDsAqE8=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoMgCGFXUHMMeBG8RDEPSJYwO+mNQ2Znl5lZIYT8gRcPinj1D/wUycUP8e7kcdDEgoaiqpvuriARXBvX/XIyS8srq2vZ9dzG5tb2Tn53r6bjVDGssljEqhFQjYJLrBpuBDYShTQKBNaD3uXYrz+g0jyWd6afoB/RruQhZ9RY6fbEbecLbtGdgCwSb0YKZfj+GI0y15V2/rPViVkaoTRMUK2bnpsYf0CV4UzgMNdKNSaU9WgXm5ZKGqH2B5NLh+TIKh0SxsqWNGSi/p4Y0EjrfhTYzoiaez3vjcX/vGZqwpI/4DJJDUo2XRSmgpiYjN8mHa6QGdG3hDLF7a2E3VNFmbHh5GwI3vzLi6R2WvTOi2c3No0STJGFAziEY/DgAspwBRWoAoMQHuEZXpye8+S8Om/T1owzm9mHP3DefwAQL5DB</latexit>
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<latexit sha1_base64="xeNRz3KNObhmstAvgI8O1KjSZY8=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgxbArqDkGvAheopgHJEuYnfTGIbOzy8ysEEL+wIsHRbz6B36K5OKHeHfyOGhiQUNR1U13V5AIro3rfjmZpeWV1bXsem5jc2t7J7+7V9NxqhhWWSxi1QioRsElVg03AhuJQhoFAutB73Ls1x9QaR7LO9NP0I9oV/KQM2qsdHvitvMFt+hOQBaJNyOFMnx/jEaZ60o7/9nqxCyNUBomqNZNz02MP6DKcCZwmGulGhPKerSLTUsljVD7g8mlQ3JklQ4JY2VLGjJRf08MaKR1PwpsZ0TNvZ73xuJ/XjM1YckfcJmkBiWbLgpTQUxMxm+TDlfIjOhbQpni9lbC7qmizNhwcjYEb/7lRVI7LXrnxbMbm0YJpsjCARzCMXhwAWW4ggpUgUEIj/AML07PeXJenbdpa8aZzezDHzjvPxM5kMM=</latexit>�0

<latexit sha1_base64="XH3XOuLVabmTmD3e9N+w6jcfCp0=">AAAB6HicbZC7SgNBFIbPxluMt6ilIItBsAq7gprOgI1lAuYCyRJmJ2eTMbOzy8ysEJaUVjYWitj6FKl8CDufwZdwcik0+sPAx/+fw5xz/JgzpR3n08osLa+srmXXcxubW9s7+d29uooSSbFGIx7Jpk8Uciawppnm2IwlktDn2PAHV5O8cYdSsUjc6GGMXkh6ggWMEm2sqtvJF5yiM5X9F9w5FC7fx9Wv+8NxpZP/aHcjmoQoNOVEqZbrxNpLidSMchzl2onCmNAB6WHLoCAhKi+dDjqyj43TtYNImie0PXV/dqQkVGoY+qYyJLqvFrOJ+V/WSnRQ8lIm4kSjoLOPgoTbOrInW9tdJpFqPjRAqGRmVpv2iSRUm9vkzBHcxZX/Qv206J4Xz6pOoVyCmbJwAEdwAi5cQBmuoQI1oIDwAE/wbN1aj9aL9TorzVjznn34JevtG0IjkP0=</latexit>
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<latexit sha1_base64="F8FkEfYKFbWhX6CeAoaLBDiUGi8=">AAAB6HicbZC7SgNBFIbPxluMt6ilIItBsAq7ATWdARvLBMwFkhBmJ2eTMbOzy8ysEJaUVjYWitj6FKl8CDufwZdwcik08YeBj/8/hznneBFnSjvOl5VaWV1b30hvZra2d3b3svsHNRXGkmKVhjyUDY8o5ExgVTPNsRFJJIHHse4Nrid5/R6lYqG41cMI2wHpCeYzSrSxKoVONufknansZXDnkLv6GFe+H47H5U72s9UNaRyg0JQTpZquE+l2QqRmlOMo04oVRoQOSA+bBgUJULWT6aAj+9Q4XdsPpXlC21P3d0dCAqWGgWcqA6L7ajGbmP9lzVj7xXbCRBRrFHT2kR9zW4f2ZGu7yyRSzYcGCJXMzGrTPpGEanObjDmCu7jyMtQKefcif15xcqUizJSGIziBM3DhEkpwA2WoAgWER3iGF+vOerJerbdZacqa9xzCH1nvP0OnkP4=</latexit>
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<latexit sha1_base64="KDHue//9yManPttmBaUs3fpk6Q8=">AAAB6HicbZC7SgNBFIbPxluMt6ilIItBsAq7iprOgI1lAuYCyRJmJyfJmNnZZWZWCEtKKxsLRWx9ilQ+hJ3P4Es4uRSa+MPAx/+fw5xz/IgzpR3ny0otLa+srqXXMxubW9s72d29qgpjSbFCQx7Kuk8UciawopnmWI8kksDnWPP71+O8do9SsVDc6kGEXkC6gnUYJdpY5bNWNufknYnsRXBnkLv6GJW/Hw5HpVb2s9kOaRyg0JQTpRquE2kvIVIzynGYacYKI0L7pIsNg4IEqLxkMujQPjZO2+6E0jyh7Yn7uyMhgVKDwDeVAdE9NZ+Nzf+yRqw7BS9hIoo1Cjr9qBNzW4f2eGu7zSRSzQcGCJXMzGrTHpGEanObjDmCO7/yIlRP8+5F/rzs5IoFmCoNB3AEJ+DCJRThBkpQAQoIj/AML9ad9WS9Wm/T0pQ169mHP7LefwBFK5D/</latexit>
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<latexit sha1_base64="SvofpUwiUNbp8sHlQWStUDsAqE8=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoMgCGFXUHMMeBG8RDEPSJYwO+mNQ2Znl5lZIYT8gRcPinj1D/wUycUP8e7kcdDEgoaiqpvuriARXBvX/XIyS8srq2vZ9dzG5tb2Tn53r6bjVDGssljEqhFQjYJLrBpuBDYShTQKBNaD3uXYrz+g0jyWd6afoB/RruQhZ9RY6fbEbecLbtGdgCwSb0YKZfj+GI0y15V2/rPViVkaoTRMUK2bnpsYf0CV4UzgMNdKNSaU9WgXm5ZKGqH2B5NLh+TIKh0SxsqWNGSi/p4Y0EjrfhTYzoiaez3vjcX/vGZqwpI/4DJJDUo2XRSmgpiYjN8mHa6QGdG3hDLF7a2E3VNFmbHh5GwI3vzLi6R2WvTOi2c3No0STJGFAziEY/DgAspwBRWoAoMQHuEZXpye8+S8Om/T1owzm9mHP3DefwAQL5DB</latexit>
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<latexit sha1_base64="xeNRz3KNObhmstAvgI8O1KjSZY8=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgxbArqDkGvAheopgHJEuYnfTGIbOzy8ysEEL+wIsHRbz6B36K5OKHeHfyOGhiQUNR1U13V5AIro3rfjmZpeWV1bXsem5jc2t7J7+7V9NxqhhWWSxi1QioRsElVg03AhuJQhoFAutB73Ls1x9QaR7LO9NP0I9oV/KQM2qsdHvitvMFt+hOQBaJNyOFMnx/jEaZ60o7/9nqxCyNUBomqNZNz02MP6DKcCZwmGulGhPKerSLTUsljVD7g8mlQ3JklQ4JY2VLGjJRf08MaKR1PwpsZ0TNvZ73xuJ/XjM1YckfcJmkBiWbLgpTQUxMxm+TDlfIjOhbQpni9lbC7qmizNhwcjYEb/7lRVI7LXrnxbMbm0YJpsjCARzCMXhwAWW4ggpUgUEIj/AML07PeXJenbdpa8aZzezDHzjvPxM5kMM=</latexit>�0

<latexit sha1_base64="XH3XOuLVabmTmD3e9N+w6jcfCp0=">AAAB6HicbZC7SgNBFIbPxluMt6ilIItBsAq7gprOgI1lAuYCyRJmJ2eTMbOzy8ysEJaUVjYWitj6FKl8CDufwZdwcik0+sPAx/+fw5xz/JgzpR3n08osLa+srmXXcxubW9s7+d29uooSSbFGIx7Jpk8Uciawppnm2IwlktDn2PAHV5O8cYdSsUjc6GGMXkh6ggWMEm2sqtvJF5yiM5X9F9w5FC7fx9Wv+8NxpZP/aHcjmoQoNOVEqZbrxNpLidSMchzl2onCmNAB6WHLoCAhKi+dDjqyj43TtYNImie0PXV/dqQkVGoY+qYyJLqvFrOJ+V/WSnRQ8lIm4kSjoLOPgoTbOrInW9tdJpFqPjRAqGRmVpv2iSRUm9vkzBHcxZX/Qv206J4Xz6pOoVyCmbJwAEdwAi5cQBmuoQI1oIDwAE/wbN1aj9aL9TorzVjznn34JevtG0IjkP0=</latexit>
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<latexit sha1_base64="F8FkEfYKFbWhX6CeAoaLBDiUGi8=">AAAB6HicbZC7SgNBFIbPxluMt6ilIItBsAq7ATWdARvLBMwFkhBmJ2eTMbOzy8ysEJaUVjYWitj6FKl8CDufwZdwcik08YeBj/8/hznneBFnSjvOl5VaWV1b30hvZra2d3b3svsHNRXGkmKVhjyUDY8o5ExgVTPNsRFJJIHHse4Nrid5/R6lYqG41cMI2wHpCeYzSrSxKoVONufknansZXDnkLv6GFe+H47H5U72s9UNaRyg0JQTpZquE+l2QqRmlOMo04oVRoQOSA+bBgUJULWT6aAj+9Q4XdsPpXlC21P3d0dCAqWGgWcqA6L7ajGbmP9lzVj7xXbCRBRrFHT2kR9zW4f2ZGu7yyRSzYcGCJXMzGrTPpGEanObjDmCu7jyMtQKefcif15xcqUizJSGIziBM3DhEkpwA2WoAgWER3iGF+vOerJerbdZacqa9xzCH1nvP0OnkP4=</latexit>
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<latexit sha1_base64="KDHue//9yManPttmBaUs3fpk6Q8=">AAAB6HicbZC7SgNBFIbPxluMt6ilIItBsAq7iprOgI1lAuYCyRJmJyfJmNnZZWZWCEtKKxsLRWx9ilQ+hJ3P4Es4uRSa+MPAx/+fw5xz/IgzpR3ny0otLa+srqXXMxubW9s72d29qgpjSbFCQx7Kuk8UciawopnmWI8kksDnWPP71+O8do9SsVDc6kGEXkC6gnUYJdpY5bNWNufknYnsRXBnkLv6GJW/Hw5HpVb2s9kOaRyg0JQTpRquE2kvIVIzynGYacYKI0L7pIsNg4IEqLxkMujQPjZO2+6E0jyh7Yn7uyMhgVKDwDeVAdE9NZ+Nzf+yRqw7BS9hIoo1Cjr9qBNzW4f2eGu7zSRSzQcGCJXMzGrTHpGEanObjDmCO7/yIlRP8+5F/rzs5IoFmCoNB3AEJ+DCJRThBkpQAQoIj/AML9ad9WS9Wm/T0pQ169mHP7LefwBFK5D/</latexit>

3

<latexit sha1_base64="Age47FzHBvUqYGPEEfH8g0BXt4k=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXfB2DXjwmYB6QhDA76U3GzM4uM7NCWPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dfiy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUy6caBZdYN9wIbMUKaegLbPqju6nffEKleSQfzDjGbkgHkgecUWOl2lmvWHLL7gxkmXgZKUGGaq/41elHLAlRGiao1m3PjU03pcpwJnBS6CQaY8pGdIBtSyUNUXfT2aETcmKVPgkiZUsaMlN/T6Q01Hoc+rYzpGaoF72p+J/XTkxw0025jBODks0XBYkgJiLTr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfHmZNM7L3lX5snZRqtxmceThCI7hFDy4hgrcQxXqwADhGV7hzXl0Xpx352PemnOymUP4A+fzB3TFjLk=</latexit>

+
qrsb > 0



qjump > 0qbr > 0

<latexit sha1_base64="SvofpUwiUNbp8sHlQWStUDsAqE8=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoMgCGFXUHMMeBG8RDEPSJYwO+mNQ2Znl5lZIYT8gRcPinj1D/wUycUP8e7kcdDEgoaiqpvuriARXBvX/XIyS8srq2vZ9dzG5tb2Tn53r6bjVDGssljEqhFQjYJLrBpuBDYShTQKBNaD3uXYrz+g0jyWd6afoB/RruQhZ9RY6fbEbecLbtGdgCwSb0YKZfj+GI0y15V2/rPViVkaoTRMUK2bnpsYf0CV4UzgMNdKNSaU9WgXm5ZKGqH2B5NLh+TIKh0SxsqWNGSi/p4Y0EjrfhTYzoiaez3vjcX/vGZqwpI/4DJJDUo2XRSmgpiYjN8mHa6QGdG3hDLF7a2E3VNFmbHh5GwI3vzLi6R2WvTOi2c3No0STJGFAziEY/DgAspwBRWoAoMQHuEZXpye8+S8Om/T1owzm9mHP3DefwAQL5DB</latexit>

+0

<latexit sha1_base64="xeNRz3KNObhmstAvgI8O1KjSZY8=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgxbArqDkGvAheopgHJEuYnfTGIbOzy8ysEEL+wIsHRbz6B36K5OKHeHfyOGhiQUNR1U13V5AIro3rfjmZpeWV1bXsem5jc2t7J7+7V9NxqhhWWSxi1QioRsElVg03AhuJQhoFAutB73Ls1x9QaR7LO9NP0I9oV/KQM2qsdHvitvMFt+hOQBaJNyOFMnx/jEaZ60o7/9nqxCyNUBomqNZNz02MP6DKcCZwmGulGhPKerSLTUsljVD7g8mlQ3JklQ4JY2VLGjJRf08MaKR1PwpsZ0TNvZ73xuJ/XjM1YckfcJmkBiWbLgpTQUxMxm+TDlfIjOhbQpni9lbC7qmizNhwcjYEb/7lRVI7LXrnxbMbm0YJpsjCARzCMXhwAWW4ggpUgUEIj/AML07PeXJenbdpa8aZzezDHzjvPxM5kMM=</latexit>�0

<latexit sha1_base64="XH3XOuLVabmTmD3e9N+w6jcfCp0=">AAAB6HicbZC7SgNBFIbPxluMt6ilIItBsAq7gprOgI1lAuYCyRJmJ2eTMbOzy8ysEJaUVjYWitj6FKl8CDufwZdwcik0+sPAx/+fw5xz/JgzpR3n08osLa+srmXXcxubW9s7+d29uooSSbFGIx7Jpk8Uciawppnm2IwlktDn2PAHV5O8cYdSsUjc6GGMXkh6ggWMEm2sqtvJF5yiM5X9F9w5FC7fx9Wv+8NxpZP/aHcjmoQoNOVEqZbrxNpLidSMchzl2onCmNAB6WHLoCAhKi+dDjqyj43TtYNImie0PXV/dqQkVGoY+qYyJLqvFrOJ+V/WSnRQ8lIm4kSjoLOPgoTbOrInW9tdJpFqPjRAqGRmVpv2iSRUm9vkzBHcxZX/Qv206J4Xz6pOoVyCmbJwAEdwAi5cQBmuoQI1oIDwAE/wbN1aj9aL9TorzVjznn34JevtG0IjkP0=</latexit>

1

<latexit sha1_base64="F8FkEfYKFbWhX6CeAoaLBDiUGi8=">AAAB6HicbZC7SgNBFIbPxluMt6ilIItBsAq7ATWdARvLBMwFkhBmJ2eTMbOzy8ysEJaUVjYWitj6FKl8CDufwZdwcik08YeBj/8/hznneBFnSjvOl5VaWV1b30hvZra2d3b3svsHNRXGkmKVhjyUDY8o5ExgVTPNsRFJJIHHse4Nrid5/R6lYqG41cMI2wHpCeYzSrSxKoVONufknansZXDnkLv6GFe+H47H5U72s9UNaRyg0JQTpZquE+l2QqRmlOMo04oVRoQOSA+bBgUJULWT6aAj+9Q4XdsPpXlC21P3d0dCAqWGgWcqA6L7ajGbmP9lzVj7xXbCRBRrFHT2kR9zW4f2ZGu7yyRSzYcGCJXMzGrTPpGEanObjDmCu7jyMtQKefcif15xcqUizJSGIziBM3DhEkpwA2WoAgWER3iGF+vOerJerbdZacqa9xzCH1nvP0OnkP4=</latexit>

2

<latexit sha1_base64="KDHue//9yManPttmBaUs3fpk6Q8=">AAAB6HicbZC7SgNBFIbPxluMt6ilIItBsAq7iprOgI1lAuYCyRJmJyfJmNnZZWZWCEtKKxsLRWx9ilQ+hJ3P4Es4uRSa+MPAx/+fw5xz/IgzpR3ny0otLa+srqXXMxubW9s72d29qgpjSbFCQx7Kuk8UciawopnmWI8kksDnWPP71+O8do9SsVDc6kGEXkC6gnUYJdpY5bNWNufknYnsRXBnkLv6GJW/Hw5HpVb2s9kOaRyg0JQTpRquE2kvIVIzynGYacYKI0L7pIsNg4IEqLxkMujQPjZO2+6E0jyh7Yn7uyMhgVKDwDeVAdE9NZ+Nzf+yRqw7BS9hIoo1Cjr9qBNzW4f2eGu7zSRSzQcGCJXMzGrTHpGEanObjDmCO7/yIlRP8+5F/rzs5IoFmCoNB3AEJ+DCJRThBkpQAQoIj/AML9ad9WS9Wm/T0pQ169mHP7LefwBFK5D/</latexit>

3

qrsb > 0

spin glass models under a 
magnetic field
our theory is probably most meaningful for (short-range) 
spin glass models under a (random or non-random) 
magnetic field, which have no obvious symmetry

<latexit sha1_base64="SvofpUwiUNbp8sHlQWStUDsAqE8=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoMgCGFXUHMMeBG8RDEPSJYwO+mNQ2Znl5lZIYT8gRcPinj1D/wUycUP8e7kcdDEgoaiqpvuriARXBvX/XIyS8srq2vZ9dzG5tb2Tn53r6bjVDGssljEqhFQjYJLrBpuBDYShTQKBNaD3uXYrz+g0jyWd6afoB/RruQhZ9RY6fbEbecLbtGdgCwSb0YKZfj+GI0y15V2/rPViVkaoTRMUK2bnpsYf0CV4UzgMNdKNSaU9WgXm5ZKGqH2B5NLh+TIKh0SxsqWNGSi/p4Y0EjrfhTYzoiaez3vjcX/vGZqwpI/4DJJDUo2XRSmgpiYjN8mHa6QGdG3hDLF7a2E3VNFmbHh5GwI3vzLi6R2WvTOi2c3No0STJGFAziEY/DgAspwBRWoAoMQHuEZXpye8+S8Om/T1owzm9mHP3DefwAQL5DB</latexit>

+0
<latexit sha1_base64="XH3XOuLVabmTmD3e9N+w6jcfCp0=">AAAB6HicbZC7SgNBFIbPxluMt6ilIItBsAq7gprOgI1lAuYCyRJmJ2eTMbOzy8ysEJaUVjYWitj6FKl8CDufwZdwcik0+sPAx/+fw5xz/JgzpR3n08osLa+srmXXcxubW9s7+d29uooSSbFGIx7Jpk8Uciawppnm2IwlktDn2PAHV5O8cYdSsUjc6GGMXkh6ggWMEm2sqtvJF5yiM5X9F9w5FC7fx9Wv+8NxpZP/aHcjmoQoNOVEqZbrxNpLidSMchzl2onCmNAB6WHLoCAhKi+dDjqyj43TtYNImie0PXV/dqQkVGoY+qYyJLqvFrOJ+V/WSnRQ8lIm4kSjoLOPgoTbOrInW9tdJpFqPjRAqGRmVpv2iSRUm9vkzBHcxZX/Qv206J4Xz6pOoVyCmbJwAEdwAi5cQBmuoQI1oIDwAE/wbN1aj9aL9TorzVjznn34JevtG0IjkP0=</latexit>

1
<latexit sha1_base64="F8FkEfYKFbWhX6CeAoaLBDiUGi8=">AAAB6HicbZC7SgNBFIbPxluMt6ilIItBsAq7ATWdARvLBMwFkhBmJ2eTMbOzy8ysEJaUVjYWitj6FKl8CDufwZdwcik08YeBj/8/hznneBFnSjvOl5VaWV1b30hvZra2d3b3svsHNRXGkmKVhjyUDY8o5ExgVTPNsRFJJIHHse4Nrid5/R6lYqG41cMI2wHpCeYzSrSxKoVONufknansZXDnkLv6GFe+H47H5U72s9UNaRyg0JQTpZquE+l2QqRmlOMo04oVRoQOSA+bBgUJULWT6aAj+9Q4XdsPpXlC21P3d0dCAqWGgWcqA6L7ajGbmP9lzVj7xXbCRBRrFHT2kR9zW4f2ZGu7yyRSzYcGCJXMzGrTPpGEanObjDmCu7jyMtQKefcif15xcqUizJSGIziBM3DhEkpwA2WoAgWER3iGF+vOerJerbdZacqa9xzCH1nvP0OnkP4=</latexit>

2single system 2-replica system 3-replica system

spin glass 
order

no symmetry breaking 
(in the standard sense) manifest spontaneous 

symmetry breaking
it may be that there is no spin glass order in d = 3

Sasaki, Hukushima, Yoshino, Takayama 2007, Baity-Jesi et al. 2014



summary
we proved inequalities for general short-range spin 

glass models that clarify the relations between 
different characterizations of “spin glass order”

the theory has an interesting implication in a 
model with a magnetic field.  such a model does not 
exhibit a symmetry breaking by itself but may exhibit 
spontaneous breakdown of replica permutation 
symmetry in the 3-replica system

our inequality may be used to prove the absence of 
spin glass order in some short-range models

we proved that  implies , and then 
 implies 

qbr > 0 qjump > 0
qjump > 0 qrsb > 0


