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Superconductor-Normal State Transition
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Superconducting Transition as a function

Of an applied magnetic field
Example of T=0 QPT

Tuning parameter magnetic field B
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Damping from the underlying fermions.|!n| !

Hertz (1976), Millis (1993), Belitz and Kirkpatrick (1996)
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Equivalent to a 1/|⌧ � ⌧ 0|2 interaction in imaginary time



Impact of disorder
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The problem is tackled by the SDRG 
Introduced by Ma, Dasgupta, Hu (1979), and further developed  

by D. Fisher (1992, 1995) 

Vojta, Kotabage, Hoyos (2009)
Application to problem at hand: Hoyos, Kotabage, Vojta (2007)

Discretized Large-N theory
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Competing local energies
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Belitz and Kirkpatrick (1996)
R Narayanan, Vojta, Belitz and Kirkpatrick (1999)
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Runaway flow



Site Decimation
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✏3 � J2, J3 :If the largest energy scale is

Site 3 is removed from the system

New weaker coupling mediates between sites 1 and 4
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Bond Decimation
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The greatest energy scales is
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J2 � ✏2, ✏3 :

Fuse the rotors together with a renormalized 
gap on the composite rotor
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Results from SDRG

A special transition called Infinite Disorder Transition

Supports activated scaling

S = T
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X
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z = 2 (Ohmic damping)

1 < z < 2 Super-Ohmic damping

Disordered KT like behaviour
Vojta, Hoyos, Mohan, Narayanan (2010)

Random Transverse Field Ising Model Fisher (1994), (1995)

Hoyos, Kotabage, Vojta (2007) Vojta, Kotabage, Hoyos (2009)

Critical behavior lies in same universality class 

unlike conventional 
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Recursion relation:
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exactly equivalent



Results from SDRG (contd.)

Off critical solution:
Distance to criticality

Off criticality one can show that

Smoking gun is the non-universal dynamical exponent z 

<latexit sha1_base64="fOT2Ec2RAY03XwIU4pkigWaKcYQ="></latexit>

hln ✏idis � hln Jidis = �0
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�0 !
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2�0

Implies a non-universal dynamical exponent that varies with
tuning parameter 

Look for a dynamical exponent that diverges as we approach  
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Quantum Griffiths Effects

Finite spatially Infinite extent in time

$

 Endowed with very slow dynamics due to infinite extent

 Slow dynamics responsible for anomalous effects  
in imaginary time.

in thermodynamic observables.
 In particular: Look at the lower critical dimension of Rare 

Regions Vojta Review (2013)



Resistivity Measurements in 2-DEGS
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Sheet Resistance as a function 

of Magnetic Field
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LaScO3/SrTiO3

Heterostructure
Superconductor-Insulator
transition as a function
of magnetic field 

 Drift in the crossing point
due to leading irrelevant 
operator.

PRB 99, 054515 (2019).
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<latexit sha1_base64="8QrHHDF9+06X9ja5vau1r4dqjEA=">AAAB7HicdVBNSwMxEJ2tX7V+VT16CRbBU9kU6cet6MVjBbcttEvJptk2NJtdkqxQS3+DFw+KePUHefPfmG0rqOiDgcd7M8zMCxLBtXHdDye3tr6xuZXfLuzs7u0fFA+P2jpOFWUejUWsugHRTHDJPMONYN1EMRIFgnWCyVXmd+6Y0jyWt2aaMD8iI8lDTomxkteXKbofFEtu2XVdjDHKCK5VXUsajXoF1xHOLIsSrNAaFN/7w5imEZOGCqJ1D7uJ8WdEGU4Fmxf6qWYJoRMyYj1LJYmY9meLY+fozCpDFMbKljRooX6fmJFI62kU2M6ImLH+7WXiX14vNWHdn3GZpIZJulwUpgKZGGWfoyFXjBoxtYRQxe2tiI6JItTYfAo2hK9P0f+kXSnjahnfXJSal6s48nACp3AOGGrQhGtogQcUODzAEzw70nl0XpzXZWvOWc0cww84b5/juI7B</latexit>⌫z <latexit sha1_base64="CbTcTAVJGwuAewqujr8aMaqkGA4=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4KkmRPnZFNy4r2Ad0hpJJ0zY0kwxJRilDf8ONC0Xc+jPu/BszbQUVPXDhcM693HtPGAtuLEIfXm5tfWNzK79d2Nnd2z8oHh51jEo0ZW2qhNK9kBgmuGRty61gvVgzEoWCdcPpVeZ375g2XMlbO4tZEJGx5CNOiXWS72s+nliitbqHg2IJlRFCGGOYEVyrIkcajXoF1yHOLIcSWKE1KL77Q0WTiElLBTGmj1Fsg5Roy6lg84KfGBYTOiVj1ndUkoiZIF3cPIdnThnCkdKupIUL9ftESiJjZlHoOiNiJ+a3l4l/ef3EjupBymWcWCbpctEoEdAqmAUAh1wzasXMEUI1d7dCOiGaUOtiKrgQvj6F/5NOpYyrZXxzUWperuLIgxNwCs4BBjXQBNegBdqAghg8gCfw7CXeo/fivS5bc95q5hj8gPf2CWvVkfM=</latexit>! Universal

<latexit sha1_base64="8QrHHDF9+06X9ja5vau1r4dqjEA=">AAAB7HicdVBNSwMxEJ2tX7V+VT16CRbBU9kU6cet6MVjBbcttEvJptk2NJtdkqxQS3+DFw+KePUHefPfmG0rqOiDgcd7M8zMCxLBtXHdDye3tr6xuZXfLuzs7u0fFA+P2jpOFWUejUWsugHRTHDJPMONYN1EMRIFgnWCyVXmd+6Y0jyWt2aaMD8iI8lDTomxkteXKbofFEtu2XVdjDHKCK5VXUsajXoF1xHOLIsSrNAaFN/7w5imEZOGCqJ1D7uJ8WdEGU4Fmxf6qWYJoRMyYj1LJYmY9meLY+fozCpDFMbKljRooX6fmJFI62kU2M6ImLH+7WXiX14vNWHdn3GZpIZJulwUpgKZGGWfoyFXjBoxtYRQxe2tiI6JItTYfAo2hK9P0f+kXSnjahnfXJSal6s48nACp3AOGGrQhGtogQcUODzAEzw70nl0XpzXZWvOWc0cww84b5/juI7B</latexit>⌫z

<latexit sha1_base64="CbTcTAVJGwuAewqujr8aMaqkGA4=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4KkmRPnZFNy4r2Ad0hpJJ0zY0kwxJRilDf8ONC0Xc+jPu/BszbQUVPXDhcM693HtPGAtuLEIfXm5tfWNzK79d2Nnd2z8oHh51jEo0ZW2qhNK9kBgmuGRty61gvVgzEoWCdcPpVeZ375g2XMlbO4tZEJGx5CNOiXWS72s+nliitbqHg2IJlRFCGGOYEVyrIkcajXoF1yHOLIcSWKE1KL77Q0WTiElLBTGmj1Fsg5Roy6lg84KfGBYTOiVj1ndUkoiZIF3cPIdnThnCkdKupIUL9ftESiJjZlHoOiNiJ+a3l4l/ef3EjupBymWcWCbpctEoEdAqmAUAh1wzasXMEUI1d7dCOiGaUOtiKrgQvj6F/5NOpYyrZXxzUWperuLIgxNwCs4BBjXQBNegBdqAghg8gCfw7CXeo/fivS5bc95q5hj8gPf2CWvVkfM=</latexit>! conventional
<latexit sha1_base64="CbTcTAVJGwuAewqujr8aMaqkGA4=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4KkmRPnZFNy4r2Ad0hpJJ0zY0kwxJRilDf8ONC0Xc+jPu/BszbQUVPXDhcM693HtPGAtuLEIfXm5tfWNzK79d2Nnd2z8oHh51jEo0ZW2qhNK9kBgmuGRty61gvVgzEoWCdcPpVeZ375g2XMlbO4tZEJGx5CNOiXWS72s+nliitbqHg2IJlRFCGGOYEVyrIkcajXoF1yHOLIcSWKE1KL77Q0WTiElLBTGmj1Fsg5Roy6lg84KfGBYTOiVj1ndUkoiZIF3cPIdnThnCkdKupIUL9ftESiJjZlHoOiNiJ+a3l4l/ef3EjupBymWcWCbpctEoEdAqmAUAh1wzasXMEUI1d7dCOiGaUOtiKrgQvj6F/5NOpYyrZXxzUWperuLIgxNwCs4BBjXQBNegBdqAghg8gCfw7CXeo/fivS5bc95q5hj8gPf2CWvVkfM=</latexit>! Varies with B <latexit sha1_base64="CbTcTAVJGwuAewqujr8aMaqkGA4=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4KkmRPnZFNy4r2Ad0hpJJ0zY0kwxJRilDf8ONC0Xc+jPu/BszbQUVPXDhcM693HtPGAtuLEIfXm5tfWNzK79d2Nnd2z8oHh51jEo0ZW2qhNK9kBgmuGRty61gvVgzEoWCdcPpVeZ375g2XMlbO4tZEJGx5CNOiXWS72s+nliitbqHg2IJlRFCGGOYEVyrIkcajXoF1yHOLIcSWKE1KL77Q0WTiElLBTGmj1Fsg5Roy6lg84KfGBYTOiVj1ndUkoiZIF3cPIdnThnCkdKupIUL9ftESiJjZlHoOiNiJ+a3l4l/ef3EjupBymWcWCbpctEoEdAqmAUAh1wzasXMEUI1d7dCOiGaUOtiKrgQvj6F/5NOpYyrZXxzUWperuLIgxNwCs4BBjXQBNegBdqAghg8gCfw7CXeo/fivS5bc95q5hj8gPf2CWvVkfM=</latexit>!
Griffiths Behavior



Extracting an effective dynamical exponent

<latexit sha1_base64="SukNHI2A+lgvqKTfBJgvLVmJnjs="></latexit>

R⇤ = Rcf

"
(B �Bc)

✓
T0

T

◆1/⌫z
#

.

<latexit sha1_base64="zaLRXwcxfdeYi8du99qwKqVYh4k=">AAAB+nicdVDLSgMxFM3UV62vqS7dBIvgqkyK9LErunFZxT6gHYZMmmlDM5kxyShl7Ke4caGIW7/EnX9jpq2gogcuHM65l3vv8WPOlHacDyu3srq2vpHfLGxt7+zu2cX9jooSSWibRDySPR8rypmgbc00p71YUhz6nHb9yXnmd2+pVCwS13oaUzfEI8ECRrA2kmcXocGVlw7UTYIlncGCZ5ecsuM4CCGYEVSrOoY0GvUKqkOUWQYlsETLs98Hw4gkIRWacKxUHzmxdlMsNSOczgqDRNEYkwke0b6hAodUuen89Bk8NsoQBpE0JTScq98nUhwqNQ190xliPVa/vUz8y+snOqi7KRNxoqkgi0VBwqGOYJYDHDJJieZTQzCRzNwKyRhLTLRJKwvh61P4P+lUyqhaRpenpebZMo48OARH4AQgUANNcAFaoA0IuAMP4Ak8W/fWo/VivS5ac9Zy5gD8gPX2CWKpktE=</latexit>

R⇤

Extract and effective <latexit sha1_base64="8QrHHDF9+06X9ja5vau1r4dqjEA=">AAAB7HicdVBNSwMxEJ2tX7V+VT16CRbBU9kU6cet6MVjBbcttEvJptk2NJtdkqxQS3+DFw+KePUHefPfmG0rqOiDgcd7M8zMCxLBtXHdDye3tr6xuZXfLuzs7u0fFA+P2jpOFWUejUWsugHRTHDJPMONYN1EMRIFgnWCyVXmd+6Y0jyWt2aaMD8iI8lDTomxkteXKbofFEtu2XVdjDHKCK5VXUsajXoF1xHOLIsSrNAaFN/7w5imEZOGCqJ1D7uJ8WdEGU4Fmxf6qWYJoRMyYj1LJYmY9meLY+fozCpDFMbKljRooX6fmJFI62kU2M6ImLH+7WXiX14vNWHdn3GZpIZJulwUpgKZGGWfoyFXjBoxtYRQxe2tiI6JItTYfAo2hK9P0f+kXSnjahnfXJSal6s48nACp3AOGGrQhGtogQcUODzAEzw70nl0XpzXZWvOWc0cww84b5/juI7B</latexit>⌫z as a function of T and B

Use the power-law scaling ansatz

Strategy:

For each set of resistance isotherms find
<latexit sha1_base64="SaFB6QFpN3m+FG/8kq/4J1YXUOk=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4Ct1BstxCcvEY0SyQDKGn00ma9Cx09whhyCd48aCIV7/Im39jTxJBRR8UPN6roqqeF0mhDcYfTmZjc2t7J7ub29s/ODzKH590dBgrxtsslKHqeVRzKQLeNsJI3osUp74nedebNVO/e8+VFmFwZ+YRd306CcRYMGqsdNsYNof5Ai5ijAkhKCWkUsaW1GrVEqkikloWBVijNcy/D0Yhi30eGCap1n2CI+MmVBnBJF/kBrHmEWUzOuF9SwPqc+0my1MX6MIqIzQOla3AoKX6fSKhvtZz37OdPjVT/dtLxb+8fmzGVTcRQRQbHrDVonEskQlR+jcaCcWZkXNLKFPC3orYlCrKjE0nZ0P4+hT9TzqlIikXyc1Vod5Yx5GFMziHSyBQgTpcQwvawGACD/AEz450Hp0X53XVmnHWM6fwA87bJyOijbg=</latexit>

BC and 
<latexit sha1_base64="gC+kAVaf1mJ+uSWWuJPbqy2jE2A=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4CtNBstyCuXiMSxZIhtDT6SRNenqG7h4hDPkELx4U8eoXefNv7EkiqOiDgsd7VVTV8yPBtXHdDyeztr6xuZXdzu3s7u0f5A+P2jqMFWUtGopQdX2imeCStQw3gnUjxUjgC9bxp43U79wzpXko78wsYl5AxpKPOCXGSrc3g8YgX3CLrutijFFKcKXsWlKrVUu4inBqWRRgheYg/94fhjQOmDRUEK172I2MlxBlOBVsnuvHmkWETsmY9SyVJGDaSxanztGZVYZoFCpb0qCF+n0iIYHWs8C3nQExE/3bS8W/vF5sRlUv4TKKDZN0uWgUC2RClP6NhlwxasTMEkIVt7ciOiGKUGPTydkQvj5F/5N2qYjLRXx9UahfruLIwgmcwjlgqEAdrqAJLaAwhgd4gmdHOI/Oi/O6bM04q5lj+AHn7RM8Ao3I</latexit>

RC

Perform a data collapse on these isotherms and obtain
effective

<latexit sha1_base64="daoBA9qPp96WveBcfaIyKLolXTA=">AAAB/3icdVDLSgMxFM34rPU1KrhxEyxCuymTIn3sim5cVugLOqVk0kwbmskMSUaoYxf+ihsXirj1N9z5N2baCip64MLhnHu59x4v4kxpx/mwVlbX1jc2M1vZ7Z3dvX374LCtwlgS2iIhD2XXw4pyJmhLM81pN5IUBx6nHW9ymfqdGyoVC0VTTyPaD/BIMJ8RrI00sI+TvCtieFuYDRJXBpD6/izfLAzsnFN0HAchBFOCKmXHkFqtWkJViFLLIAeWaAzsd3cYkjigQhOOleohJ9L9BEvNCKezrBsrGmEywSPaM1TggKp+Mr9/Bs+MMoR+KE0JDefq94kEB0pNA890BliP1W8vFf/yerH2q/2EiSjWVJDFIj/mUIcwDQMOmaRE86khmEhmboVkjCUm2kSWNSF8fQr/J+1SEZWL6Po8V79YxpEBJ+AU5AECFVAHV6ABWoCAO/AAnsCzdW89Wi/W66J1xVrOHIEfsN4+AfGtlW0=</latexit>

(⌫z)e↵(T )



Smoking Gun: The first divergence

<latexit sha1_base64="wAIqMEkVMa6BhbYF6LvIB/RcCFk="></latexit>✓
1

⌫z

◆

e↵

=
1

⌫ 

1

ln(T0/T )

in line with IRFP predictions.
However for T<0.07 K the data does not fit with the IRFP scenario 

Similar results: Lewellyn (2019), Xing (2015) 

puts constraint on functional form of 

Extract 
<latexit sha1_base64="vfuwF0Gg1pnOfBtvIt55nktxamY=">AAAB8XicdVDLSgMxFM3UV62vqks3wSLUTUmK9LErdeOygn1gO5RMmmlDM5khyQh16F+4caGIW//GnX9jpq2gogcuHM65l3vv8SLBtUHow8msrW9sbmW3czu7e/sH+cOjjg5jRVmbhiJUPY9oJrhkbcONYL1IMRJ4gnW96WXqd++Y0jyUN2YWMTcgY8l9Tomx0u1AxvC+2BzS82G+gEoIIYwxTAmuVpAl9XqtjGsQp5ZFAazQGubfB6OQxgGThgqidR+jyLgJUYZTwea5QaxZROiUjFnfUkkCpt1kcfEcnlllBP1Q2ZIGLtTvEwkJtJ4Fnu0MiJno314q/uX1Y+PX3ITLKDZM0uUiPxbQhDB9H464YtSImSWEKm5vhXRCFKHGhpSzIXx9Cv8nnXIJV0r4+qLQaK7iyIITcAqKAIMqaIAr0AJtQIEED+AJPDvaeXRenNdla8ZZzRyDH3DePgGtLZBI</latexit>

⌫z(Bc)

Note the first divergence in line with 
<latexit sha1_base64="Zel65oApahYujF1GXgJ8sHmFnjI="></latexit>

z⌫ ⇠ (Bc
⇤ �Bc)

�⌫ 

However, the kink like feature at lower
temperature is not consistent with 

IRFP and the Griffiths
phase

For 
<latexit sha1_base64="vHs5ERqKwGnq2HN1PFfDnCOv2WQ=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4KkmRPjZSdOOyQl/QDiWTZtrYTDIkGaGU/oMbF4q49X/c+Tdm2goqeiDkcM693HtPEAtuLEIfXmZtfWNzK7ud29nd2z/IHx61jUo0ZS2qhNLdgBgmuGQty61g3VgzEgWCdYLJdep37pk2XMmmncbMj8hI8pBTYp3Ubl6iIqoM8gX3IYQxhinBlTJypFarlnAV4tRyKIAVGoP8e3+oaBIxaakgxvQwiq0/I9pyKtg8108MiwmdkBHrOSpJxIw/W2w7h2dOGcJQafekhQv1e8eMRMZMo8BVRsSOzW8vFf/yeokNq/6MyzixTNLloDAR0CqYng6HXDNqxdQRQjV3u0I6JppQ6wLKuRC+LoX/k3apiMtFfHtRqF+t4siCE3AKzgEGFVAHN6ABWoCCO/AAnsCzp7xH78V7XZZmvFXPMfgB7+0TQ5COSQ==</latexit>

T > 0.07



Cloaking of Griffiths phase

 In the range:
<latexit sha1_base64="csvRqSKxaSNKZ8Y3EvCLsNJkdnc=">AAAB9HicdVDLSgMxFM3UV62vqks3wSK4GpIinRa6KLoR3FToC9qhZNK0Dc08TDKFMtTfcONCEbd+jDv/xkxbQUUPXDg5515y7/EiwZVG6MPKrK1vbG5lt3M7u3v7B/nDo5YKY0lZk4YilB2PKCZ4wJqaa8E6kWTE9wRre5Or1G9PmVQ8DBp6FjHXJ6OADzkl2kguspFzf1NtVJGNnX6+YN4IYYxhSrBTQoZUKuUiLkOcWgYFsEK9n3/vDUIa+yzQVBCluhhF2k2I1JwKNs/1YsUiQidkxLqGBsRnyk0WS8/hmVEGcBhKU4GGC/X7REJ8pWa+Zzp9osfqt5eKf3ndWA/LbsKDKNYsoMuPhrGAOoRpAnDAJaNazAwhVHKzK6RjIgnVJqecCeHrUvg/aRVtXLLx7UWhdrmKIwtOwCk4Bxg4oAauQR00AQV34AE8gWdraj1aL9brsjVjrWaOwQ9Yb58Kg5BY</latexit>

0.07 K < T < 0.17
<latexit sha1_base64="GJK2Gp1YM6LcTE4ff0sUuyaaA9c="></latexit>✓
1
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=
1
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1

ln(T0/T )

In the range
<latexit sha1_base64="bV/zviTQ3dQipYR3x2g9r4fzLjE=">AAAB8XicdVDLSgMxFL3js9ZX1aWbYBFclaRIH+Ci6EZwU6EvbEvJpGkbmskMSUYopX/hxoUibv0bd/6NmbaCih64cDjnXu69x4+kMBbjD29ldW19YzO1ld7e2d3bzxwcNkwYa8brLJShbvnUcCkUr1thJW9FmtPAl7zpj68Sv3nPtRGhqtlJxLsBHSoxEIxaJ93V0AXCOVxEN71M1hGMCSGJgkmxgB0pl0t5UkIksRyysES1l3nv9EMWB1xZJqkxbYIj251SbQWTfJbuxIZHlI3pkLcdVTTgpjudXzxDp07po0GoXSmL5ur3iSkNjJkEvusMqB2Z314i/uW1YzsodadCRbHlii0WDWKJbIiS91FfaM6snDhCmRbuVsRGVFNmXUhpF8LXp+h/0sjnSCFHbs+zlctlHCk4hhM4AwJFqMA1VKEODBQ8wBM8e8Z79F6810XrirecOYIf8N4+Adztjxo=</latexit>

T < 0.07K
<latexit sha1_base64="0gaGBFpCz899PzLF5vBMUAS/3/w=">AAACAHicdVDLSgMxFM3UV62vqgsXboJFqAvLpEgfu6IblxX6EDpjyaRpG5rJDElGqMNs/BU3LhRx62e482/MtBVU9MCFwzn3cu89XsiZ0rb9YWWWlldW17LruY3Nre2d/O5eRwWRJLRNAh7Iaw8rypmgbc00p9ehpNj3OO16k4vU795SqVggWnoaUtfHI8GGjGBtpH7+IL5zRJQUWyfQUcyHrZv4FJXqST9fsEu2bSOEYEpQtWIbUq/XyqgGUWoZFMACzX7+3RkEJPKp0IRjpXrIDrUbY6kZ4TTJOZGiISYTPKI9QwX2qXLj2QMJPDbKAA4DaUpoOFO/T8TYV2rqe6bTx3qsfnup+JfXi/Sw5sZMhJGmgswXDSMOdQDTNOCASUo0nxqCiWTmVkjGWGKiTWY5E8LXp/B/0imXUKWErs4KjfNFHFlwCI5AESBQBQ1wCZqgDQhIwAN4As/WvfVovViv89aMtZjZBz9gvX0CHqSVdw==</latexit>

z⌫(T ) ⇠ T�1.9

Incompatible with the notion
of Quantum Critical Point.

<latexit sha1_base64="U8zHnO+N+8olAEO/hM7zc/3IuOY=">AAAB8nicdVBNS8NAEN3Ur1q/qh69LBbBU0hiaeut6MVjFfsBbSib7aZdusmG3YlSSn+GFw+KePXXePPfuGkrqOiDgcd7M8zMCxLBNTjOh5VbWV1b38hvFra2d3b3ivsHLS1TRVmTSiFVJyCaCR6zJnAQrJMoRqJAsHYwvsz89h1Tmsv4FiYJ8yMyjHnIKQEjdXs3fDgCopS87xdLjn1eq3jlCnZsx6m6npsRr1o+K2PXKBlKaIlGv/jeG0iaRiwGKojWXddJwJ8SBZwKNiv0Us0SQsdkyLqGxiRi2p/OT57hE6MMcCiVqRjwXP0+MSWR1pMoMJ0RgZH+7WXiX143hbDmT3mcpMBiulgUpgKDxNn/eMAVoyAmhhCquLkV0xFRhIJJqWBC+PoU/09anu1WbPe6XKpfLOPIoyN0jE6Ri6qojq5QAzURRRI9oCf0bIH1aL1Yr4vWnLWcOUQ/YL19AvMikbU=</latexit>)

<latexit sha1_base64="Oxpjak/jDL1ub9V8sHMZjIr6OKQ="></latexit>

R⇤ = Rcf


(B �Bc)

Bc
ln(T0/T )

1/⌫ 

�

 Scaling collapse with activated 
scaling: Remember

Data collapse break down for
<latexit sha1_base64="NAyQwSllve+aiPJhWlzdu/m3icE=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBFchaSGpqKLohvBTYW+oAllMp20QycPZiZKif0UNy4UceuXuPNvnLQVVPTAhcM593LvPX7CqJCm+aEtLa+srq0XNoqbW9s7u3ppry3ilGPSwjGLeddHgjAakZakkpFuwgkKfUY6/vgy9zu3hAsaR005SYgXomFEA4qRVFJfLzXPoWmYjnsGM5eH8Hra18umcVqrVuxq7piOVbFyUnHsExtaSslRBgs0+vq7O4hxGpJIYoaE6FlmIr0McUkxI9OimwqSIDxGQ9JTNEIhEV42O30Kj5QygEHMVUUSztTvExkKhZiEvuoMkRyJ314u/uX1UhnUvIxGSSpJhOeLgpRBGcM8BzignGDJJoogzKm6FeIR4ghLlVZRhfD1KfyftCuGVTWsG7tcv1jEUQAH4BAcAws4oA6uQAO0AAZ34AE8gWftXnvUXrTXeeuStpjZBz+gvX0Cvc+SZw==</latexit>

T < 0.07 K

ln ⇠⌧ ⇠ ⇠1/2



Summarizing
For T>0.07 K, the data is consistent with IRFP 

with attendant Griffiths phase: 
<latexit sha1_base64="Zel65oApahYujF1GXgJ8sHmFnjI="></latexit>

z⌫ ⇠ (Bc
⇤ �Bc)

�⌫ 

and
<latexit sha1_base64="wAIqMEkVMa6BhbYF6LvIB/RcCFk="></latexit>✓
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For T<0.07 K, the data is inconsistent with
<latexit sha1_base64="0gaGBFpCz899PzLF5vBMUAS/3/w=">AAACAHicdVDLSgMxFM3UV62vqgsXboJFqAvLpEgfu6IblxX6EDpjyaRpG5rJDElGqMNs/BU3LhRx62e482/MtBVU9MCFwzn3cu89XsiZ0rb9YWWWlldW17LruY3Nre2d/O5eRwWRJLRNAh7Iaw8rypmgbc00p9ehpNj3OO16k4vU795SqVggWnoaUtfHI8GGjGBtpH7+IL5zRJQUWyfQUcyHrZv4FJXqST9fsEu2bSOEYEpQtWIbUq/XyqgGUWoZFMACzX7+3RkEJPKp0IRjpXrIDrUbY6kZ4TTJOZGiISYTPKI9QwX2qXLj2QMJPDbKAA4DaUpoOFO/T8TYV2rqe6bTx3qsfnup+JfXi/Sw5sZMhJGmgswXDSMOdQDTNOCASUo0nxqCiWTmVkjGWGKiTWY5E8LXp/B/0imXUKWErs4KjfNFHFlwCI5AESBQBQ1wCZqgDQhIwAN4As/WvfVovViv89aMtZjZBz9gvX0CHqSVdw==</latexit>

z⌫(T ) ⇠ T�1.9IRFP

Conclusion:The Infinite Randomness fixed point 

is destabilised below  <latexit sha1_base64="gXoJC/EWaViQMW+0yBWih9YzcmY=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4KkmRPsBF0Y3LCn1BO5RMmmljM8mQZIRS+g9uXCji1v9x59+YaSuo6IGQwzn3cu89QSy4sQh9eJm19Y3Nrex2bmd3b/8gf3jUNirRlLWoEkp3A2KY4JK1LLeCdWPNSBQI1gkm16nfuWfacCWbdhozPyIjyUNOiXVSu3mJiqgyyBfchxDGGKYEV8rIkVqtWsJViFPLoQBWaAzy7/2hoknEpKWCGNPDKLb+jGjLqWDzXD8xLCZ0Qkas56gkETP+bLHtHJ45ZQhDpd2TFi7U7x0zEhkzjQJXGRE7Nr+9VPzL6yU2rPozLuPEMkmXg8JEQKtgejoccs2oFVNHCNXc7QrpmGhCrQso50L4uhT+T9qlIi4X8e1FoX61iiMLTsApOAcYVEAd3IAGaAEK7sADeALPnvIevRfvdVma8VY9x+AHvLdPQICORw==</latexit>

T < 0.07

Can we come up with a physical mechanism that 

destabilises IRFP



Towards a plausible explanation

Dobrasaljveic and Miranda (2005)
Consider the rare-regions interacting via 

random long range interaction
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J12 / R12
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J13 /R3<latexit sha1_base64="o8ID8mlHMGkGHTAAf5sqHb1PGkI=">AAACBnicdVDLSgMxFM3UV62vUZciBIsgCGVSpI+FUHQjdFNb+5C2lEyatqGZB0lGKMOs3Pgrblwo4tZvcOffmGmrqOiBCyfn3EvuPbbPmVSW9W4kFhaXlleSq6m19Y3NLXN7pyG9QBBaJx73RMvGknLm0rpiitOWLyh2bE6b9vg89ps3VEjmuVdq4tOug4cuGzCClZZ65n4NnsJaL+wIB1arETz+epTL11HPTFsZy7IQQjAmKJ+zNCkWC1lUgCi2NNJgjkrPfOv0PRI41FWEYynbyPJVN8RCMcJplOoEkvqYjPGQtjV1sUNlN5yeEcFDrfThwBO6XAWn6veJEDtSThxbdzpYjeRvLxb/8tqBGhS6IXP9QFGXzD4aBBwqD8aZwD4TlCg+0QQTwfSukIywwETp5FI6hM9L4f+kkc2gXAZdnqRLZ/M4kmAPHIAjgEAelMAFqIA6IOAW3INH8GTcGQ/Gs/Eya00Y85ld8APG6wdj/Zcz</latexit>

S = SRR + SRKKY
<latexit sha1_base64="SLowMFoCVJo5kbtKlelWoeSMqYk="></latexit>

SRR =
X

!n

�i(!n) (✏i + |!n|)�i(�!n)
<latexit sha1_base64="zGeTXJToFChlhyb8yg8JCfqk3lY=">AAAB9HicdVDLSgMxFM34rPVVdekmWISKUJJS+tgV3bizgn1AO5ZMmrahmcyYZApl6He4caGIWz/GnX9jpq2gogcuHM65l3vv8ULBtUHow1lZXVvf2Extpbd3dvf2MweHTR1EirIGDUSg2h7RTHDJGoYbwdqhYsT3BGt548vEb02Y0jyQt2YaMtcnQ8kHnBJjJfccXufibjjis7viWS+TRXmEEMYYJgSXS8iSarVSwBWIE8siC5ao9zLv3X5AI59JQwXRuoNRaNyYKMOpYLN0N9IsJHRMhqxjqSQ+0248P3oGT63Sh4NA2ZIGztXvEzHxtZ76nu30iRnp314i/uV1IjOouDGXYWSYpItFg0hAE8AkAdjnilEjppYQqri9FdIRUYQam1PahvD1KfyfNAt5XMrjm2K2drGMIwWOwQnIAQzKoAauQB00AAX34AE8gWdn4jw6L87ronXFWc4cgR9w3j4BfSyRSg==</latexit>

+O(�4)
<latexit sha1_base64="PXYUOeIeFWdeTjiuEcX33AXlJ60="></latexit>

SRKKY =
Jij
Rd

ij

Z
d⌧�i(⌧)�j(⌧)

<latexit sha1_base64="OLTmV4k9fGrdwv+thwyFXQk7KX4=">AAAB+3icdVDLSgMxFM3UV62vsS7dBIvgqkyK9LEruhFXFewD2mHIpGkbm5kMSUYtw/yKGxeKuPVH3Pk3ZtoKKnrgwuGce7n3Hj/iTGnH+bByK6tr6xv5zcLW9s7unr1f7CgRS0LbRHAhez5WlLOQtjXTnPYiSXHgc9r1p+eZ372lUjERXutZRN0Aj0M2YgRrI3l28dJL2E0KB5KNJxpLKe48u+SUHcdBCMGMoFrVMaTRqFdQHaLMMiiBJVqe/T4YChIHNNSEY6X6yIm0m2CpGeE0LQxiRSNMpnhM+4aGOKDKTea3p/DYKEM4EtJUqOFc/T6R4ECpWeCbzgDrifrtZeJfXj/Wo7qbsDCKNQ3JYtEo5lALmAUBh0xSovnMEEwkM7dCMsESE23iKpgQvj6F/5NOpYyqZXR1WmqeLePIg0NwBE4AAjXQBBegBdqAgHvwAJ7As5Vaj9aL9bpozVnLmQPwA9bbJ5nClNQ=</latexit>

Jij ! random: Integrate out using Replicas 
<latexit sha1_base64="qcn38BmF+R63f1SLoLd/tYLWwPE=">AAACAXicdVDJSgNBEO2JW4zbqBfBS2MQPIXpIFluQS9CLnHJIplh6Ol0kiY9C909ShjixV/x4kERr/6FN//GniSCij4oeLxXRVU9L+JMKsv6MDILi0vLK9nV3Nr6xuaWub3TkmEsCG2SkIei42FJOQtoUzHFaScSFPsep21vdJr67RsqJAuDKzWOqOPjQcD6jGClJdfcu3QTW/jwol6/nkBbsMFQYSHCW9fMWwXLshBCMCWoXL I0qVYrRVSBKLU08mCOhmu+272QxD4NFOFYyi6yIuUkWChGOJ3k7FjSCJMRHtCupgH2qXSS6QcTeKiVHuyHQleg4FT9PpFgX8qx7+lOH6uh/O2l4l9eN1b9ipOwIIoVDchsUT/mUIUwjQP2mKBE8bEmmAimb4VkiAUmSoeW0yF8fQr/J61iAZUK6Pw4XzuZx5EF++AAHAEEyqAGzkADNAEBd+ABPIFn4954NF6M11lrxpjP7IIfMN4+AWNdluI=</latexit>

SRKKY !
<latexit sha1_base64="66///v1kYdMZ2mg7PPAmbY9shv8="></latexit>
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R2d

X

↵,�

Z
d⌧d⌧ 0�↵

i (⌧)�
↵
j (⌧)�

�
i (⌧

0)��
j (⌧

0)
<latexit sha1_base64="eGHWSyALY4wao+b1KsvymW1+P/I=">AAAB8nicdVDLSgNBEJz1GeMr6tHLYBA8hZ0gedyCXjxGMQ9IljA7mU2GzO4sM71KWPIZXjwo4tWv8ebfOJtEUNGChqKqm+4uP5bCgOt+OCura+sbm7mt/PbO7t5+4eCwbVSiGW8xJZXu+tRwKSLeAgGSd2PNaehL3vEnl5nfuePaCBXdwjTmXkhHkQgEo2ClXv9GjMZAtVb3g0LRLbmuSwjBGSHVimtJvV4rkxommWVRREs0B4X3/lCxJOQRMEmN6RE3Bi+lGgSTfJbvJ4bHlE3oiPcsjWjIjZfOT57hU6sMcaC0rQjwXP0+kdLQmGno286Qwtj89jLxL6+XQFDzUhHFCfCILRYFicSgcPY/HgrNGcipJZRpYW/FbEw1ZWBTytsQvj7F/5N2uUQqJXJ9XmxcLOPIoWN0gs4QQVXUQFeoiVqIIYUe0BN6dsB5dF6c10XrirOcOUI/4Lx9AuAJkak=</latexit>) HS decoupling+ saddle point approximation

Evaluate in a self consistent manner 
<latexit sha1_base64="sGjluXkPI46yFP13Xf5fIY6ruk8=">AAAB+HicdVDJSgNBEO1xjXHJqEcvjUHwFKaDZLkFvXhMwCyQjKGm05M06Vno7hHikC/x4kERr36KN//GniSCij4oeLxXRVU9LxZcacf5sNbWNza3tnM7+d29/YOCfXjUUVEiKWvTSESy54FigoesrbkWrBdLBoEnWNebXmV+945JxaPwRs9i5gYwDrnPKWgjDe1C6zYdgIgnMPCYhvnQLjolx3EIITgjpFpxDKnXa2VSwySzDIpohebQfh+MIpoELNRUgFJ94sTaTUFqTgWb5weJYjHQKYxZ39AQAqbcdHH4HJ8ZZYT9SJoKNV6o3ydSCJSaBZ7pDEBP1G8vE//y+on2a27KwzjRLKTLRX4isI5wlgIeccmoFjNDgEpubsV0AhKoNlnlTQhfn+L/SadcIpUSaV0UG5erOHLoBJ2ic0RQFTXQNWqiNqIoQQ/oCT1b99aj9WK9LlvXrNXMMfoB6+0TP06Tfg==</latexit>

Q↵�<latexit sha1_base64="eGHWSyALY4wao+b1KsvymW1+P/I=">AAAB8nicdVDLSgNBEJz1GeMr6tHLYBA8hZ0gedyCXjxGMQ9IljA7mU2GzO4sM71KWPIZXjwo4tWv8ebfOJtEUNGChqKqm+4uP5bCgOt+OCura+sbm7mt/PbO7t5+4eCwbVSiGW8xJZXu+tRwKSLeAgGSd2PNaehL3vEnl5nfuePaCBXdwjTmXkhHkQgEo2ClXv9GjMZAtVb3g0LRLbmuSwjBGSHVimtJvV4rkxommWVRREs0B4X3/lCxJOQRMEmN6RE3Bi+lGgSTfJbvJ4bHlE3oiPcsjWjIjZfOT57hU6sMcaC0rQjwXP0+kdLQmGno286Qwtj89jLxL6+XQFDzUhHFCfCILRYFicSgcPY/HgrNGcipJZRpYW/FbEw1ZWBTytsQvj7F/5N2uUQqJXJ9XmxcLOPIoWN0gs4QQVXUQFeoiVqIIYUe0BN6dsB5dF6c10XrirOcOUI/4Lx9AuAJkak=</latexit>) <latexit sha1_base64="eGHWSyALY4wao+b1KsvymW1+P/I=">AAAB8nicdVDLSgNBEJz1GeMr6tHLYBA8hZ0gedyCXjxGMQ9IljA7mU2GzO4sM71KWPIZXjwo4tWv8ebfOJtEUNGChqKqm+4uP5bCgOt+OCura+sbm7mt/PbO7t5+4eCwbVSiGW8xJZXu+tRwKSLeAgGSd2PNaehL3vEnl5nfuePaCBXdwjTmXkhHkQgEo2ClXv9GjMZAtVb3g0LRLbmuSwjBGSHVimtJvV4rkxommWVRREs0B4X3/lCxJOQRMEmN6RE3Bi+lGgSTfJbvJ4bHlE3oiPcsjWjIjZfOT57hU6sMcaC0rQjwXP0+kdLQmGno286Qwtj89jLxL6+XQFDzUhHFCfCILRYFicSgcPY/HgrNGcipJZRpYW/FbEw1ZWBTytsQvj7F/5N2uUQqJXJ9XmxcLOPIoWN0gs4QQVXUQFeoiVqIIYUe0BN6dsB5dF6c10XrirOcOUI/4Lx9AuAJkak=</latexit>)



The General Case:
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SG =
∫

dωφi(ω){χ(ω)}disφi(ω)

{χ(ω)}dis ∼
∫

dεP (ε)[ε+ |ω|]−1

Griffiths Phase ⇒ P (ε) ∼ εα−1

Later !!

Damping: |ω| → |ω|α−1

Reminder: α = d/z

The model maps onto an effective model 1-d model with
slower than 1/r2 interaction

⇒ System above the lower-critical dimension even in
the Heisenberg case

⇒Leads to the freezing of large droplets thus
pre-empting the Griffiths phase.

• Ref: V. Dobrosavljevic and E. Miranda (2005).
Impact of Quenched Disorder on Phase Transitions. – p.33/54



Destabilizing the Griffiths Phase
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From Dobrasaljveic and Miranda (2005)

Interaction between the droplets 
provides another source of dissipation

<latexit sha1_base64="CZ51T76N/+I37aZbn2U9li7U44c="></latexit>

SG =

Z
d!�i(!)[�(!)]dis�i(!)

<latexit sha1_base64="4zor8/zBMzxxjhTW77hgc/A6Xds="></latexit>

[�(!)]dis

<latexit sha1_base64="1n/ncnDuw6eo0GVz1GzByVfxj0s="></latexit>

=

Z
d✏

⇢(✏)

✏+ |!n|

In the Griffiths phase
<latexit sha1_base64="gQjtju8N7D0F6cbNvibskAjdz0g=">AAACCnicdZDLSgMxFIYz9VbrbdSlm2gRdGGdFOllIRTduKxgq9DWkknTNjSTDElGqEPXbnwVNy4UcesTuPNtzLQVVPRA4OP/z+Hk/H7ImTae9+GkZmbn5hfSi5ml5ZXVNXd9o65lpAitEcmluvKxppwJWjPMcHoVKooDn9NLf3Ca+Jc3VGkmxYUZhrQV4J5gXUawsVLb3W6qvtxr0lAzLsU+PIZffB13Dm8P0KjtZr2c53kIIZgAKhY8C+VyKY9KECWWrSyYVrXtvjc7kkQBFYZwrHUDeaFpxVgZRjgdZZqRpiEmA9yjDYsCB1S34vEpI7hrlQ7sSmWfMHCsfp+IcaD1MPBtZ4BNX//2EvEvrxGZbqkVMxFGhgoyWdSNODQSJrnADlOUGD60gIli9q+Q9LHCxNj0MjaEr0vh/1DP51Ahh86PspWTaRxpsAV2wB5AoAgq4AxUQQ0QcAcewBN4du6dR+fFeZ20ppzpzCb4Uc7bJ1qAmhE=</latexit>

⇢(✏) = ✏d/z�1

Performing the integration:
<latexit sha1_base64="Xwdc3sjqX24wOzB6M7mwq77seSo="></latexit>

|!| ! |!|d/z�1

Rare-regions map to 1-d model with slower than 
<latexit sha1_base64="vYhb1ZFgktMIqxRrGrUyha3dKaY=">AAAB8XicdVDLSgMxFM3UV62vqks3wSK4qkmRPnZFNy4r2Ae2Y8mkmTY0kxmSjFCm/Qs3LhRx69+482/MtBVU9MCFwzn3cu89XiS4Ngh9OJmV1bX1jexmbmt7Z3cvv3/Q0mGsKGvSUISq4xHNBJesabgRrBMpRgJPsLY3vkz99j1Tmofyxkwi5gZkKLnPKTFWusVn054h8fSu1M8XUBEhhDGGKcGVMrKkVquWcBXi1LIogCUa/fx7bxDSOGDSUEG07mIUGTchynAq2CzXizWLCB2TIetaKknAtJvML57BE6sMoB8qW9LAufp9IiGB1pPAs50BMSP920vFv7xubPyqm3AZxYZJuljkxwKaEKbvwwFXjBoxsYRQxe2tkI6IItTYkHI2hK9P4f+kVSrichFfnxfqF8s4suAIHINTgEEF1MEVaIAmoECCB/AEnh3tPDovzuuiNeMsZw7BDzhvnz5ukKg=</latexit>

1/|⌧ |2

Interaction Each rare region can independently order 
<latexit sha1_base64="U8zHnO+N+8olAEO/hM7zc/3IuOY=">AAAB8nicdVBNS8NAEN3Ur1q/qh69LBbBU0hiaeut6MVjFfsBbSib7aZdusmG3YlSSn+GFw+KePXXePPfuGkrqOiDgcd7M8zMCxLBNTjOh5VbWV1b38hvFra2d3b3ivsHLS1TRVmTSiFVJyCaCR6zJnAQrJMoRqJAsHYwvsz89h1Tmsv4FiYJ8yMyjHnIKQEjdXs3fDgCopS87xdLjn1eq3jlCnZsx6m6npsRr1o+K2PXKBlKaIlGv/jeG0iaRiwGKojWXddJwJ8SBZwKNiv0Us0SQsdkyLqGxiRi2p/OT57hE6MMcCiVqRjwXP0+MSWR1pMoMJ0RgZH+7WXiX143hbDmT3mcpMBiulgUpgKDxNn/eMAVoyAmhhCquLkV0xFRhIJJqWBC+PoU/09anu1WbPe6XKpfLOPIoyN0jE6Ri6qojq5QAzURRRI9oCf0bIH1aL1Yr4vWnLWcOUQ/YL19AvMikbU=</latexit>)

<latexit sha1_base64="U8zHnO+N+8olAEO/hM7zc/3IuOY=">AAAB8nicdVBNS8NAEN3Ur1q/qh69LBbBU0hiaeut6MVjFfsBbSib7aZdusmG3YlSSn+GFw+KePXXePPfuGkrqOiDgcd7M8zMCxLBNTjOh5VbWV1b38hvFra2d3b3ivsHLS1TRVmTSiFVJyCaCR6zJnAQrJMoRqJAsHYwvsz89h1Tmsv4FiYJ8yMyjHnIKQEjdXs3fDgCopS87xdLjn1eq3jlCnZsx6m6npsRr1o+K2PXKBlKaIlGv/jeG0iaRiwGKojWXddJwJ8SBZwKNiv0Us0SQsdkyLqGxiRi2p/OT57hE6MMcCiVqRjwXP0+MSWR1pMoMJ0RgZH+7WXiX143hbDmT3mcpMBiulgUpgKDxNn/eMAVoyAmhhCquLkV0xFRhIJJqWBC+PoU/09anu1WbPe6XKpfLOPIoyN0jE6Ri6qojq5QAzURRRI9oCf0bIH1aL1Yr4vWnLWcOUQ/YL19AvMikbU=</latexit>) Cut-off of Griffiths Phase
<latexit sha1_base64="U8zHnO+N+8olAEO/hM7zc/3IuOY=">AAAB8nicdVBNS8NAEN3Ur1q/qh69LBbBU0hiaeut6MVjFfsBbSib7aZdusmG3YlSSn+GFw+KePXXePPfuGkrqOiDgcd7M8zMCxLBNTjOh5VbWV1b38hvFra2d3b3ivsHLS1TRVmTSiFVJyCaCR6zJnAQrJMoRqJAsHYwvsz89h1Tmsv4FiYJ8yMyjHnIKQEjdXs3fDgCopS87xdLjn1eq3jlCnZsx6m6npsRr1o+K2PXKBlKaIlGv/jeG0iaRiwGKojWXddJwJ8SBZwKNiv0Us0SQsdkyLqGxiRi2p/OT57hE6MMcCiVqRjwXP0+MSWR1pMoMJ0RgZH+7WXiX143hbDmT3mcpMBiulgUpgKDxNn/eMAVoyAmhhCquLkV0xFRhIJJqWBC+PoU/09anu1WbPe6XKpfLOPIoyN0jE6Ri6qojq5QAzURRRI9oCf0bIH1aL1Yr4vWnLWcOUQ/YL19AvMikbU=</latexit>) Smearing of IRFP



Interplay of long-ranged interactions

Cloaking and smearing

and disorder
<latexit sha1_base64="U8zHnO+N+8olAEO/hM7zc/3IuOY=">AAAB8nicdVBNS8NAEN3Ur1q/qh69LBbBU0hiaeut6MVjFfsBbSib7aZdusmG3YlSSn+GFw+KePXXePPfuGkrqOiDgcd7M8zMCxLBNTjOh5VbWV1b38hvFra2d3b3ivsHLS1TRVmTSiFVJyCaCR6zJnAQrJMoRqJAsHYwvsz89h1Tmsv4FiYJ8yMyjHnIKQEjdXs3fDgCopS87xdLjn1eq3jlCnZsx6m6npsRr1o+K2PXKBlKaIlGv/jeG0iaRiwGKojWXddJwJ8SBZwKNiv0Us0SQsdkyLqGxiRi2p/OT57hE6MMcCiVqRjwXP0+MSWR1pMoMJ0RgZH+7WXiX143hbDmT3mcpMBiulgUpgKDxNn/eMAVoyAmhhCquLkV0xFRhIJJqWBC+PoU/09anu1WbPe6XKpfLOPIoyN0jE6Ri6qojq5QAzURRRI9oCf0bIH1aL1Yr4vWnLWcOUQ/YL19AvMikbU=</latexit>)

Phase locked rare-regions
Each Josephson Junction undergoes transition 

by itself
<latexit sha1_base64="U8zHnO+N+8olAEO/hM7zc/3IuOY=">AAAB8nicdVBNS8NAEN3Ur1q/qh69LBbBU0hiaeut6MVjFfsBbSib7aZdusmG3YlSSn+GFw+KePXXePPfuGkrqOiDgcd7M8zMCxLBNTjOh5VbWV1b38hvFra2d3b3ivsHLS1TRVmTSiFVJyCaCR6zJnAQrJMoRqJAsHYwvsz89h1Tmsv4FiYJ8yMyjHnIKQEjdXs3fDgCopS87xdLjn1eq3jlCnZsx6m6npsRr1o+K2PXKBlKaIlGv/jeG0iaRiwGKojWXddJwJ8SBZwKNiv0Us0SQsdkyLqGxiRi2p/OT57hE6MMcCiVqRjwXP0+MSWR1pMoMJ0RgZH+7WXiX143hbDmT3mcpMBiulgUpgKDxNn/eMAVoyAmhhCquLkV0xFRhIJJqWBC+PoU/09anu1WbPe6XKpfLOPIoyN0jE6Ri6qojq5QAzURRRI9oCf0bIH1aL1Yr4vWnLWcOUQ/YL19AvMikbU=</latexit>) Smearing

Tail to the phase diagram
<latexit sha1_base64="U8zHnO+N+8olAEO/hM7zc/3IuOY=">AAAB8nicdVBNS8NAEN3Ur1q/qh69LBbBU0hiaeut6MVjFfsBbSib7aZdusmG3YlSSn+GFw+KePXXePPfuGkrqOiDgcd7M8zMCxLBNTjOh5VbWV1b38hvFra2d3b3ivsHLS1TRVmTSiFVJyCaCR6zJnAQrJMoRqJAsHYwvsz89h1Tmsv4FiYJ8yMyjHnIKQEjdXs3fDgCopS87xdLjn1eq3jlCnZsx6m6npsRr1o+K2PXKBlKaIlGv/jeG0iaRiwGKojWXddJwJ8SBZwKNiv0Us0SQsdkyLqGxiRi2p/OT57hE6MMcCiVqRjwXP0+MSWR1pMoMJ0RgZH+7WXiX143hbDmT3mcpMBiulgUpgKDxNn/eMAVoyAmhhCquLkV0xFRhIJJqWBC+PoU/09anu1WbPe6XKpfLOPIoyN0jE6Ri6qojq5QAzURRRI9oCf0bIH1aL1Yr4vWnLWcOUQ/YL19AvMikbU=</latexit>)
Each rare-region orders by itself

Strange metal due to correlated 
hopping of Cooper pairs



Open Questions and Conclusions

Griffiths phase destroyed at low enough temperatures

What is the nature of the ground-state

How generic is this mechanism

Is there an SDRG one can do to capture this phase



What we have not talked about:

Spin-resolved disorder and MIT 

Higgs localization in disordered systems
Vishnu P. K., Martin Puschmann, R. Narayanan and T. Vojta

S Kunwar, Madhuparna Karmakar, R. Narayanan (Unpublished).
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Disorder Stabilized Breached Pair Phase 
Madhuparna Karmakar, Subhojit Roy, Shantanu Mukherjee and R. Narayanan

Disorder induced Bose-Fermi cross-overs 
Madhuparna Karmakar,and R. Narayanan


