Blog corresponding to the discussion on tuning parameter for mass enhancement in pnictides, cuprates and heavy fermion compounds, 29th  October 

Doug Scalapino: x as doping parameter in cuprates
He is going to  talk about a paper by Ramshaw et al,  arXiv:1409.3990
- First picture: He first talks about an earlier paper by the same group in which they study YBCO as a function of the magnetic field  high-field.  At  15T, there seems to be two special doping points. It is as there would be two domes one around  0.09 and another around 0.16.  Around these two points superconductivity seems to be specially robust. 
- Second picture: In the new paper they measure 1/mass. They plot their results together with those by Sebastian, which are in a different doping range. They observe that in a given doping range 1/mass decreases with increasing doping. They extrapolate 1/m to the doping at which it would be zero   and it seems to coincide with the doping at which the superconductivity is specially robust (0.16). If they extrapolate 1/m to zero from Sebastian results it seems that they go to zero at the other special point with robust superconductivity 0.09.  
In between these two points there is a maximum in 1/mass,  which decreases  when approaching  these two points where the superconductivity is specially robust.  This suggests a quantum critical point scenario. 
Doug discusses how the mass is measured from resistivity. He emphasizes the large value of the field. T hese are the  first measurement able to probe the system in a doping range which approaches the second quantum criticalpoint.
Third picture:  Diagram: AF at low doping, then spin glass up to about 0.09. Line for SC,  with comparison of the dopings at which the mass is measured, the range of temperature at which Kapitulnik measures the  Kerr effect,  values of temperatures with short charge order, which peaks around 0.12. There is a peak also for the specific heat, a jump at Tc, again it seems that there is something  happening around 0.16-0.17, around the same doping value at which there is the peak in the two domes figure.
Catherine Pepin asks whether a Van Hove singularity could  explain the results around 0.20. Doug Scalapino notes that  the van Hove effects go away in strong coupling calculations. 
Also, as one crosses this particular points itseems that the charge order goesaway. The experimental group also measures the area of the electron pocket. It changes with doping, but not much. So they claim that the change in the pocket size cannot explain their results, which they interpret within a quantum critical scenario.   
Sri Raghu believes that the van Hove would be at higher p, but Doug and Catherine ,seem to believe that  it is around 0.18 .
Meigan Aronson points that in the experimental measurements it is observed that , the frequency of the oscillations does not change much, so this tells that the size of the pockets does not change much.  This is in agreement with the argument of  the experimental group. It is because of that they  focus on the mass and believe on the existence of a  quantum critical point  
Question on whether there are measurements in overdoped compounds.   Max Melitski thinks that quantum oscillations have been observed in  some overdoped sample of the mercury or tallium compounds.  Note that there are similar measurements in iron materials and heavy fermions in which higher Tc has been identified with a QCP.  
Doug emphasizes Kapitulnik’ s results because they die at the point with largest Tc, he refers to several works including Melitski-Sachdev and Kivelson’s ones.
In the first special point 0.09 it seems that the order which “dies” is AF (glassy)
The authors of the paper point to two different possibilities to explain their results: (i) the fluctuations increase the Tc, or (ii) the enhancement of the density of states due to the mass enhancement makes that the Tc increases as expected in BCS. Nevidomski says that if he considers  McMillan formula he does not see that m* enhances Tc,  but Doug clarifies that does. Catherine asks which could be the competing order, but Scalapino wants to focus in the experimental results.   Sri points that if m* increases too much it killstheQP
Before starting his presentations Abrahams discusses a bit how quantum oscillations measurements are interpreted.  Amplitude= X/sinhX  with X=T/frec*   with frec* the cyclotron freq.  This is how this has been fitted.  But there is the Dingle factor: exp(-1/frec*tau). He says that if tau depends on the temperature as a power law, then the results obtained neglecting it are completely misleading.  Doug, he discusses that the way in which the data is analyzed includes collapsing the data, functional form seems good, so it seems that the effect pointed by Elihu it is probably not so important.  
Elihu Abrahams blackboard presentation on P-doped Ba122. 
The motivation to look at the system is that P is smaller than As, it is like applying pressure. U/t would decrease as one moves further away from Mott physics, then if AF is related to Mott physics, then one expects to kill AF. The suggestion is that there would be a QCP and then one expects anomalous behaviors. 
The mass enhancement  has been measured in different ways
1) de Haas van Alphen 
2) Delta C  jump on the specific heat. Gamma is proportional to the mass
3) resistivity, rho=ro_o +AT^2 with A proportional to m* ^2
All the three experiments are consistent . The mass seems to diverge as x=x_c=0.33 in a logarithmic way, as expected, what suggests that there is in fact a QCP. Moreover close to x_c the resistivity seems to be linear in temperature.  Elihu has focused on x>x_c. Peter Hirschfeld says that at the other side of x_c there are no quantum oscillations experiments but there are specific heat measurements and they are also consistent with the existence of a QCP. 
Experimentally it is believed that the disorder is not having a big effect. 
I (Leni) asks whether there are similar measurements with Ru-substitution. Peter says that there is no good evidence of QCP with Ru-substitution. 
Laura Fanfarillo points that data should be analyzed including vertex corrections, so one should be cautious with the results.
Somebody mention Wilson ratio and Knight shift. Knight shift probably increases with increasing specific heat. Elihu does not know data for Wilson ration. 
Doug Scalapino mentions that in the experimental paper there are also data for the penetration length  which suggest the same physics, but that this is more difficult to understand from the theoretical point of view. Qimiao Si comments that there seem to be no neutron data in the region of interest.   

Leni Bascones  (blogging myself)
        I called the attention to the electron-hole asymmetry in the  doping dependence of the mass enhancement.  The mass enhancement  is of order 3 in BaFe2As2 (so-called undoped with 6 electrons in 5 orbitals). If the system is highly doped with electrons, substituting all Fe atoms by Co ones, BaCo2As2  (7 electrons in 5 orbitals) the mass enhancement is reduced to 1.25.  This has been measured by ARPES. If on the contrary the system is doped with holes as in KFe2As2, CsFe2As2 or RbFe2As2 (5.5 electrons/6 orbitals) the mass enhancement increases, being even 10 or higher for some orbitals, the orbital dependence of the mass enhancement becomes clearly important in these cases. There are specific heat, quantum oscillations, susceptibility and ARPEs measurements in KFe2As2 and at least susceptibility and specific heat measurements in the other compounds. Moreover BaMn2As2 with 5 electrons/5 orbitals (half-filling) is an antiferromagnetic insulator. I emphasize that this behavior observed experimentally is also expected theoretically, because the system is approaching a half-filled Mott insulator with hole-doping and going away from it with electron doping. 
       The need of a “chemical” tuning parameter which differentiatesKFe2As2 from CsFe2As2  or RbFe2As2,  chalcogenides from pnictides, phosphides from arsenides …  appears also in the discussion. 
        Meigan Aronson points that with pressure the AF and charge gap close in a two-step process, but that in none of these two transitions a change in the mass enhancement is observed, what could be due to Mn valence being not just 2+ but also 3+.
       Andrey Nevidomski asks whether this version isincompatible with the one presented by Doug Scalapino and I clarify that it is not. The Quantum Critical Scenario can happen on top of the mass enhancement due to the proximity to a half-filled Mott  insulator.   

      

[bookmark: _GoBack]Short presentation by Laura Fanfarillo  (arXiv:1410.8488)
Laura will focus on the nematic phase of pnictides.  She reminds us the phase diagram of iron pnictides. AF magnetic transition , structural transition and the experimental anisotropy along X and Y axis in the electronic properties of the system. The issue is who is the driver of the transition: lattice, orbital or spin fluctuation.  It is believed that it is not the lattice because the effect on the latticeparameters is small. She then believes that the origin is electronic.
She reminds us the popular Spin nematic model (Fernandes et al ). This theory starts from a simple model which only includes the spin degrees of freedom : hole & electron pockets and spin interactions between the spins  in different pockets. The hypothesis is that in the nematic state the magnetizations are zero but the fluctuations are not. The problem is then to obtain information on the orbitals. 
She derives a phenomenological Hamiltonian starting from the multiorbital Hamiltonian. One can then obtain an effective action with the information of the orbital content. She and her colleagues have obtained: 
· 1) The Effective action which includes a term quadratic in the magnetization and a term which is quartic. One can then define the nematic order parameter and the nematic coupling. 
· 2) Result: Without the orbital degree of freedom elliptical pockets are needed to obtain nematicity, otherwise the nematic coupling vanishes. In her calculations which include the orbital degree of freedom there is  no need of ellipticity. This is due to the anisotropic  orbital dependent weights which enter into the quartic term of the action.
·  3) Now they focus on the nematic phase and look at the magnetic susceptibility. One starts by a degenerate coupling . Different magnetic susceptibility for different orbitals. There is a kind of orbital order in the spin sector. The orbital order is generated only due to the spin, it isnot generated in the charge cannel. This is a robust mechanism, which does not depend on the pocket shape or on the presence of disorder.   The anisotropic character of the susceptibility in the nematic  phase is associated to the orbital content. This is different to the spin-only model which requires elliptic pockets to produce an anisotropic susceptibility.  
· Peter asks whether this depends on the off diagonal elements in the tensor g. Laura explains how this is related to vorticity. He says that with a diagonal g, one would recover Fernandes model .The new terms in the g are essential for the mechanism for nematicity and anisotropy to be robust.
· Lee asks whether one can have only spin or orbital order.     

José Rodriguez
José presents some calculations on a two orbital model. He considers the Raghu model at t-J level, i.e. infinite U. He tunes the Hund’s rule to be in a quantum critical point and considers a large U. He first considers one hole in a 4x4 lattice and calculates the spectrum. He interpretes the features that he obtains as emergent nesting. 
He then considers 2 holes. He looks at the spectrum with exact diagonalization. There are some states that could be related to a Leggett mode, what would suggest the presence of superconductivity and an internal Josephson effect.  To study this behavior he proposes a wavefunction and obtains the Josephson dynamics. 
