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MUSRFIT plug-in for the calculation of the temperature dependence
of 1/A2 for various gap symmetries

This memo is intended to give a short summary of the background on which the GAPINTEGRALS plug-in for
MUSRFIT [I] has been developped. The aim of this implementation is the efficient calculation of integrals of the
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where f = (1 + exp(E/kgT))™!, like they appear e.g. in the theoretical temperature dependence of 1/\? [4.
In order not to do too many unnecessary function calls during the final numerical evaluation we simplify the
integral as far as possible analytically. The derivative of f is given by
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Using (2)) and doing the substitution E'? = E? — A2(p, T), equation (1) can be written as
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Since a numerical integration should be performed and the function to be integrated is exponentially approaching
zero for B’ — oo the infinite £’ integration limit can be replaced by a cutoff energy E. which has to be chosen
big enough:
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In the case that A%(p,T) is periodic in ¢ with a period of 7/2 (valid for all gap symmetries implemented at
the moment), it is enough to limit the @-integration to one period and to multiply the result by 4:
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For the numerical integration we use algorithms of the CUBA library [2] which require to have a Riemann
integral over the unit square. Therefore, we have to scale the integrand by the upper limits of the integrations.
Note that E. and 7/2 (or in general the upper limit of the ¢ integration) are now treated as dimensionless
scaling factors.
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Implemented gap functions and function calls from MUSRFIT

At the moment the calculation of T (T') is implemented for various gap functions all using the approximate BCS
temperature dependence [3]
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with Ag as given below, and ag depends on the pairing state:

A, T) ~ A(p,0) tanh

s-wave: ag = 1 with Ag = 1.76 kg1,
d-wave: ag =4/3 with Ag = 2.14kgT,

Eq.@ replaces the previously used approximation [4]:

A(p, T) = A(p) tanh (1.82 <1.018 @ - 1>>O'm> . (8)

The GAPINTEGRALS plug-in calculates I(T) for the following A(yp):

s-wave gap:
Ap) = Ao (9)

MUSRFIT theory line: userFcn libGapIntegrals TGapSWave 1 2 [3]
(Parameters: T, (K), Ag (meV), [ag (1)], if ag is not given, ag = 1)

d-wave gap [5]:
A(p) = Ag cos (2¢) (10)

MUSRFIT theory line: userFcn 1ibGapIntegrals TGapDWave 1 2 [3]
(Parameters: T, (K), Ag (meV), [ac (1)], if ag is not given, ag = 4/3)

non-monotonic d-wave gap [6]:
A(p) = Ag [acos (2¢) + (1 — a) cos (6¢)] (11)

MUSRFIT theory line: userFcn 1ibGapIntegrals TGapNonMonDWavel 1 2 3 [4]
(Parameters: T, (K), Ag (meV), a (1), [ag (1)], if ag is not given, ag = 4/3)

non-monotonic d-wave gap [7]:
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MUSRFIT theory line: userFcn 1ibGapIntegrals TGapNonMonDWave2 1 2 3 [4]
(Parameters: T, (K), Ag (meV), a (1), a (1), [ag (1)], if ag is not given, ag = 4/3)

anisotropic s-wave gap [8]:
A(p) =Ag[l+acos(4p)],0<a<1 (13)
MUSRFIT theory line: userFcn libGapIntegrals TGapAnSWave 1 2 3 [4]
(Parameters: T, (K), Ag (meV), a (1), [ag (1)], if ag is not given, ag = 1)

It is also possible to calculate a power law temperature dependence (in the two fluid approximation n = 4) and
the dirty s-wave expression. Obviously for this no integration is needed.

A(0)? T\"
—1—- [ = 14
AT)? T, (14)
MUSRFIT theory line: userFcn 1ibGapIntegrals TGapPowerLaw 1 2
(Parameters: T, (K), n (1))

Power law return function:
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dirty s-wave [9]:
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with A(T) given by Eq.@.
MUSRFIT theory line: userFcn 1ibGapIntegrals TGapDirtySWave 1 2 [3]
(Parameters: T, (K), Ag (meV), [ag (1)], if ag is not given, ag = 1)

Currently there are two gap functions to be found in the code which are not documented here: TGapCosSqDWave
and TGapSinSqDWave. For details for these gap functions (superfluid density along the a/b-axis within the semi-
classical model assuming a cylindrical Fermi surface and a mixed dg2_,> + s symmetry of the superconducting
order parameter (effectively: d,2_,» with shifted nodes and a-b-anisotropy)) see the source code.

License

The GAPINTEGRALS library is free software; you can redistribute it and/or modify it under the terms of the
GNU General Public License as published by the Free Software Foundation [I0]; either version 2 of the License,
or (at your option) any later version.
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