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Abstract We consider magnetic mechanism of supercon-
ducting pairing in the effective low energy t − t ′ − t ′′ − J ∗
model with all parameters calculated ab initio. Interaction of
strongly correlated electrons with different phonon modes
is also incorporated. In a BCS type theory, the dx2−y2 gap
is given by a sum of magnetic and phonon contributions.
The main contribution to the only fitting parameter G is
determined by a competition of the breathing and buckling
modes. Fitting the parameter G from the isotope effect, we
obtain that magnetic and phonon contributions to the critical
temperature Tc work together and are of the same order of
magnitude.

Keywords High-Tc superconductivity · Strong correlated
electron systems · Mechanisms of superconducting pairing

1 Introduction

A microscopic approach based on the conventional ab ini-
tio local density approximation (LDA) is not valid in the
underdoped region of the cuprate phase diagram due to the
strong electron correlations (SEC) effects [1, 2]. In general,
the problem of strong electron correlations is not solved.
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The multielectron generalized tight-binding (GTB)
method has been proposed [3] which describes electrons as
the quasiparticle excitations between the local multielectron
configurations with the interatomic hopping resulting in the
dispersion and the band structure. The hybrid LDA+GTB
method [4] takes the advantages of both ab initio single elec-
tron and multielectron approaches. The low energy effective
Hamiltonian generated by the quasiparticle electronic struc-
ture is given by the t − t ′ − t ′′ − J ∗ model (here, star means
that the three-site correlated hopping ∼ J is included) with
all parameters calculated ab initio [4].

A self-consistent consideration of the electronic structure
and spin correlation functions within the t − t ′ − t ′′ − J ∗
model with parameters of La2−xSrxCuO4 results in the dop-
ing evolution of the hole Fermi surface from small pockets
around (π/2,π/2) at x < xcr to large hole surface around
(π,π) at x > xcr with quantum phase transition [5] at xcr ≈
0.15. In this paper, we extend this approach to the super-
conducting phase taking into account both magnetic pair-
ing within the t − t ′ − t ′′ − J ∗ model and electron-phonon
interaction (EPI). In spite of the large number of different
phonon modes, only a few of them have large EPI includ-
ing the apical oxygen breathing mode (apical oxygen dis-
placement perpendicular the CuO2 plane which modifies
the Madelung energy), the in-plane oxygen breathing/half-
breathing mode, and the buckling mode with in-plane oxy-
gen ions moving perpendicular to the CuO2 plane [6, 7].
Recent ab initio study of the electronic structure and EPI in
La2−xSrxCuO4 has also proved that these three modes con-
tribution to the hole self-energy is more than 80% of the total
self-energy [8].

The multiband pd-model at low energies is reduced
to the effective Hubbard model with two Hubbard sub-
bands. The lower and upper Hubbard bands (LHB and
UHB) are the bands of the Hubbard fermions created by
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the X-operators X0σ
f and X

−σ,2
f at the site f , correspond-

ingly, X
pq
f = |p〉〈q|. Here, |0〉, |σ = ±1/2〉 and |2〉 are the

multielectron eigenstates of the CuO6 unit cell that includes
CuO4 in-plane atoms and 2 apical oxygens. The correspond-
ing configurations are d10p6 with number of holes nh = 0,
d9p6 + d10p5 with nh = 1, and d8p6 + d9p5 + d10p4 with
nh = 2. In the hole language, the electrons in the valence
band correspond to the holes in the UHB. The amplitudes of
interatomic hopping in the LHB and UHB are t00

fg and t11
fg ,

while the interband hopping is given by t01
fg , f �= g. When

we eliminate the LHB and interband excitations through the
charge transfer gap Ueff by the standard unitary transforma-
tion, the effective Hamiltonian for holes in the UHB is given
by [9, 10] Ht−J ∗ = Ht−J + H(3) with

Ht−J =
∑

f σ

(
(ε − μ)Xσσ

f + 2(ε − μ)X22
f

)

+
∑

fgσ

t11
fgX

2,−σ
f X−σ,2

g

+
∑

fg

Jfg

(
	Sf · 	Sg − 1

4
nf ng

)
,

H(3) =
∑

f mgσ

t01
f mt01

mg

Ueff

(
X

2,σ̄
f Xσ,σ

m Xσ̄,2
g − X

2,σ
f Xσ,σ̄

m Xσ̄,2
g

)
.

Here, Jfg = (t01
fg)

2/Ueff is the super exchange interaction.

Distance dependent hopping parameters t11
fg have been cal-

culated up to 6th neighbors and it was revealed that contri-
butions of the fourth and more distant neighbors are negli-
gibly small [4]. This is the microscopic justification of the
t − t ′ − t ′′ − J ∗ model with 3 hopping parameter t11

fg (t =
0.932, t ′ = −0.120, t ′′ = 0.152, J = 0.298, J ′ = 0.003,
J ′′ = 0.007); all parameters are in eV. Due to stronger sup-
pression of the t01

fg with distance the second and third neigh-
bor exchange, parameters J ′ and J ′′ are negligibly small.
The last term H(3) corresponds to the three-site correlated
hopping that has the same order as the exchange term J and
has to be included in the theory of superconductivity [11].

In the strong electron correlation regime, the EPI is the
interaction of phonon (with wave vector q, frequency ωqν ,
and mode ν) and Hubbard fermions [12] with wave vector k.
The effective total Hamiltonian is given by Heff = Ht−J ∗ +
Hel-ph-el, where Fröhlich interaction

Hel-ph-el =
∑

kk′q

∑

σσ ′
Vkk′qX

2,σ̄
k+qX

2,σ̄ ′
k′−qX

σ̄ ′,2
k′ X

σ̄,2
k

contains two Hubbard fermion creation X2σ̄
k and annihila-

tion Xσ̄2
k operators. The effective interaction neglecting re-

tardation effects is given by

Vkk′q = −
∑

v

gv(k,q)gv(k′, − q)/ωq,v.

For anisotropic dx2−y2 -gap, the wave vector dependence
of the EPI matrix elements is crucial. Maximal EPI for
the breathing/half-breathing mode at large q ∼ π/a results
in depairing effect of this mode, while the buckling mode
with maximum of interaction at q = 0 supports the dx2−y2

pairing. This conclusion has been obtained by different ap-
proaches [6, 13, 14] and results from a simple physics: large
q EPI changes the phase of the dx2−y2 -gap on the Fermi sur-
face while small q EPI does not change the phase.

It should be emphasized that mean-field theory in the
X-operator methods differs from standard mean field treat-
ment of the Coulomb interaction like Un1n2 → Un1〈n2〉,
where ni is a number of particles in i state. For the su-
perconducting state, the mean field theory has been devel-
oped in the X-operator representation that is reliable in the
strong correlation regime [15]. Double occupation is prohib-
ited in this approach by the local constraint formulated in
the X-operator representation similar to the local constraint
in the slave boson approach. Contrary to the slave boson
mean field theory where the local constraint is violated, in
our mean field theory the X-operator algebra provides the
local constraint in all stages of calculations.

2 Isotope Effect

In the BCS-type approach to superconductivity, a spin
singlet pairing of the Hubbard fermions is given by the
anomalous average [15] Bq = 〈Xσ,2

−qX
σ̄,2
q 〉. For the dx2−y2 -

pairing, the gap equation reads [13]

Δk = 2ϕk

N

∑

q

λtot(q)
2Δqϕq

ξq − μ
tanh

(
ξq − μ

2τ

)
(1)

where τ = kBT , kB is Boltzmann constant, and T is temper-
ature, ϕq = (cosqxa − cosqya)/2 is the angle-dependent
part of the gap Δq = Δ0ϕq. The θ -function as usual means
that phonon pairing occurs in a narrow energy window of the
width ωD near the Fermi energy. The superconducting state
dispersion of the BCS-type ξq takes into account the spin
correlation function cq, and three-site interaction; the chem-
ical potential μ is calculated self-consistently for the carrier
concentration x in La2−xSrxCuO4. Without phonon contri-
bution, the similar gap equation was obtained by the diagram
technique [16] for Hubbard operators. Previously, the same
equation was obtained in the RVB theory [17]. The phonon
coupling parameter is given by λph = f (x)G, where dimen-
sionless function f (x) is f (x) = (1+x)(3 + x)/8−3c01/4,
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Fig. 1 The critical temperature
(a) and the doping dependence
of the oxygen isotope exponent
(b) for the effective EPI
parameter G/J indicated near
the curves

and the parameter G is determined by the bare EPI matrix
elements G = (g2

buck/ωbuck − g2
breath/ωbreath) [13].

The concentration dependence of both magnetic and
phonon couplings stems from the unusual statistics of the
Hubbard fermions. Contrary to the free electron band with
two electrons per atom, the Hubbard subbands have the odd
number of states which depend on concentration via to-
tal number of holes nh = 1 + x and the nearest neighbor
spin correlation function c01. Due to the antiferromagnetic
type of correlation, c01 is negative and its contribution to
λph is positive. The appearance of the spin correlation func-
tion in the phonon coupling means some interference of the
magnetic and phonon mechanisms of pairing. This function
c01 = 2〈Sz

0S
z
1〉 = 〈S+

0 S−
1 〉 characterizes the spin liquid prop-

erties of the underdoped cuprate and is concentration depen-
dent [5].

All parameters in the gap equation (1) but G have been
obtained within ab initio LDA+GTB approach. The preci-
sion of modern calculations of the EPI matrix elements for
strongly correlated electrons seems to be not enough. Thus,
in this paper, we consider the parameter G as the only fit-
ting parameter. To find the value of G, we calculate Tc us-
ing (1) and then the isotope effect exponent determining as
αO = − d ln(Tc)

d ln(MO)
(Fig. 1).

We have found that the positive (negative) sign of G

results in positive (negative) sign of the exponent αO .
The value G/J = 1 provides αO = 0.11 close to the
La2−xSrxCuO4 experimental data at the optimal doping
[18, 19]. The increase of the isotope exponent away from the
optimal doping is obtained. Tc(x) dependence reproduces
the general structure of the superconducting dome well with
the optimal doping at x = 0.15 and disappearance of su-
perconductivity in the underdoped region below x = 0.05.
The absolute value of Tc is too large and this is the general
drawback of the mean field theory. We have obtained that
with positive parameter G magnetic and phonon contribu-
tions to pairing work together and are of the same order of
magnitude. Then we would like to discuss the effect of the
strong EPI with apical oxygen breathing mode. This inter-
action is poorly screened. The direct experimental proof of

its importance is demonstrated by the colossal lattice expan-
sion along c-axis in La2CuO4+δ under femtosecond intense
light pulses [20]. Nevertheless, in our theory, this large EPI
does not contribute to the superconducting d-pairing due to
the orthogonality of the in-plane electron momentum and
c-axis phonon wave number for the apical oxygen breathing
mode [13]. The site selective isotope substitution confirms
the absence of the isotope effect when the isotope is in the
apical oxygen position [21, 22]. Previously, the absence of
the apical oxygen breathing mode contribution to the dx2−y2

pairing has been obtained in the paper [6].
We have restricted ourselves to the tetragonal lattice with

pure dx2−y2 pairing symmetry. Due to orthorhombic distor-
tion, the mixed (s + dx2−y2) symmetry is possible. Several
experiments indicate substantial amount of s-wave gap in
YBCO [23, 24] and Bi2212 [25, 26]. It is very likely that
the strong experimentally observed Cu and O isotope ef-
fects are indicative of very strong EPI. Taking into account
that the spin-polaron bandwidth W ∼ J , we find for our
EPI parameter G = W that results in the dimensionless EPI
coupling constant λ ≈ 1. The additional s-wave pairing will
probably increase the isotope effect exponent in the under-
doped orthorhombic region.

Summarizing our discussion, we want to emphasize that
both magnetic and phonon mechanisms of dx2−y2 -pairing
should be considered in realistic theory of superconductiv-
ity in cuprates. Many authors have previously discussed sep-
arately the magnetic mechanisms of pairing generated by
strong electron correlations or phonon pairing which ex-
plains the isotope effect. Here, we have shown that both
mechanisms may work together increasing each other. Our
theory is almost parameter-free. All parameters of the elec-
tronic structure and the magnetic mechanisms of pairing
have been calculated within the ab initio LDA+GTB ap-
proach. The only parameter entering our theory is the com-
bination of bare electron-phonon matrix elements G. Its sign
G > 0 is required to have the positive oxygen isotope expo-
nent α, its value can be fitted to get the proper concentra-
tion dependence of α(x). The ab initio calculation of the
electron-phonon matrix elements in the regime of strong
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electron correlations still remains the important unsolved
problem.

Acknowledgements This work is supported by the Presidium RAS
program N 7 “Quantum physics of condensed matter,” the integration
project SORAN-UrORAN N 40, and the RFFI Grant 09-02-00127.

References

1. Leung, T.C., Wang, X.W., Harmon, B.N.: Phys. Rev. B 37, 384
(1988)

2. Pickett, W.E.: Rev. Mod. Phys. 61, 433 (1989)
3. Ovchinnikov, S.G., Sandalov, I.S.: Physica C 161, 607 (1989)
4. Korshunov, M.M., Gavrichkov, V.A., Ovchinnikov, S.G.,

Nekrasov, I.A., Pchelkina, Z.V., Anisimov, V.I.: Phys. Rev. B 72,
165104 (2005)

5. Korshunov, M.M., Ovchinnikov, S.G.: Eur. J. Phys. A 57, 271
(2007)

6. Bulut, N., Scalapino, D.J.: Phys. Rev. B 54, 14971 (1996)
7. Nunner, T.S., Schmalian, J., Bennemann, K.H.: Phys. Rev. B 59,

8859 (1999)
8. Giustino, F., Cohen, M.L., Louie, S.G.: Nature 452, 975 (2008)
9. Bulaevskii, L., Nagaev, E., Khomskii, D.: J. Exp. Theor. Phys. 27,

836 (1968)
10. Chao, K.A., Spalek, J., Oles, A.M.: J. Phys. C 10, L271 (1977)

11. Val’kov, V.V., Val’kova, T.A., Dzebisashvili, D.M., Ovchinnikov,
S.G.: JETP Lett. 75, 378 (2002)

12. Ovchinnikov, S.G., Shneider, E.I.: J. Exp. Theor. Phys. 101, 844
(2005)

13. Shneyder, E.I., Ovchinnikov, S.G.: JETP Lett. 83, 394 (2006)
14. Honerkamp, C., Fu, H.C., Lee, D.-H.: Phys. Rev. B 75, 014503

(2007)
15. Plakida, N.M., Oudovenko, V.S.: Phys. Rev. B 59, 11949 (1999)
16. Izuymov, Yu.A., Letfullov, B.M.: J. Phys., Condens. Matter. 3,

5373 (1991)
17. Anderson, P.W.: Science 235, 1196 (1987)
18. Crawford, M.K., Farneth, W.E., McCarronn, E.M., Harlow, R.L.,

Moudden, A.H.: Science 250, 1390 (1990)
19. Franck, J.P., Harker, S., Brewer, J.H.: Phys. Rev. Lett. 71, 283

(1993)
20. Gedik, N., Yang, D.-S., Logvenov, G., Bozovic, I., Zewail, A.H.:

Science 316, 425 (2007)
21. Khasanov, R., et al.: Phys. Rev. B 68, 220506(R) (2003)
22. Bishop, A.R., et al.: J. Supercond. Nov. Magn. 20, 393 (2007)
23. Sun, A.G., Gajewski, D.A., Maple, M.B., Dynes, R.C.: Phys. Rev.

Lett. 72, 2267 (1994)
24. Kleiner, R., Katz, A.S., Sun, A.G., Summer, R., Gajewski, D.A.,

Han, S.H., Woods, S.I., Dantsker, E., Chen, B., Char, K., Maple,
M.B., Dynes, R.C., Clarke, J.: Phys. Rev. Lett. 76, 2161 (1996)

25. Li, Q., Tsay, Y.N., Suenaga, M., Klemm, R.A., Gu, G.D.,
Koshizuka, N.: Phys. Rev. Lett. 83, 4160 (1999)

26. Klemm, R.A.: Philos. Mag. 85, 801 (2005)


	The Interplay of Phonon and Magnetic Mechanism of Pairing in Strongly Correlated Electron System of High-Tc Cuprates
	Abstract
	Introduction
	Isotope Effect
	Acknowledgements
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


