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Performing an in-depth analysis of the photoemission spectra along the nodal direction of the high-
temperature superconductor Bi-2212 we developed a procedure to determine the underlying electronic struc-
ture and established a precise relation of the measured quantities to the real and imaginary parts of the
self-energy of electronic excitations. The self-consistency of the procedure with respect to the Kramers-Kronig
transformation allows us to draw conclusions on the applicability of the spectral function analysis and on the
existence of well-defined quasiparticles along the nodal direction even for the underdoped Bi-2212 in the
pseudogap state. The analysis of the real part of the self-ei@y) for an overdoped and underdoped
Bi-2212 helps to distinguish the 70 meV “kink” frolY (w) maximum and conclude about doping dependence
of the kink strength.
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I. INTRODUCTION from ARPES spectra. We show that the approach is self-
consistent within the highest experimental accuracy available
With modern angle-resolved photoemission spectrostoday. Applying the procedure to the spectra from the under-
copy*? (ARPES one gets a direct snapshot of the density ofdoped and overdoped @ib)-2212 as well as for optimally
low-energy electronic excited states in the momentumdoped BilLa)-2201, we demonstrate the validity of the qua-
energy space of two-dimension@D) solids®>-® All the in-  sjparticle concept in cuprates even in the pseudogap state.
teractions of the electrons which are responsible for the un-
usual normal and superconducting properties of cuprates are
encapsulated in such pictures, but are still hard to decipher. Il. NODAL SPECTRA ANALYSIS
One way to take into account these interactions is to consider \ye start with a brief overview of the basics of the nodal

electron?c excitfsltions as quasiparticles Whiph, compared tgpectra analysis within the self-energy approach. Measuring
the noninteracting electrons, are characterized by an addipe photoemission intensity as a function of the kinetic en-
tional complex se_lf-energ'SI.Extract!on of the self-energy ergy and in-plane momentum of outgoing electroft,, k)

from experiment is thus of great importance to check theone obtains access to the spectral function of the one electron

validity of the quasiparticle concept and understand the Na:cmoval which is supposed to reflect the quasiparticle prop-

tgre of interacnon's involved, but appears to be prOblemat'.%rties of the remaining photohole: its effective mass and life-
since the underlying band structure of the bare electrons Sme. These properties can be expressed in terms of a quasi-

a priori unknown. . . . article self-energys. =3 +i%", an analytical function the
One can evaluate the interaction parameters taking th al and imaginary parts of which are related by the KK

bare band dispersion from band structure calculatidnsy- transformation(see Sec. 1 of the AppendixNeglecting for

ever, this unavoidably increases the uncertainty of any CoNme moment the effects of the energy and momentum resolu-
clusions on the strength and nature of the interactions INGons as well as the influence of matrix elemehtne can

volved. A direct determination of the bare band structure,,, o  A(w,k), wherew is the energy of the remaining pho-
from experiment would be much more atiractive in thlsto ole with respect to the Fermi level. In turn, the spectral

sense. Previously, the bare band dispersion has been assigqﬁ ction can be formulated in terms of the self-energy
to the high binding energy part of the experimental

dispersiorf In Refs. 9 and 10 we have discussed that the 1 S (w)

bare Fermi velocity estimated from the nodal ARPES spectra Alw,k) == ;[w — (k) - 3 (@) P+ 3" (w)?’ (1)

using the Kramers-KronigkK) transformation is in reason-

able agreement with band structure calculattbf&and with ~ wheree(k) is the bare band dispersion. Within such a defi-

an analysis of the anisotropic plasmon disperdfaalthough  nition, 3"(w) <0, andX'(w) >0 for w<0.

it has been pointed out that in order to quantify interaction

parameters such as coupling stredfytr self-energiP a pre-

cise and reliable approach of bare band determination is

needed. In case there is no interaction, i.e. electronic excitations
In this paper we introduce an approach to directly extractan live forever, the spectral function is a delta function with

both the bare band dispersion and the self-energy functiorthe polew—e(k,)=0 and, e.g., for the nodal direction, can be

A. Linear dispersion
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by mainly one parameter, the high-energy cuteff This
gives us the way to solve the whole problem, examining a
wider energy range of the ARPES data.

0.0

B. Quadratic dispersion

< 0.1 One more complication should be addressed here: in the

% wider energy range a deviation of the bare dispersion from a

2 line should be taken into account. Along the nodal direction

i the TB band in the occupied part can be well approximated
0.2 1 by a simple parabola(k)=wq(1-k?/k2),° for which we still

need one energy scale parameter: the bottom of the bare band
wg or the bare Fermi velocityr=—2wy/ke. Using this dis-
persion in Eq(1), one can finally modify Eq92) and(3) to

0.38 0.40 0.42 0.44 0.46 0.48 . UE o )
Momentum (A™) X (w) = Z_kF[km(w) - kel + o, (4)

FIG. 1. (Color online) Bare band dispersiofsolid line) and
renormalized dispersiofpoints on top of the spectral weight of SMw) = - EW(w)\e"kzm(w) - WA w). (5)
interacting electrons. Though intended to be general, this sketch Ke
represents the nodal direction of an underdoped Bi-2212.

T . . C. Fitting procedure
represented by the solid line in Fig. 1. When interactions are ap

present, the self-energy leads to a shifting and broadening of In short, the fitting machinery is based on E@$), (5),

the noninteracting spectral function. The resulting picture iahd (Al). One can define three steps here. In the two first
essentially that which is measured in ARPESe blurred  Steps, the real part of the self-energy, for givep w,, andn
region in Fig. 1 illustrates thjs If one neglects the momen- (which characterizes the tails, see belpvg calculated in
tum dependence of the self-energy, then, from @g, the  two ways(i) %, by Eq. (4), (i) 2k by Eq. (5) with sub-
momentum distribution curveBMDC(k)=A(K),-cons] have — sequent KK transfornfAl). Then, in steliii), the param-
maxima atk(w) determined byw-e(k;)~-3'(w)=0 for a  €terswo, we, andn[see Eq(A11)] are varied untilX g (w)
given w. In other wordsS' (w)=w—e(k,), is that which is and 2y (w) coincide. In practice, we fit the difference
illustrated in Fig. 1 by the double-headed arrow. In the regior®disp~ >k 0 @ small contribution of experimental resolu-
where the bare dispersion can be considered as I[Mﬂma tion. The detai_IS of the procedure are given in Secs. 3 and 4
slopevg) one can write of the Appendix.

3 () = 0 — velKp(w) = kel 2) ll. RESULTS

Assuming in addition weak dependence o’ along a cut We have applied the described procedure to the experi-
perpendicular to the Fermi surfa¢see discussion in Sec. 5 mental data measured along the nodal direction for the fol-

of the Appendiy, the MDCs exhibit a Lorentzian line shgpe '0Wing samples: underdoped (Bl)-2212 (T=77 K), over-

with the half width at half maximunw and doped(T.=75 K) Bi(Ph-2212, and optimally doped Bia)-
2201 (T.=32 K), marked in the following as UD77, OD75,
S"(w) = - vEW(w). (3 and OP32, respectively. The data for UD77 and OD75 were

collected at 130 K, and for OP32 at 40 K. We have explored

Thus, the determination of both the real and imaginary; number of excitation energies in the range of 17-55 eV
parts of the self-energy requires the knowledge of the barg,t, as we show below, only at 27 eV, at which only the
dispersione(k) (or, in the vicinity toEg, an “energy scale,” antibonding band is visibl& the described procedure can be
e.g., Fermi velocityug).? The KK transformation gives an directly applied to the bilayer Bi samples. The experimental
additional equation which relates these functions! details can be found elsewhérel>
=KKX" [e.g., EQ.(A1)]. This opens the way to extract all  Figure 2 illustrates an example of the ARPES spectrum,
desired quantities from the experiment, but brings a newhotocurrent as a function of energy and momentum, taken
“problem of tails.” Under “tails” we mean the behavior of for UD77 Bi(Ph-2212 at 130 K along the nodal direction.
3"(w) for energies|w|>wy, where oy, is a “confidence  On top of it, we plot the result of the fitting procedure, the
limit,” a maximal experimental binding energy to which both pare dispersion.
theW(w) andk(w) functions can be confidently determined.  Another result of the procedure is the self-energy func-

Fortunately, as we show in Sec. 3 of the Appendix, thetions. They are shown in Fig. 3 for UD77 and in Fig. 4 for
different but reasonable tails &"(w) almost do not effect OD75 and OP32. We remind that the real part of the self-
the low-energy behavior &' (w). The influence of the high- energy is represented by two functiolig,, and 3, ob-
energy region on the coupling strend#B8) can be described tained, as it is described above, from the experimental dis-
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FIG. 2. (Color online) The bare band dispersion along the nodal !
direction of an underdoped @b)-2212 (solid parabolaon top of '
its spectral weight at 130 K measured by ARPES. M@Crenor- iy -
malized dispersion shown by solid whit@ed) line. 0.00 g e

persion by Eq.(4) and from MDC widths with subsequent
KK transform, respectively. The irreducible differenkg,
-2k and the resolution functioR’(w), to which the differ-
ence is fitted, are also shown. Consequently, the interaction g5 3 (Color online) Real and imaginary parts of the self-

pa’lrameter_s which we give below should be referred to th@nergy extracted from the experiment with the described procedure.
S gisp functions. . A complete coincidence between the corresponding parts of the
The imaginary part of the self-energy is presented byself-energy calculated from the two different experimental func-
2 hidth(@) function defined by Eq(5). In order to check the tions, the MDC dispersion and MDC width, demonstrates the full
correctness of the KK numerics, we also plot thg(w)  self-consistency of the ARPES data treated within the self-energy
function which is obtained by back KK-transfor(d2) of  approach.
Sk ().
The complete coincidence &fj, and, —R’ functions  Fermi velocityvg are determined experimentally; the energy
in the whole accessible energy range substantiates that tig the bottom of the bare bang,, the bare Fermi velocity

self-energy constructed using Eqéd) and (5) is self-  y. and the coupling strength are the results of the fitting
consistent within the experimental accuracy currently availprocedure.

able with ARPES. This self-consistency shows, in additionto  Qther fitting parameters, which characterize the high-
the applicability of the self-energy approach to superconenergy tails of"(w), are not so well defined as, and\ for
ducting cuprates, that the measured spectra belong to a single reasons we discuss in Secs. 3 and 4 of the Appendix, but
band and are free of influence of any unaccounted additiongle can state thats | =|w|/2. In case of the OD sample, the
features such as other bands, superstructurdsdependent parametersw,=0.40+0.05 eV,n=4+0.5 are better deter-
backgrounds. It has been shown receftthat although the  mined because of a higher confidence limj;=0.45 eV at

electronic dispersion along the nodal direction in the bilayekyhich one can see thal’(w) starts to saturatéSec. IV B).
Bi-2212 is not degenerated, i.e., has a finite splitting about

0.05 eV for the bare dispersion, the photoemission from the
bonding band is highly suppressed at exactly 27 eV excita-
tion energy. At other energies we do not expect that the de- The presented examples purpose to illustrate the applica-
scribed fitting procedure will work if applied directly. Figure pjlity of the self-energy approach to Bi-cuprates. We believe
4(b) demonstrates this showing the “best” fitting result thatthat the described procedure gives a powerful technique to
can be achieved fohy=38 eV. The difference between pyrify the ARPES data from artificial features and to build a
AY'(w) andR'(w) is apparent. At these “inconvenient” en- strong experimental basis for understanding of the nature of
ergies the contributions of each band should be separategdectronic interactions in cuprates, but still a big work on the
first, that complicates the analysis but can be done in prindata analysis should be performed. Nevertheless, some con-
ciple by measuring several spectra at differentor polar-  clusions can be made even on this stage.
ization (e.g., see Ref. 16

In Table | we give the values of the experimental and
calculated parameters for three investigated samples, for
which the self-energy functions are shown in Figs. @) 4 The linear behavior ob’(w) over a wide energy range
and 4c). The Fermi momentunk: and the renormalized |w|<|w, indicates, using the criterion lign,q 2" (w)/ w=0,

o (V)

IV. DISCUSSION

A. Well-defined quasiparticles
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FIG. 4. (Color online) Real and imaginary parts of the self-energy extracted from the experiment with the described procedure.

the existence of well-defined quasiparticles in the pseudogaipdependerf and do not contribute to the slope &f (w)
state: for the underdoped @)-2212 at 130 K the coher- and, therefore, to the coherence factor.

ence factorZ=0.54+0.03. The offset o&”(w) not only In Ref. 10 we have noticed that the scattering rate at room
comes from finite resolution but also finite temperature andemperature looks more linear for underdoped samples than
scattering on impuritie¥, which are mostly energy for overdoped ones that is in favor of the marginal Fermi
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TABLE |. Experimental and calculated parameters of the quasiparticle spectral function along the nodal
direction in the normal state for three investigated samples: the Fermi momé&ptand the renormalized
Fermi velocityvg are determined experimentally; the energy of the bottom of the bare bgnithe bare
Fermi velocityvg, and the coupling strength are the results of the described fitting procedure.

Sample ke (A7D vg (eV A) w (V) ve (eV A) A

Bi(Pb-2212 UD77 0.471 2.04+0.05 -0.90+£0.04 3.82+0.17 0.87+0.12
Bi(Pb-2212 OD75 0.445 2.46+0.07 -0.86+0.03 3.87+0.14 0.57+0.10
Bi(La)-2201 OP32 2.04+0.10 -0.79+£0.05 3.36+0.22 0.65+0.16

liguid model (MFL).18 It is important to stress thal'(w),

determined with better accuracy, exhibits a linear behavior

below and above the kink energy, (see Fig. 2 which is
now difficult to reconcile with the MFL model: as far as a
slope inX’(w), according to Eq(A4), is mainly determined
by the coefficient atw— w,)? term in the expansion &"(w)
aroundw,, the straight sections ob’(w) imply the regions
whereX(w) is precisely paraboli¢exhibits constant curva-

ture over some finite-energy regions
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FIG. 5. (Color online) The results of the fitting procedure for
Bi(Pb-2212 OD75: (a) real (odd curve and imaginary(even
curves parts of the self-energy(b) the experimentalsolid line)
and bare(dashed ling dispersions on top of the experimentally

measured quasiparticle spectral weight.

B. High-energy cutoff

It is interesting to note that even for the UD77 sample, for
which the saturation at”(w) has not been observed, it is not
possible to reconcile the high-energy behaviok.tfw) with

the saturation extrem@\9) [or (A10) with n=2]. This means
that |2"(w)| reaches the maximum and starts to decrease at
aboutw,, and, consequently,’(w) changes the sign at ap-
proximately the same frequen¢gee Fig. 7. For OD75 and
OP32 samples this conclusion is even more strict due to
smaller bandwidth. Fig. 5 shows the results fotFR)-2212
OD75:(a) 2'(w) andX"(w); (b) ky(w) ande(k) on top of the
experimentally measured quasiparticle spectral weight.

The fact thatw, is not equal but roughly two times less
than|wg| is consistent with presence of an essential electron-
electron scattering channel, the doping independent Auger
like decay® which originates from the electron-electron
Coulomb interaction and which mainly determines the life-
time of quasiparticles at high frequencies.

C. Doping dependence of the renormalization

Another point arises as a consequence of the tight corre-
lation betweens’ andX”. Recently we have showhthat
two different channels can be distinguished in the scattering
rate: the doping independent Auger-like decay, mentioned
above, and the doping-dependent channel, which can be
naturally associated with spin excitations. While such a de-
composition of the scattering rate into two channels seems to
be becoming commonly accept&there is still a contro-
versy about the origin of the doping-dependent one. The
present analysis shows that regardless of the nature of this
channel, its doping and temperature dependence should ap-
pear in the doping and temperature dependencE’adind,
consequently, of the renormalized dispersion, although it is
clear that the variations in the latter should be marginal.

It is really so, and, in Fig. 6, we plot together the real
parts of the self-energy for UD77 and OD75 samples at
130 K. Just from visual comparison of these data one can
conclude thaii) the renormalization for UD77 is consider-
ably higher than for OD75(ii) the energy of the maximum
of 3'(w) for the overdoped sample is lower than for the
underdoped sample, it is about two times closer to the
70 meV “kink” energy,(iii) the kink feature is well defined
in the underdoped case and becomes weaker with overdop-
ing.

Following this tendency one can expect that with over-
doping the 70 meV kink vanishes while the renormalization
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: . . _Ff..'._ FIG. 6. (Color online) The real parts of the
— ) - oo self-energy for UD77 and OD75 samples at
%, * b > 130 K: solid lines show the result of fitting these
N 0.05 : 5 . real parts to Eq.(6) in a frequency range
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I P 0%%&)0 - for OD75; looking down arrows mark.’(w)
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0.00 : R
T T T
0.0 -0.1 -0.2 -0.3
o (eV)

maximum moves to lower frequencies faking a persistencélirection even in the pseudogap state of Bi-2212.
of the kink in the whole doping range. Therefore, it is clear The demonstrated self-consistency of the procedure opens
that in order to clarify the origin of the kink feature a quan- a way to validate the photoemission spectra: the KK sieve

titative measure of it is required. can be used to verify the spectra for the absence of the band
splitting or artificial features. The preliminary analysis of the
D. Phenomenology of the kink spectra certified in such a way shows that the overall renor-

) ) L ) malization as well as kink in the nodal direction of Bi-based
Keeping the visual definition of the kink as a sharp bendg nrates s highly doping dependent, decreasing with over-
of the renormalized dlsp(?r3|on, we formalize it as a peak inygning. In the light of the present dilemma about the origin
the second derivative di'(w) and fitted it to a simple em- ¢ the main scattering boson in the cuprates, a systematic
pirical function quantitative analysis of the KK verified spectra measured at
different temperature and doping level is indispensable.
Sjow(@) == No = 7(0) ~ wy)

W — Wy
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energy range to this formula we have obtained an energy
of the kink w,=-63 meV, a kink width[half width at
qguarter maximum ofK(w)] §~30 meV, and a strength
of the kink fKdw=AN=0.65. For the overdoped sample 1. Kramers-Kronig transformation
w,=-56 meV, AA=0.45. We believe that a systematic
study of this or similar quantitaties as a function of doping
and temperature will help to find the origin of the main elec-
tronic interaction in superconducting cuprates.

K(w) =~

APPENDIX

The quasiparticle self-energy=3"+i%" in Eq. (1) is an
analytical function the real and imaginary parts of which are
related by the Kramers-KronigKK) transformatiof’

"3

1
V. CONCLUSIONS 3 (w) = ;PVJ dx, (A1)

We have demonstrated the full self-consistency of the data
obtained using angle resolved photoemission and treated w
within the self-energy approach. The extracted bare band dis- S"(w) = - lpvf
persion is in good agreement with the band structure calcu- ™ -
lations and allows one to quantify the self-energy of the elec-
tronic excitations in the real energy scale. The accuratelyhere PV denotes the Cauchy principal value. It is instruc-
determined real and imaginary parts of the self-energy provéve to express some interaction parameters via both self-
the existence of well defined quasiparticles along the nodatnergy functions. The coupling strength

20 4 (A2)

X—w
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FIG. 7. (Color online) Real (thin blue and imaginary(thick red parts of the self-energy related by Kramers-Krofkd<) transform:
3'=KKZX", for three models ob” tails.

dE') aw’+C for o] < o,
A=—|— A3 "(w)=—
( dw (A3 () {0 for |o| > w, (A7)

where w.>0 is an energy cutoff an€=-3"(0)>0 is an

can be expressed in terms ®f differentiating the KK rela- offset, Eq.(A5) gives

tion (Al):
N 2( c) 2 (A8)
” " = |\aweT | F T aw
=o)Ly, fﬂx)z(w)x aa) ARV
(x= w) for C< w.. Using another ultimate model f&” tails,
Here we use the fact that adding some constai®(x) in S(w) = - aw’+C for |o| < o, (A9)
Eg. (Al) does not change the result. Then, for an even w2+ C for || > w,

"(w), Eq. (A4) leads to . . . : .
(@), Bq. (A4) which approximates the saturation of scattering rate at high

, , frequencies, one obtains=4aw,./ 7, twice of Eq.(A8). In
PVJ Y'(w) - % (0) (A5) the following sections we show how we solve this problem.
i 0 o 3. Calculation of X
In order to perform a KK transform, high-energy tails
2. Problem of tails should be attached ®"(w) derived from Eq(5). Equations

_ _ ) (A7) and(A9) represent two extremes which can be enclosed
In order to illustrate the problem, we rewrite H&5) in iy a simple analytical expression

an operator formv=-DX" and express the parameters of the

bare dispersion and renormalization via the experimental val- S (@)= - aw?+C (AL0)
ues ofvg=(dk,/dw),L, and DW: e.g.,v*=vg'~DW, or A mo w|"
=1/Z-1, where 1+ .
C
Z=1-vDW (A6) as the ultimate cases with— o andn=2, respectively. For

given n and w., we construc”(w) function in a wide fre-

. . quency rangegup to |wg| or highey assuming the particle-
is the coherence factgb<Z<1). In case the MDC width hole symmetry

W(w) decays to zero or saturates on the scale covered by
experiment, as it is expected for the scattering by phoibns, , Svign(lo])  for o] < on,
the DW value can be easily defined, and all the mentioned Y (w) = 3P {w) for o] > w

. . mo m»
parameters can be derived from experimental valug@nd
W(w) function. In cuprates, howeve(w), along the nodal Wwhere oy, is a “confidence limit,” a maximal experimental
direction, does not decrease or even saturate in the wholinding energy to which both thé/(w) andk,(w) functions
experimentally accessible energy regiop to w,,=0.5 e\).  can be confidently determined,, ,(w) is calculated from

Equation(A5) can give a certain feeling how the high- Eqgs.(5) for givenwg, andX; () is fitted to% (@) in the

energy tails of the scattering rai¥(w) for |w|> w, influ-  confidence range in order to defineandC. Then,3 (o) is
encesh. For example, for a simple case obtained fromX"(w) by KK transform(A1l).

(A11)
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FIG. 8. (Color online) lllustration of the fitting procedure: real parts of the self-eneigj,)gp(w) (filled squarey obtained by(4) and
Sk (w) (open circlesby Egs.(5) and(Al); the differencedX’ (w) =gy (w) —Z g w) (small crossesis fitted toR’ (w) (corresponding solid
line), the contribution of overall resolution determined by E@sl2) and(A13). In the first three paneley=-0.9 but differenn=3, 4, and
6 in Eq. (A10) are compensated by different.=0.34, 0.45, and 0.52 eV, respectively. The last two panels, the “best” fitting results for
slightly differentwg’s.
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FIG. 9. (Color online) Possible particle-hole
asymmetry effect oix”(w) (red/thick lines and
—_————————= 3'(w) (blue/thin lines: low-energy(dashed lines,
w:.=0.1 eV) and high-energysolid lines, by Eq.

/—_—_ (A14)] contributions shown on the top of the

symmetric self-energyshaded areas

¥, -3 (eV)

-0.1

1.0 0.5 0.0 -0.5 -1.0
® (eV)

Figure 7 shows the pairs &”(w) andX'(w) functions  cedure gives largeR values to accommodate the difference
obtained in such a way for the samag but for three different  in slopes but this does not affect the fact that the irreducible
models: Eqs(A7), (A9), and(A10) with n=4 (dashed, dot- difference betweerkyy(w) and X4 (w) is caused by the
ted, and solid lines, respectivel\Since KKC=0, in order to  experimental resolution, and depends on frequency as is
simplify numerical calculation, the offset &(w) curves is  shown in Fig. 8: it vanishes at zero and high frequencies
set toX"(wg)=0. The experimental data are taken for UD77 having a maximum around 0.1 eV.
sample. Thus, we can visualize the fitting procedure as fitting the
differenceAY’(w) to R'(w) function. The procedure has ap-
peared to be robust with respect to thg determination.
Figure 8 illustrates this. First three panels show that for a

In step (i), as we mentioned above, the differencecorrect value ofwy,=-0.9 eV there is space for other param-
AY (@) =3y (@)~ 2 s @) should be fitted not to zero but to  eters to vary: different tails can be compensated by different
some small but detectable contribution of the overall resolu«c's, €.9., forn=3, 4, and 6 in Eq(A10), w.=0.34, 0.45, and
tion R’ (w). This difference can be easily understood by rea0.52 eV, respectively. On the other hand, at slightly different
soning that finite energy and angular resolutions mainly efwo's (@bout 10% lower and higher, see two right papels
fect the MDC’s width rather than its peak position and thatA%'(w) cannot be fitted taR’(w) in the whole frequency
its contribution is frequency dependent. In order to illustraterange.
this we can take into account the overall resolutiBn,as

wigth(@=V2"(0)?+R2. Then one can consider its 5. Model assumptions
frequency-dependent contribution to the imaginary part of
>(w) as the difference betweexf),(w) and real%”(w):

4. Resolution function

Finally, we discuss two assumptions which have been
made about the model self-energi:independence and
R'(w) = VR?+ 3" ()2 - 3" (w), (A12)  Pparticle-hole symmetry. It has been mentioned above that the
symmetric Lorentzian line shape of the MDC'’s taken along
and, due to additivity of the KK transfornk, =KKZ{i,  the nodal direction was considered as an experimental evi-
=KKX"+KKR'=24,+R’, constructo-dependent contribu-  dence that the quasiparticle self-energy hardly depends on
tion to 3y as momentun® Recently, however, it has been noticed that the
b ’ necessary condition for the Lorentzian line shape is
R'(w) =KKR'(w). (A13) 32"(k,w)/ k=0, but é%'/osk can be an w-independent
Although, in principle, the resolution effe® (w) can be  constan£? This is especially interesting because the authors
explicitely calculated from known energy and momentumof Ref. 22 have shown that such a lindedependence at’
resolutions, here we derive it empirically usiRyas a pa- can explain a nontrivial doping-dependent high-energy dis-
rameter. It is seen from Fig. 7 that different tails do not affectpersion observed for a variety of cuprafés.
the energy regiofw| <0.25 eV, so, an irreducible difference  As long as'(k,w)=3;(k)+3/(w) and d%"/ok=0, k
in the slopes(see Fig. 8 A:dE,QK(w)/dw—dE(’jisp(w)/dw dependence dt’ does not affect any result of the presented
>0 in the low-energy rangéw|<0.07 eV (while A=0 at analysis except the bare dispersion. In this case, the real
higher energies 0.1 e¥|w|<0.2 V) is a measure dk’(w).  bare dispersion is juse™(k)=g(k)-3.(k) or vFE¥=ve
In Fig. 8 we plotR’(w) setting the offset o2 (w) to zero —(&E’/ﬁk)k:kp. Although our preliminary results, being in
that gives the value oR=0.015 eV. For2”(0) <0 the pro- agreement with band structure calculatirend experimen-
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tal plasmon dispersiot?,do not support strong dependence (w<0). Figure 9 illustrates this: the dashed curves, on top of
of Z', it will be interesting to examine its possible contribu- the symmetric self-energy shown by shaded areas, represent
tion in a wide doping range and for different compounds. g low-energy asymmetric contribution which is too big not to

A possible particle-hole asymmetry is another complica-he noticed inS"(w) (for || <50 meV) but too small to in-
tion which can effect the results of the presented analysis. Iyences’(w<0).
general, one can expect an asymmetry of the self-energy due 1o glid curves in Fig. 9 present the case of high-energy

to an asymmetric electron-boson interaction or as a Simplﬁsymmetry that can steam from the asymmetry of the bare

consequence of asymmetric density of states. Without Corys 19 \ve ‘simulate it by an asymmetry part in the scattering
sidering the origin of the asymmetry, we examine its possible

influence based on the energy scale where it can appeatr. Itrig"te
well known that because of the possibility to perform
ARPES at finite temperature one can get the information
about quasiparticle spectral weight not only below the
chemical potential but also from some region ab&vEor
T=300 K the MDC width can be measured up to 50 meV
aboveEg, and, within the experimental uncertainty, it has
appeared to be completely symmetfiécg., see Ref. 15This ~ WhereX[ , is determined by Eq(A10) with ».=0.45 eV,
means that if there is some asymmetry in the scattering ratec;=0.66 eV,n=4, C=0. It is seen that although the influ-
at low-energy scalé~0.1 eV, a characteristic scale which ence of%/(w) on renormalization at -0.5 e¥w<0 eV is

can originate from an electron-boson interaction or from theather small(can be approximated at this stage by a linear
van Hove singularity in the occupied density of states of thecontribution with a slope of about 20% af) it can be, in
hole-doped cupratgsits magnitude is too small to be seen in principle, detected by more precise analysis, in which the
the |w| <50 meV energy range and, consequently, hardly efinfluence of the energy and angular resolutions is taken into
fects the quasiparticle renormalization in the occupied regiomccount explicitly.

2:‘:10(1(“)’ wCZ) - 2’:‘Ir'lod(u)! wc) , > 0,

Ea‘(“’):{o, 0<0,

(A14)
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