PHYSICAL REVIEW B, VOLUME 64, 115102
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We present a combined angle-resolved photoemission spectroscopy and resistivity study of the model Fermi
liquid system I'-TiTe,. From the analysis of the quasiparticle spectral line shape we identify and separately
evaluate the electron-electron, electron-phonon, and impurity scattering contributions to the quasiparticle life-
time. There is a clear correspondence between spectroscopic and transport data. A residual low-temperature
spectral linewidth [(=17 meV) indicates that the three-dimensional nature of the electronic states cannot be
neglected even in this quasi-two-dimensional material.
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[. INTRODUCTION defects and impurities. Each of them limits the QP lifetime,
and therefore contributes to the QP spectral linewidth. From
Angle-resolved photoemission spectroscopfRPES  the intrinsic linewidth, which can be estimated from high-
with high resolution is a momentum-selective probe of theresolution data, the various contributions may be identified,
low-energy quasiparticléQP) excitations in solids.This ca-  exploiting their specific energy and temperature depen-
pability has been thoroughly exploited in recent investiga-dences.
tions of complex materials, including the high- Near the Fermi surface the contribution of electronic cor-
cuprate$, 4 the giant magnetoresistance manganitescer-  relations to the hole linewidth is smak few meV in most
tain classes of low-dimensional conduct®rshere correla- circumstances It exactly vanishes at the Fermi level, where
tions shape ground states with peculiar properties. Crucidhe QP lifetime becomes infinite. Nevertheless, this term
aspects of theoretical models of these systems have beéas been identified in high-resolution ARPES spectra of
addressed by ARPES, including the fundamental issue abodff-TiTe,,® which could be described by an asymptotic FL
the nature—Fermi liquidFL) vs marginal FL or Luttinger model near the Fermi surface. Agreement between experi-
liqguid—of their normalstates. In principle, the spectroscopic ment and a more general FL expression was also claimed
data may discriminate between the conflicting scenarios, bdurther away fromeg .2
cause of the close correspondence between ARPES spectraElectron-phonon scattering is the predominant broadening
and the properties of the quasiparticles, embodied in théactor for the low-energy excitations in highly perfect single
single-particle spectral functiof(k, ).’ crystals. Its spectral consequences have been studied by
In real experiments, however, perturbing effects beyondARPES on surface stat€s®and quantum well staté$ re-
an idealized description of ARPES, may affect the interprevealing moderate to strong electron-phonon interactions.
tation of the data. Therefore it is important to develop a solid Despite the vast literature on disorder in solids, little is
experimental base and a clear understanding of the spectrghown about the influence of disorder on the spectral prop-
properties of materials that can be classified as Fermi liquiderties of the quasiparticles. Preliminary studies indicate a
based on their thermodynamic and transport properties, asarrelation between the ARPES line shape of surface states
reference for the more complex systems. Such ARPES invesnd the presence of absorbafesor the surface
tigations of standard metals verified some of the theoreticamorphology:*
predictions, but also revealed unexpected complexities. We have studied by high-resolution ARPES pure and dis-
Due to the kinematics of the photoemission process, therdered specimens of the quasi-2D materigdTiTe,, which
simple hole spectral response is not experimentally acce$ras been identified as a model Fermi liquid system in recent
sible in three-dimensional solitibut it can be observed for ARPES work®?2-21T-TiTe, exhibits normal metallic prop-
two-dimensional (2D) surface states, or quantum well erties over a broad temperature range, a band structure well
states® Layered compounds like the transition metaM) described by theory, and a simple Fermi surface. Moreover,
dichalcogenides, which support quasi-2D states, are also weditomically flat and ordered surfaces may be prepared easily
suited for QP line shape studies by ARPES. by cleavage in ultrahigh vacuum. All these characteristics
Three main intrinsic phenomena influence the hole specmake it an almost ideal material for a spectroscopic study of
trum probed by ARPES{i) electron-electron €-e); (ii)  quasiparticle properties. Previous ARPES work dnrTiTe,
electron-phonon €-ph) interactions; andiii) scattering by has clarified the overall electronic structure of this com-
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pound, and addressed the issue of electronic correlations. lll. STRUCTURAL AND ELECTRONIC PROPERTIES
Here we present a comparative analysis of the various qua- OF 1T-TiTe,

siparticle scattering mechanisms based on spectroscopic and 1T-TiTe, exhibits a layered structure, typical of TM
-TiTe, ,

resistivity data. In this investigation we take advantage of they;.p 5 cogenides, where Ti atoms are confined in planes sand-
unique possibility of creat_mg c_or?trolled amounts of random,iched between Te layers. Adjacent layers are separated by
point defects by electron irradiation. o van der Waals gaps and interact weakly with each other. The
We find that both the residual electrical resistivigyT crystal structure is T-Cdl, (space grouFng) with lattice
=0) and the spectral linewidth scale with the defect de”Sityparametersazia.S A andc=6.5 A2 Each metal atom is
The quasiparticle lifetime measured at the Fermi surface by rounded by a distorted octahedron of anions with a trigo-
ARPES is proportional to the relaxation time derived fromngajly symmetric projection in the plane. The Brillouin zone
transport experiments. From an analysis of the temperatur@z) has a threefold symmetry, with inequivaléitM and
dependence of the spectral linewidth we also obtain an estFM’ directions.
mate for the electron-phonon coupling parameterThe In a purely ionic picture the Te B bands would be full,
weak-coupling value. =0.22 is consistent with the absence and the Ti 2l bands completely empty. The Tid3tates are
of superconductivity or charge-density-wa@DW) insta-  split into t,, andey manifolds, and thel,2 states are further
bilities. Our line shape analysis indicates a residual lowsplit off from thet,; manifold as a consequence of the trigo-
temperature linewidth which cannot be accounted for by thenal distortion. The partial overlap of these states with the
hole scattering processes, and which we attribute to the finitée 5p bands is responsible for the observed semimetallic
photoelectron lifetime. The observation of this broadeningoehavior of IT-TiTe, . The Tid,2 band forms electron pock-
mechanism, which would be absent in a strictly 2D systeméts around th! andM' points, strongly stretched along the
indicates the limits of a description of layered materials thaf'M direction®*
neglects the 3D coupling between planes. The electronic properties of TkTiTe, are rather aniso-
tropic, and typical of a quasi-2D material. The electrical re-
sistivity is metallic and, unlike in other 2D TM dichalco-
genides, it does not suggest the occurrence of CDW
transitions?® For our pristine samples, the room temperature
Single-crystal specimens ofTtTiTe, were grown by the in-plane resistivity was in the 100-120€ cm range. The
usual iodine vapor transport method. After an optimization ofout-of-plane component was larger by a factor of 35—-40, and
the growth parameters we obtained thick plaquettes wittihe anisotropy was almost temperature independent.
typical dimensions % 4x0.2 mnt. Several samples chosen
from a single batch were exposed to a 2.5 MeV electron IV. THE ARPES LINE SHAPE
beam at the Laboratoire de Solides Irradief the Ecole ] ) )
Polythechnique. During the irradiation the samples were im- AN ideal ARPES experiment measures, apart from dipole
mersed in liquid H. Previous experiments on layered Chal_tran'3|t|on matrix elemgnts, the r7nomentum—dependent single-
cogenides have shown that electron irradiation creates rarﬁ’—art'de spectral functiom(k, «):
dom point defects in the metal planes by displacing the metal

II. EXPERIMENT

atoms from their equilibrium positioff. The defect concen- ACK ) — 1 Im2 (k,w)
tration is proportional to the integrated flux expressed by the (k.o)= T [w—e(K)— ReZ(k,w)]er[lmE(k,w)]z'
electron fluenceb, (e cm™2). The structural effects of grow- (1)

ing disorder were monitored by Bragg diffraction, which

showed a progressive increase of the width of@k®9 rock-  A(k,w) describes the removal of one partidlereation of

ing curves, indicative of a reduced crystalline coherencene hol¢ in the many-body systenz.(k) contains the band

length. structure of the ideally noninteracting system, and all corre-
We measured the in-plane and out-of-plane dc resistivitietation effects are lumped into the self-eneljyk,w). % is

in the 4—300 K temperature range by a standard four-pointisually strongly energy dependent while thdependence is

method. We performed ARPES experiments in Lausanneveaker and often neglectel. has a twofold effect: it renor-

with a Scienta SES-300 hemispherical analyzer and a Hmalizes the dispersion relatierfk), and it introduces a finite

lamp (hv=21.2 eV), and at the Swiss-French SU3 undula-spectral linewidthl’=2Im2,, which reflects the lifetime £

tor beamline of the SuperAco storage rii@rsay. The =#/T’) of the QP’s in the interacting system.

samples were mounted on a He flow cryostat, where the All scattering mechanismselectron-electron, electron-

temperature could be varied between 300 K and 13 K, an@honon, electron-impuritigscontribute toX. In a first ap-

cleavedin situ at the base pressure ofx110™'® mbar. For  proximation the three terms are additive:

the high-resolution data presented here, the overall energy

resolution was 8 meV, as determined from the metall!c edge =3 eetSepht Simp- 2

of a polycrystalline Au film. The accuracy of the Fermi level

position was+0.5 meV. The acceptance angle wa$.5°  Simple phase space consideratfosow that the electron-

(Ak=+0.04 A1) in the dispersive direction, anti1° in  electron self-energy ... must have the asymptotic for(for

the perpendicular direction. w—0)
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Ee_e(w)=aw+i,8[w2+(7TkBT)2]. 3 d T T T

, TiTe
The temperature-dependent term is always very small and Te13K

can be neglected with respect to the? and other
T-dependent term&ee below. Further away from the Fermi
surface more general expressions, satisfying the causality
condition, have been propos&dn the following we will be
concerned with low-energy excitations, for which the simple
asymptotic expansiofB) is appropriate.

Lifetime broadening due to electron-phonon scattering be-
comes rapidly predominant with increasing temperature. The
imaginary part of thee-ph self-energy is given By

hv=21.2 eV

ARPES Intensity

Imze_ph(T,w)Z WJ:dvazF(v)[Zn(v)-i-f(v-i— )

+f(r—w)]. (4)

Heren(w) andf(w) are, respectively, the Bose-Einstein and
the Fermi-Dirac (FD) distributions, anda?F(w) is the
Eliashberg coupling function. Within the Debye model,
@’F(0)=\(0w/Q,)% and electron-phonon scattering is Binding energy (meV)
fully described by the coupling parameterand the cutoff
frequency(}, of the phonon spectrum. Equivalently, at suf-
ficiently high temperature the scattering rate at the Ferm
surface »=0) may be expressed s

200 100 0=Eg

FIG. 1. High-resolution ARPES spectra of 4TiTe, measured
pear the Fermi surface crossing along the high-symmiéivy di-
rection (=0 is normal emission The lines are the results of
Fermi liquid fits to the data with the parameters discussed in the
(5) text. The inset shows a portion of the Brillouin zone with the rel-

hlT=const- mAKgT. L

evant ellipsoidal electron pocket.
ImX.pn has a quadratidin 2D) « dependence forw
<Qp, and it is constant fow>Q,. R& ., Which renor-

malizes the band dispersion, is appreciably different fro

tense QP feature and the very weak background. Both the
mvidth and the intensity of the dispersing peak exhibit a

zero only between 0 an@,,. We have verifiech posteriori ~ SI'ong 8%2%%'” dependence, consistent with the
(see below that bothx and Q. are small in T-TiTe,. In literature™ These variations reflect the dispersion of the
m .

this case the choice g ,,=0 and INE..,,=Im3(0,T) is a Ti d,2 band across the Fermi level, with a small negative
-p e-p '

sufficient first approximation. Notice that this approximation Fermi velocity. The sharp FD functionAE~5 meV) is
may not be valid in systems with strongeph interactions. mainly responsible for the rapid reduction of the spectral

Scattering on impurities and crystalline defects generatelinéwidth as the peak disperses through. o
a linewidth proportional to the defect concentratidnin a We have analyzed the results of Fig. 1 within the FL
scenario illustrated in Sec. IV. The parameters of the FL fit

mean-field approacf and neglecting any possible energy -~
dependence for QP’s near the Fermi surface, are the QP energy(k) and the g coefficient of the
asymptotic expansiofEqg. (3)] of the self-energy. All other
Simp=iAimp(d). (6) intrinsic broadening mechanisnisnpurities, finite tempera-
_ _ ture, photoelectron broadeningere modeled by a constant
The analysis of the ARPES data must also take into accouhenomenological tern’, in ImS. For eachk value, the
hole spectral function, represented Afk,»), and the pho-  width at half maximum of 8 me)/to simulate the experi-
toelectron spectral function. Therefore, in general, the spegnental energy resolution. Taking proper account of the finite
tral linewidth also includes a term reflecting the finite pho'angular resolution is less straightforward. The usual proce-
toelectron lifetime. As discussed beIOW, this term vanishes iraure, which consists in add|ng a constant phenomeno'ogica|
a two-dimensional system, and in this limit only the hole gnergy broadening to the spectra, is ill defined, especially

lifetime contributes to the QP width. when the band dispersion is anisotropic. Ideally, one should
integrate the calculated spectrum over the acceptance angular
V. RESULTS AND DISCUSSION window of the analyzer. We have implemented this proce-

dure by modeling the shape of the constant energy contours,
based on calculations and previous ARPES determinations of

Figure 1 illustrates ARPES results for the pristine samplethe Fermi surfacd and on the local density approximation
measured alT =13 K along thel'M high-symmetry direc- (LDA) estimates of the Fermi velocitiésThe overall inten-
tion of the BZ, in a narrow region around the Fermi surface ity of the spectra was left free to vary, thus allowing for
The spectra of T-TiTe, are remarkable among other 2D matrix elements effects and experimental uncertainties in the
materials for the large contrast between the narrow and inrormalization of the spectra.

A. Band dispersion and the electron-electron interaction
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ol T T T ] trinsic tail, especially when the peak intensity is small (
% < <15° in Fig. 3. Even then, it is considerably smaller than
£ kp B=40 eV ! from Ref. 8, which is incompatible with a de-
5 “20r 7 scription of the electrical resistivity of I-TiTe, based on the
g l asymptotic form of the FL electron self-eneffWe stress
Lgn 0 the fact that the discrepancy is not in the quality of the FL
S fits, which is quite comparable, but rather in the interpreta-
2 sol i tion of the broadening terms. While our fitting procedure
¢ allows for a constant contributiohiy, the analysis of Ref. 8

— interprets the whole linewidth in terms efe scattering, thus
14 15 16 . . . :
neglecting other mechanisms which may be predominant
Angle (degrees) near the Fermi surface.
More recently, Gweort al.=° reported that the incompat-

FIG. 2. Quasiparticle binding energy obtained from the FL fit of ., ..
the high-resolution data of Fig. 1. The Fermi wave vector is deter-lblllty between the transport data and laigealues may be

mined from the Fermi level crossing of the interpolated linear dis-removed in & more general FL scenaridie notice, how-
persion ever, that smalleB values are supported by fundamental

considerations which set a limit on the maximum strength of

Excellent fits to the measured spectra are obtained fothe e-e interaction in a metal. This is expressed by the con-
I'p,=17 meV, and for values of the paramet@rvarying dition U<W, whereU is the on-site Coulomb repulsion and
between 0.5 eV! (16°) and 0.9 eV?! (14.5°). The experi- W s the total(occupied plus unoccupigthandwidth. Larger
mental spectra consistently exhibit some intensity above thgalues ofU would lead to a Coulomb correlation gap, and a
FL fit in the leading edge nedf-. We attribute this small (Mott-Hubbard insulating ground state. Within the Born ap-
discrepancy to valence band photoelectrons generated kproximation, the conditionU<W is equivalent to 8
higher-energy satellites of the Hephoton line, and to a = 7U?/ (4W®) < x/(4W).}" ReplacingW by the LDA band-
slight deviation from a Gaussian instrumental response of thwidth (0.8 eV) of 1T-TiTe,,® we obtain3<1 eV !, which
analyzer. The QP dispersiar{k) obtained from the fifFig. = agrees well with3=0.7 from our line-shape analysis.
2) is essentially linear in the small angular range considered
(2°). The Fermi velocityAvg=0.73-0.1 eV A matches
well the LDA valuev, p,=0.68 eV A8 and supports the
choice made in the evaluation of the angular integration. Scattering between electrons on the Fermi surface is for-

The determination of the Fermi level crossing of a metal-bidden, atT=0, by Pauli’'s principle. In these conditions, if
lic band from the ARPES data has become an increasinglgnly electron-electron and electron-phonon scattering pro-
important and debated issue. In the cuprat@édor instance, cesses were active, the QP lifetime would be infinite. The
small differences in the shape and size of the Fermi surfac®P’s at the Fermi surface still acquire a finite lifetime, and a
may be essential to distinguish between competing theoretfinite Lorentzian linewidth, through scattering by impurities
cal models. Weak dispersing signals and, more importantlyand, at finite temperatures, by phonons. In this section we
the lack of a precise knowledge of the spectral line shapezonsider the temperature dependence of the QP lifetime,
limit the accuracy of the analysis, and have generated stronghich reflects electron-phonon interactions, since impurity
controversies>3?Even for a simple metal, the determination scattering is temperature independent, and Tiependent
of kg is not unambiguous. Specific properties of the meaterm inX ¢ [Eq. (3)] is always quite small.
sured QP peak—its width, binding energy, intensity—or of Figure 3 shows ARPES data measured between 13 K and
the momentum distribution function(k) deduced from the room temperature at theM Fermi surface crossing of Fig.
ARPES data have been used as indicators of a Fermi levél. As expected, the spectrum is sharpest at the lowest tem-
crossing. The various methods are not equivalent. For thperature. The peak appears at a finite binding energy, rather
well-studied case of T-TiTe, there is a rather large spread in than atEg, due to the combined effects of the FD function,
the estimates okg from the various approaches, ranging and of the finite experimental resolution. With increasing
from 14.75° (0.53 A1) (Ref. 8 to 16.7° (0.59 A1).®  temperature the progressive broadening of the FD function
From a linear interpolation of the data points of Fig. 2, weshifts spectral weight back towak}- . At the same time, the
determine a Fermi level crossing lat=15.4°+0.5°. This peak intensity decreases, and the width increases due to in-
yieldske=0.55+0.02 A1, in good agreement with the re- creasing electron-phonon scattering.
cent detailed analysis of temperature-dependent data by The temperature-dependent spectral linewid{T)—the
Gweon?® The error bars include the estimated uncertaintiealf width at half maximum(HWHM) of the underlying
of our analysis. Lorentzian line shape—decreases almost linearly from room

The tail on the low-kinetic energy side of the QP peak istemperature down to 70 K, and then saturates at low tem-
a typical fingerprint of electronic correlations. The FL fit is perature. This dependence is well reproduced by the
quite sensitive to the intensity of this feature. The best fitelectron-phonon self-enerdy¥eq. (4)] plus a constant term
value 8=0.7+0.2 eV ! should be regarded as an upperl'o;=17 meV. The best agreement over the whole tempera-
limit because the overlapping contribution of tiveeak in-  ture range(dashed line in Fig. ¥lis obtained for are-ph
elastic background may still lead to overestimating the in-coupling constani.=0.22 and a Debye cutoff frequency

|23

B. The temperature dependence of the quasipatrticle lifetime

115102-4



HIGH-RESOLUTION ANGLE-RESOLVED. . . . PHYSICAL REVIEW B4 115102

TiTe,
hv=212eV

Intensity

Binding energy (meV)

o FIG. 5. Symmetrized curve$l* (w)=1y(w)+1y(—w)] ob-
tained from the Fermi surface ARPES spectra of Fig. 3, showing the
thermal broadening of the QP peak. The maxima of the curves are

at the Fermi level at all temperatures. Notice the overlap of the 13
K (solid circles and 54 K(dashed ling spectra.

ARPES Intensity

electron-hole symmetryA(kr ,w)=A(kg,— )], which is
27 certainly satisfied near the Fermi surfatg(w) is then sim-
200 0=Ej ply proportional toA(k,w). Indeed, all the symmetrized
curves exhibit maxima exactly &, as expected for QP’s at
the Fermi surface. Having thus removed the FD cutoff, the

FIG. 3. ARPES spectra ofT-TiTe, measured at the Fermi sur- temperature-dependent broadening and the saturation to an
face at various temperatures. The lines are the result of a FL fit witlynvarying Lorentzian line shape below60 K are quite evi-
a temperature-dependent self-energy describing electron-phong{ent (notice the perfect overlap of the 13 K and 54 K
scattering. curves.

It is instructive to compare the temperature dependence of

7 Qn=kg®p=20 meV. The smalk is consistent with the the spectral properties of the QP’s with a transport property
absence of superconducting or CDW transitions TaTiTe, like the electrical resistivityFig. 4). The in-plane resistivity
down to 1 K. On the other hand, neither th@ nor thee-ph  p_,(T) exhibits a typical metallic behavior and, apart from
scattering mechanisms, which vanishTat 0, can account the offsetl’,, the same temperature dependence as the QP

Binding Energy (meV)

for the residual low-temperature linewidth. Therefdrg  linewidth I'. This is a strong indication that the transport
must reflect contributions from impurity scattering and fromrelaxation timer* follows the spectroscopic lifetime. In
other extrinsic effects, as discussed in a later section. other words, the transport properties of-TiTe, reflect the

The temperature evolution of the spectral function is il-scattering of the quasiparticles. The good agreement between
lustrated in a direct way by Fig. 5. Following a procedurethe two quantities is remarkable, and perhaps surprising for
that is now common in higi- work, each spectrum was two reasonsi(i) 7 is an averaged value over the whole
symmetrized around the Fermi energy to remove the FD cutFermi surface, while our QP analysis is limited to a specific
off. I"(w)=I(w)+1(—w). Under the assumption of point in k space;(ii) small-angle scattering events, which

limit the QP lifetime, have a small effect on the electrical
T (K) resistivity. A more accurate sampling of the Fermi surface
o 190 , 2(,’0 : will be necessary to clarify this observation.

One should note that the agreement between spectro-
scopic and transport lifetimes is not limited to a trivial
25l 5 rescaling of the two sets of data. Assuming a rigid-ion scat-

1 % tering potential, the resistivity and QP lifetime, are related by

s | 8 p=(47T107),%*?°*%s0 that the ratid\ p/ AT determines the
15_4 1o plasma frequencyl,. From the data of Fig. 4 we obtain

7Q,=1.1+0.1 eV. We are not aware of experimental mea-

0 5 10 15 20 25 surements of the plasma frequency ih-TiTe,, but our es-

k5T (meV) timate is certainly in line with the plasma frequencies of
other metallic TM dichalcogenides determined from optical

FIG. 4. Comparison of the temperature-dependent spectral lingq5t534
width I' (HWHM) (open symbolsfrom Fig. 3, with the in-plane

35

H

T (meV)

electrlc_al re5|st|\_/|t)_/pab (solid ling). The dashed line |II_ustrates the C. The spectral consequences of disorder
theoretical prediction for an electron-phonon coupling parameter

A=0.22 plus a constant terfi;=17 meV. Notice the offset be- In this section we compare spectroscopic and resistivity
tween the two vertical scales. data for pristine T-TiTe,, with data from irradiated samples
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D, (10 ecm™ o T o
100~ 375 i . :%: | =
_— 2 g by -7
g 15 < % 1‘6
a 0 wb, | g
2 i
1o
Q. | ‘ |
0 2 4
0 ' ' ' : @, (10° e cm?)
0 100 200
T &) FIG. 8. Dependence on disord@xpressed by the electron flu-

enced,) of the spectral linewidth® and of the residual resistivity
FIG. 6. Resistivity curves for pristinébottom) and irradiated
1T-TiTe, samples, with increasing amounts of disor¢expressed
by the electron fluenc&®,). Notice the identical slopes and the

. , : U is |=7vg. From the differences in thE values of Fig. 8,
increasing residual resistivities.

and the estimatedr, we obtainl~100 A for the sample
dNith the largest disordér. The mean free path can also be
thpressed as= (a/d), wherea is a lattice parameter artlis

the density of scattering centers. Fbr100 A and a
~3 A we obtaind~3x 10 2 which is, within a factor of 2,
the estimated density of irradiation defects for this sample.
Furthermore, the ratioXp/AT"), where the variations are

with increasing amounts of disorder. From the tabulate
cross sections and from previous irradiation experiments o
other layered TM dichalcogenid@sve estimate defect con-
centrations in the 10° to 10" 2 dpa(displacements per atom
range in our irradiated samples[®,=(1.5-3.75

X 10'% cm?]. The effect of disorder on the resistivity is _ € :
clearly illustrated in Fig. 6. The slope of thgT) curves now due to '“."p“r_'“‘?s’ ylelds a plasma frequg@)g:l.z
remains unchanged, indicating that neither the electron=0:2 €V, which is in excellent agreement with the value
phonon interaction nor the carrier concentration is aﬁectedjequced from Fig. 4 in the different context of phonon scat-
by disorder. The curves are rigidly shifted upward in thet€"N9:

more strongly irradiated samples. We conclude that the point

defects created by fast electron irradiation introduce a re- D. Finite photoelectron lifetime

sidual resistivit roportional to the irradiation dose. . . . . -
Yo Prop The line shape analysis of the previous sections indicate

Disorder produces distinctive changes in the ARPES . : _ S
spectra. The spectra of the pristine sample and of an irradf—he existence of a residudl=17 meV) spectral linewidth

ated crystal ¢, =3.75< 10% cm™2), both measured at 13 In the pristine samples. At the measurement temperaflire (

K at theI'M Fermi surface crossing, are compared in Fig. 7. 1.3 K) both Ee._e.and_Ee:ph are very small aEe . St'"’.
gelr values at finite binding energies may affect the line-

The broader QP peak of the disordered sample reflects tH .
shorter QP lifetime. Once again, the effect can be quantifieéﬁ"Idth of a QP a_t the F_e_rml_surface. _The energy dependence
by a FL analysis. The extractdd values, shown in Fig. 8, of 3¢ [Eq. (3)] is explicitly included in the FL fit. We have

increase linearly from 17 meV in the pristine sample to 25estimated the inaccuracy due to the simplifying assumption

meV for the largest defect concentration. The similar depen9f a constan.p, and found it to be negl|g|ble with re-
dence ofl' and p, on the amount of disorder confirms the spect tol'y. Therefore we conclude that neither electron-

proportionality between the transport relaxation time and th@leptron nor'electr_on—p.honon scattermg Processes may ex-
QP lifetime3° plain the residual linewidth. The possible role of impurities

Two semiquantitative considerations support this concluMust be assessed more carefully. The residual resispyity

sion. The mean free path for QP scattering on the impurities:2 p€) cm of the pI’ISi:‘Ine sample is qurge low, and more
than one order of magnitude smaller thanin the strongly

. : disordered crystal, where the contribution of defects to the
total I' is only ~8 meV. We conclude that bulk defects in
our pristine crystals can account for only a small part of the
measured linewidth. We cannot exclude a larger concentra-
tion of surface defects, e.g., cleavage-induced defects, which
could influence the measured spectra, given the large surface
sensitivity of ARPES. This was observed for instance in
high-resolution spectra of clean metal surfat®gle notice,
however, that various samples and cleaves consistently
100 ' 0=E; yielded similar "y values, suggesting that surface-related
features do not represent the main contribution to the mea-
sured linewidth.

FIG. 7. High-resolution spectra &=kg of a pristine and an Another extrinsic broadening mechanism, typical of the
iradiated @,=3.75x10% cm~2) 1T-TiTe, sample. The larger photoemission process, may provide an alternative explana-
spectral width indicates a shorter lifetime in the disordered sampletion. The ARPES spectrum measures the hole spectral func-

TiTe,

— pristine
e disordered

ARPES Intensity

Binding Energy (meV)
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tion A(k,w) only in the 2D limit. In a more general case the quasiparticle scattering mechanisms in the model FL system
spectral linewidth has contributions both from the hdlg)(  1T-TiTe,. A Fermi liquid line-shape analysis of temperature-
and the electronl{,) scattering rates. At normal emission, dependent ARPES spectra yields the fundamental parameters
this is expressed By (B,\) describing the electron-electron and electron-phonon
interactions in this material. The spectral properties of the

It (onfve)Te @ quasiparticles are consistent with the physical properties of

 1—(vp fve) 1T-TiTe,, namely, the absence of superconducting or
charge-density-wave instabilities. We find that the quasipar-
ticle lifetime derived from ARPES follows the transport re-
laxation time, namely, we observed the parallel linear growth
of the spectroscopic and transport scattering rates in samples
with increasing densities of random point defects.

The FL analysis of the data indicates a residual QP line-
width I'g~17 meV, which we attribute mainly to the con-
Nribution of the photoelectron lifetime. The three-
dimensional character of the electronic states is clearly not
negligible, and becomes the main source of spectral broad-

. 2_ . .
tain (v /v, )=37, which is very close to the measé%red ening near the Fermi surface and at low temperature. This
resistivity anisotropy, as exp(_acted ‘fmf.“ transport th. Y- observation invites a systematic evaluation of the influence
The small perpendicular Fermi velocity is consistent with the

X ) X . of this term on the spectra of the complex and still poorly
calculated dispersion of the Til2 band, and with the |, 4erstood cuprates and layered CDW materials.
quasi-2D character of T-TiTe,. However, the line-shape
analysis of the high-resolution data clearly demonstrates that
this term cannot be neglected when the QP properties are ACKNOWLEDGMENTS

evaluated, and that in fact it becomes predominant at low ) ] )

their help with the x-ray diffraction and the transport mea-
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wherev,,, andv,, are the perpendiculdto the sample sur-
face components of the hole and photoelectron velocities
Thereforel” reduces td'}, in the absence of perpendicular
dispersion ¢, =0), i.e., in a purely 2D system. Previous
photoemission studies on noble metalgielded I'y=0.07

X hv, wherehv is the photon energy. Using this value as a
guideline, and free-electron final states for the photoelectro
the measured” yields v,, =0.12 eV A. By combining it
with the in-plane Fermi velocitytv=0.73 eV A, we ob-
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