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X-ray production differential cross sections induced by C and Si ions with energies from 1 MeV/u down to
0.25 MeV/u, produced by the CMAM 5 MV tandem accelerator, have been measured for thin targets of Ti,
Fe, Zn, Nb, Ru and Ta in a direct way, X-rays have been detected by a fully characterized silicon drift diode
and beam currents have been measured by a system of two Faraday cups. Measured cross sections agree

in general with previously published results. The ECPSSR theory with the united atoms correction gives
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absolute values close to the experimental ones for all the studied elements excited by C ions and for Ta,
Nb and Ru excited by Si ions. For Ti, Fe and Zn excited by Si, the matching with theory is poor since even
the ionization cross section is below the measured data.

© 2017 Elsevier B.V. All rights reserved.

1. Introduction

The development of Secondary lon Mass Spectrometry (SIMS)
with incident ions at MeV energies promises to offer the commu-
nity a new analytical methodology and is the object of a coordi-
nated research effort, promoted by the International Atomic
Energy Agency (IAEA) [1]. Due to the multi-technique character
of lon Beam Analysis (IBA), the development opens also the way
to the combination of MeV-SIMS with other IBA techniques, in par-
ticular particle-induced X-ray emission (PIXE). Several data sets
exist already for ionization and production cross-sections. How-
ever, one has to observe that lesser direct results are found for X-
ray production [2-20] and that the actually available cross sections
are far from being ideal, in terms of their analytical applicability to
Heavy-lon PIXE (HI-PIXE) quantification, due to the largely incom-
plete coverage of ions, targets and energies, something that is fully
understandable, given the plethora of possible combinations.
Focusing on the applicability of HI-PIXE in connection with MeV
SIMS, the coordinated research has identified specific needs for
cross section data and has elaborated concerted measurement pro-
tocols and cross check procedures in different laboratories. The aim
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is to fill to some extent the existing gaps and produce data sets
convenient both as a reliable operative tool and as an experimental
basis on which to test theoretical models. In this framework, we
have investigated the production of X-rays induced by C and Si ions
from 1 MeV/u down to 0.25 MeV/u on the following thin targets:
TiO,, Fe304, ZnO, NbyOs, RuO, and Ta,0s grown on different
substrates.

2. Experimental Set-up

Cross sections have been measured using the 5 MV tandem
accelerator at the Centro de Micro-Analisis de Materiales (CMAM)
of the Universidad Auténoma de Madrid, Spain. We have used a set
of targets to measure HI-PIXE cross sections, to determine the X-
ray detector energy calibration and efficiency as well as the reduc-
tion of charge on sample due to a transmission FC, as explained
below. Target thicknesses have been extracted from the analysis
of elastically backscattered 2 MeV alpha particles, performed with
the help of the SIM-NRA program. Results are reported in Table 1.
The estimated error of the target thicknesses is around 2.5%.

We have operated in an experimental station equipped with
two Faraday cups (FC): an insertion FC and a transmission FC, both
with a secondary electron suppressor. The transmission FC consists
of a fast spinning C-shaped metal wire, to brush an area that
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Table 1
Thickness of the used targets as determined by 2 MeV alpha backscattering. Targets
TiN_C and Fe;04_C were produced at CMAM.

contains the beam, in electric contact with a surrounding cylinder
to collect the secondary electron eventually emitted by the wire or
repelled by the suppression ring. This allowed the use of thin tar-

Target Analyte2 thickness Target tzhickness Densit3y gets on thick substrates while measuring the collected charge in
[ng/em’] [ng/em’] [g/cm”] a reliable way. The insertion FC was used to determine the net
TiN/si 11.19 14.52 4.82 charge arriving on the target immediately before and after the irra-
?g'cs/_SI }?-(5’2 f;-g; 3-5; diation, while the transmission FC was used to record possible cur-
i0/Si : ‘ - rent fluctuations which were eventually corrected. The
Zno/Si 22.93 29 5.61 o . L
Fe;0,-C/Si 64.02 85.76 517 transmission FC intercepts 7.1 percent (standard deviation 0. 2 per-
RuO,/Sigradure 10.98 15.57 6.97 cent) of the beam going to sample, as determined using a 2 MeV
Ta;0s/Sigradure 15.92 19.78 8.18 proton beam. A plot of the beam currents during a measurement
Nb,Os/sigradure 1431 21.05 46 is given in Fig. 1. The error of the measured charge depends on
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Fig. 1. The currents recorded by insertion and transmission Faraday cups during a typical measurement.
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Fig. 2. The absolute efficiency of the detector, multiplied by the filter transmission, was determined by PIXE with 2 MeV protons, as described in the text.
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the stability of current and its correction: its average is +2% and the
maximum +7%.

Proton PIXE on the targets of Table 1 (plus a CsBr Micromatter
standard) has been performed to determine the detector energy
calibration, the stability of which was checked by a >°Fe source
before the ion beam measurements. At the same time we have
determined the absolute efficiency of the X-ray detector using
the proton-induced X-ray production cross sections given by the
GUPIX program, which are tabulated from validated sets of data.
X-rays were detected by a KETEK AXAS-A 10mm? silicon drift
detector (SDD), placed at 120 degrees from the beam direction
and protected by a convenient absorber (500 um polyethylene
terephthalate PET) from the impact of backscattered ions and pro-
tons. At low energy (see Fig. 2), the efficiency is reduced because of
the thick proton and ion absorber. At high energy, it drops again
because of photons crossing the detector’s active thickness (SDD
500 pum) without interaction. The curve has been fitted by a cubic
function. The error of the efficiency is on average 4% (min 2.8-max
7.2); the difference with the fitting curve is on average 7%. Point
values have been used in our calculations.

Currents between 5 and 65 nA have been used for C ions in
charge states ranging from 2 to 4 and between 20 and 60 nA for

Table 2
Correction factors calculated from Eq. (2) for the targets and in the cases that it was
applied to.

Si ions in charge states 3-5. The dead time could be maintained
generally below 1%. Preamplifier signals have been processed by
an ORTEC 572A amplifier and a Fast Comtec 7072 dual analog-
to-digital converter. Spectra have been collected and analyzed with
a Fast Comtec MP3 multi-parameter system. The statistical error
for Ti, Fe, Zn K, peaks and Ta L, peak is always well below 1%.
For Nb and Ru, as well as for Ti and Zn, it can reach, at the lowest
measured energies, a value of 9%.

3. Differential cross sections

The differential cross sections for the reaction channels men-
tioned above are given by:

dGX(El, 0) Y)((El7 0) o o Nopdx
do ‘N,Nrgabs(EX)An'fw" Ni=ge Nr=—4 (M)

where E; is the incoming ion energy, N; is the number of incident
ions, Q is the total collected charge, n is the ion charge state, Nt is
the number of target atoms, p-dx is the target areal density, Ny is
the Avogadro number, e is the unit charge and Yx (E.0) is the X-
ray yield. All quantities on the right side have been measured and
the cross section has been directly extracted from Eq. (1).

The correction factor f, due to ion energy loss and X-ray
absorption (negligible) in the thin targets is computed from:

o 0 (Ein)pdx
fcorr [A] fcorr = 1 - -Enmm—_]d (2)
Target C4MeV  C6MeV  Si8MeV  Si12MeV  Si16MeV JE, o(E)-S(E)dE
EgZ ;g g fg using for o(E) a fit of the ECPSSR values [21-23] and for S(E) a fit of
TiN-C 23 7 18 the SRIM energy loss curve [24]. As a matter of fact the correction is
Fe,0,C 33 10 31 13 8 only appreciable and has been applied therefore only at the lowest
Zno 19 8 16 8 energies: for C ions at 4 and 6 MeV and for Si ions at 8, 12 and
::E(%)OS ;5 ; él s 16 MeV. The applied corrections are shown in Table 2.
Ta2025 13 9 The actual experimental-set-up allowed us to measure both the
Ky and K yields in Ti, Fe, Zn at all energies; they were added to
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Fig. 3. Cumulative K differential cross section obtained from C ions on Ti, Fe and Zn.
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Fig. 4. Cumulative K differential cross section obtained from Si ions on Ti, Fe and Zn.
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Fig. 5. Partial differential cross section obtained from C ions on Ta (L,, line), Rb and Nb (K, line).

give the K cumulative differential cross-section. Since the lower would imply a complete fitting of the corresponding energy
cross-section makes the background subtraction on the Kj line regions which requires further attention due to the peak energy
more critical, we could measure for Nb and Ru only the K, intensity shifts and broadening. For our cross sections we estimate a global
and only at the highest energies. The L, line of Ta has been inte- statistical error of about +5% for Ti, Fe, Zn, Ta and of about +10% for
grated at all energies. The same procedure for the other L lines Nb and Ru.
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Fig. 7. Total cross section for K X-ray production induced by C ions on Fe, compared to the results of references [7] and [13] and with the ECPSSR-UA theory. [21]. Also shown

is the ECPSSR ionization cross section.

The results for the Ti, Fe and Zn cumulative differential K cross-
sections are given in Figs. 3 and 4 for C and Si ions respectively.
Recent data for Ti by Msimanga and coworkers [25] show a similar
trend as ours with a difference of a few tens percent except al the
lowest common energy where they are even bigger. The results for

Ta, Nb and Ru differential cross-sections are given in Figs. 5 and 6
for C and Si ions respectively.

C-induced cross sections are described reasonably well by the
ECPSSR-UA theory for Ti, Fe and Zn (Fig. 3). For Ta, Nb and Ru
the agreement shown by Fig. 5 is equally satisfactory; however it
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has to be remarked that the experimental data correspond only to
partial L, and K, cross sections. In particular for Ta we expect a sig-
nificant increase of the experimental curve (see comments above).
For the case of Si we observe (Fig. 4) that the matching with theory
is poor since even the ionization cross section is below the mea-
sured data for Ti, Fe and Zn. The Msimanga data for Ti [25] show
again a similar trend as ours with a maximum difference of only
7%. For Ta, Nb and Ru theory gives a reasonable agreement with
the experiment, being the ECPSSR-UA values slightly lower than
the data, as shown in Fig. 6. Comparing our data with previous ones
on Fe [7,13] in the case of C (Fig. 7), we observe consistency with
those of Fazinic et al. [7], assuming similar statistical errors, but
large discrepancies with those of de Lucio et al. [13], increasing
with energy. Furthermore, Fazinic data and ours closely follow
the trend marked by the ECPSSR-UA theory.

4. Conclusions

PIXE cross sections have been determined for the cases of exci-
tation with C and Si ions with energies of 1 MeV/u and below, on
a set of relatively thin targets from measured quantities: the col-
lected charge, the reaction yield, the target thickness, the detector
absolute efficiency. Correction factors due to the energy loss in
the targets have been applied. A transmission Faraday cup has been
used to check and eventually correct for current fluctuations. The
obtained experimental values are in general comparable to previ-
ously determined ones being the best case that of C on Fe. The
ECPSSR theory with the united atoms correction reproduces the
trend of our data and gives absolute values in reasonable agreement
with the experimental ones for all the elements excited by carbon
ions and for Ta, Nb and Ru excited by silicon ions. For Ti, Fe and
Zn excited by silicon, the matching with theory is poor since even
the ionization cross section is below the measured data. We may
observe that the measurement protocol must be improved for Nb,
Ru and Ta to include other X-ray lines in the analysis.
Measurements for other ions (O, Cl, Cu, Br) are in progress following
the recommendation issued by the coordinated research project.

Acknowledgments

We gratefully acknowledge the support of the CMAM technical
staff. This work was performed within the IAEA coordinated
research project (CRP) #F11019: “Development of molecular con-
centration mapping techniques using MeV focused ion beams”
and partly supported by Project No. MAT2014-52477-C5-5-P of
the Spanish MINECO. We are deeply indebted to the colleagues
of the CRP for the fruitful informative discussions and for supplying
targets.

References

[1] IAEA coordinated research project (CRP) #F11019: “Development of molecular
concentration mapping techniques using MeV focused ion beams”.

[2] R.C. Der, T.M. Kavanagh, ].M. Khan, B.P. Curry, R.J. Fortner, Production of carbon
characteristic X-rays by heavy-ion bombardment, Phys. Rev. Lett. 21 (1968)
1731-1732.

[3] K. Taulbjerg, P. Sigmund, Deduction of heavy-ion X-ray production cross
sections from thick-target yields, Phys. Rev. A 5 (1972) 1285-1289.

[4] H. Kubo, F.C. Jundt, K.H. Purser, Target Z dependence of projectile Kot X-ray
production cross sections in high-energy, heavy-ion-atom collisions, Phys. Rev.
Lett. 31 (1973) 674-677.

[5] L. Winters, J.R. Macdonald, M.D. Brown, T. Chiao, L.D. Ellswoth, E.W. Pettus,
Nonmonotonic target dependence of Cl K X-ray production cross sections in
single heavy-ion-atom collisions, Phys. Rev. Lett. 31 (1973) 1344-1347.

[6] G. Bissinge, L. Feldman, Si K X-ray production by low-energy heavy-ion
(16 <Z < 22) beams, Bull. Am. Phys. Soc. 19 (1974) 590.

[7] S. Fazinic, T. Tadic, I. Bogdanovic, M. Jaksic, I. Orlic, V. Valkovic, K-shell
ionization of V, Cr, Mn, Fe Co, Ni and Cu by 5-12 MeV carbon ions, Nucl.
Instrum. Methods B 114 (1996) 232-236.

[8] M. Kiisk, P. Persson, R. Hellborg, Z. Smit, B. Erlandsson, M. Faarinen, G. Skog, K.
Stenstrom, Characteristic X-ray production in heavy ion collisions, Nucl.
Instrum. Methods B 172 (2000) 182-187.

[9] O. Schmelmer, G. Dollinger, G. Datzmann, A. Hauptner, H.J. Korner, P. Maier-
Komor, P. Reichart, Particle-induced X-ray emission using high energy ions
with respect to microprobe application, Nucl. Instrum. Methods B 179 (2001)
469-479.

[10] MJ. Ozafran, M.E. Debray, R. Eusebi, AJ. Kreiner, M.E. Vazquez, A. Burlon, P.
Stoliar, K X-ray production induced by 12C on several elements, Nucl. Instrum.
Methods B 201 (2003) 317-324.

[11] M. Lugo-Licona, J. Miranda, L-Shell X-ray production cross-sections by impact
of 5.0 to 7.5 MeV 10B2+ ions on selected rare earth elements, Nucl. Instrum.
Methods B 219-220 (2004) 289-293.

[12] M. Lugo-Licona, J. Miranda, C. Romo-Kroger, L-shell X-ray production cross
section measured by heavy ion impact on selected rare earth elements, J.
Radioanal. Nucl. Chem. 262 (2004) 391-401.

[13] O.G. de Lucio, J. Miranda, L. Rodriguez-Fernandez, K X-ray production by 12C4
+ ion impact on selected elements, Radiat. Phys. Chem. 73 (2005) 189-195.

[14] R. Mehta, N.K. Puri, A. Kumar, B.P. Mohanty, P. Balouria, .M. Govil, M.L. Garg, T.
Nandi, A. Ahamad, G. Lapicki, L X-ray production in 57La, 58Ce, 60Nd and
62Sm by35-60 MeV carbon and oxygen ions, Nucl. Instrum. Methods B 241
(2005) 63-68.

[15] K.L. Streib, T.L. Alford, J.W. Mayer, Experimental verification of theoretical
cross sections for FIB-PIXE, Nucl. Instrum. Methods B 249 (2006) 92-94.

[16] S. Winkler, L.K. Fifield, S.G. Tims, J. Fernandez-Niello, L-X-ray production cross-
sections for PXAMS: target and energy dependence for 50-200 MeV hafnium
ions, Nucl. Instrum. Methods B 259 (2007) 260-264.

[17] J. Reyes-Herrera, J. Miranda, K X-ray emission induced by 12C4+ and 1605+
ion impact on selected lanthanoids, Nucl. Instrum. Methods B 267 (2009)
1767-1771.

[18] C. Mei, Y. Zhao, X. Zhang, J. Ren, X.M. Zhou, ]. Xianming, X. Wang, Y. Lie, C.H.
Liang, Y. Li, G.Q. Xiao, X-ray emission induced by 1.2-3.6 MeV Kr13+ ions,
Laser Part. Beams 30 (2012) 665-670.

[19] J. Miranda, G. Murillo, B. Méndez, ]. Lopez-Monroy, R.V. Diaz, ]. Aspiazu, P.
Villasenor, L-shell X-ray production cross sections of selected lanthanoids by
impact of 7Li2+ ions with energies between 3.50 MeV and 5.25 MeV, Radiat.
Phys. Chem. 83 (2013) 48-53.

[20] Y. Lei, Y. Zhao, X. Zhou, R. Cheng, X. Wang, Y.B. Sun, S.D. Liu, J.R. Ren, Y.Y. Wang,
X.A. Zhang, Y.Z. Li, C.H. Liang, G.Q. Xiao, K-shell X-ray production in Silicon
(Z2=14) by (1 <Z1 < 53) slow ions, Nucl. Instrum. Methods B 370 (2016) 10—
13.

[21] W. Brandt, G. Lapicki, Energy-loss effect in inner-shell Coulomb ionization by
heavy charged particles, Phys. Rev. A 23 (1981) 1717.

[22] G. Lapicki, The status of theoretical L-subshell ionization cross sections for
protons, Nucl. Instrum. Methods B 189 (2002) 8-20.

[23] S.J. Cipolla, ISICS2011, an updated version of ISICS: a program for calculating K,
L, and M shell cross sections from PWBS and ECPSSR theories using a personal
computer, Comput. Phys. Commun. 182 (2011) 2439-2440.

[24] ].F. Ziegler, ].P. Biersack, U. Littmark, The Stopping and Range of lons in Solids,
Pergamon Press, New York, 1985.

[25] M. Msimanga, C. Pineda-Vargas, M. Madhuku, K-shell X-ray production cross
sections in Ti by 0.3-1.0 MeV/u 12C and 28Si ions for heavy ion PIXE, Nucl.
Instrum. Methods B 380 (2016) 90-93.

Please cite this article in press as: J.E. Prieto et al., Cross sections of X-ray production induced by C and Si ions with energies up to 1 MeV/u on Ti, Fe, Zn, Nb,
Ru and Ta, Nucl. Instr. Meth. B (2017), http://dx.doi.org/10.1016/j.nimb.2017.01.047



http://refhub.elsevier.com/S0168-583X(17)30062-9/h0010
http://refhub.elsevier.com/S0168-583X(17)30062-9/h0010
http://refhub.elsevier.com/S0168-583X(17)30062-9/h0010
http://refhub.elsevier.com/S0168-583X(17)30062-9/h0015
http://refhub.elsevier.com/S0168-583X(17)30062-9/h0015
http://refhub.elsevier.com/S0168-583X(17)30062-9/h0020
http://refhub.elsevier.com/S0168-583X(17)30062-9/h0020
http://refhub.elsevier.com/S0168-583X(17)30062-9/h0020
http://refhub.elsevier.com/S0168-583X(17)30062-9/h0025
http://refhub.elsevier.com/S0168-583X(17)30062-9/h0025
http://refhub.elsevier.com/S0168-583X(17)30062-9/h0025
http://refhub.elsevier.com/S0168-583X(17)30062-9/h0030
http://refhub.elsevier.com/S0168-583X(17)30062-9/h0030
http://refhub.elsevier.com/S0168-583X(17)30062-9/h0030
http://refhub.elsevier.com/S0168-583X(17)30062-9/h0030
http://refhub.elsevier.com/S0168-583X(17)30062-9/h0030
http://refhub.elsevier.com/S0168-583X(17)30062-9/h0030
http://refhub.elsevier.com/S0168-583X(17)30062-9/h0035
http://refhub.elsevier.com/S0168-583X(17)30062-9/h0035
http://refhub.elsevier.com/S0168-583X(17)30062-9/h0035
http://refhub.elsevier.com/S0168-583X(17)30062-9/h0035
http://refhub.elsevier.com/S0168-583X(17)30062-9/h0040
http://refhub.elsevier.com/S0168-583X(17)30062-9/h0040
http://refhub.elsevier.com/S0168-583X(17)30062-9/h0040
http://refhub.elsevier.com/S0168-583X(17)30062-9/h0045
http://refhub.elsevier.com/S0168-583X(17)30062-9/h0045
http://refhub.elsevier.com/S0168-583X(17)30062-9/h0045
http://refhub.elsevier.com/S0168-583X(17)30062-9/h0045
http://refhub.elsevier.com/S0168-583X(17)30062-9/h0050
http://refhub.elsevier.com/S0168-583X(17)30062-9/h0050
http://refhub.elsevier.com/S0168-583X(17)30062-9/h0050
http://refhub.elsevier.com/S0168-583X(17)30062-9/h0055
http://refhub.elsevier.com/S0168-583X(17)30062-9/h0055
http://refhub.elsevier.com/S0168-583X(17)30062-9/h0055
http://refhub.elsevier.com/S0168-583X(17)30062-9/h0055
http://refhub.elsevier.com/S0168-583X(17)30062-9/h0060
http://refhub.elsevier.com/S0168-583X(17)30062-9/h0060
http://refhub.elsevier.com/S0168-583X(17)30062-9/h0060
http://refhub.elsevier.com/S0168-583X(17)30062-9/h0065
http://refhub.elsevier.com/S0168-583X(17)30062-9/h0065
http://refhub.elsevier.com/S0168-583X(17)30062-9/h0070
http://refhub.elsevier.com/S0168-583X(17)30062-9/h0070
http://refhub.elsevier.com/S0168-583X(17)30062-9/h0070
http://refhub.elsevier.com/S0168-583X(17)30062-9/h0070
http://refhub.elsevier.com/S0168-583X(17)30062-9/h0070
http://refhub.elsevier.com/S0168-583X(17)30062-9/h0075
http://refhub.elsevier.com/S0168-583X(17)30062-9/h0075
http://refhub.elsevier.com/S0168-583X(17)30062-9/h0080
http://refhub.elsevier.com/S0168-583X(17)30062-9/h0080
http://refhub.elsevier.com/S0168-583X(17)30062-9/h0080
http://refhub.elsevier.com/S0168-583X(17)30062-9/h0080
http://refhub.elsevier.com/S0168-583X(17)30062-9/h0085
http://refhub.elsevier.com/S0168-583X(17)30062-9/h0085
http://refhub.elsevier.com/S0168-583X(17)30062-9/h0085
http://refhub.elsevier.com/S0168-583X(17)30062-9/h0090
http://refhub.elsevier.com/S0168-583X(17)30062-9/h0090
http://refhub.elsevier.com/S0168-583X(17)30062-9/h0090
http://refhub.elsevier.com/S0168-583X(17)30062-9/h0090
http://refhub.elsevier.com/S0168-583X(17)30062-9/h0095
http://refhub.elsevier.com/S0168-583X(17)30062-9/h0095
http://refhub.elsevier.com/S0168-583X(17)30062-9/h0095
http://refhub.elsevier.com/S0168-583X(17)30062-9/h0095
http://refhub.elsevier.com/S0168-583X(17)30062-9/h0095
http://refhub.elsevier.com/S0168-583X(17)30062-9/h0095
http://refhub.elsevier.com/S0168-583X(17)30062-9/h0100
http://refhub.elsevier.com/S0168-583X(17)30062-9/h0100
http://refhub.elsevier.com/S0168-583X(17)30062-9/h0100
http://refhub.elsevier.com/S0168-583X(17)30062-9/h0100
http://refhub.elsevier.com/S0168-583X(17)30062-9/h0100
http://refhub.elsevier.com/S0168-583X(17)30062-9/h0100
http://refhub.elsevier.com/S0168-583X(17)30062-9/h0100
http://refhub.elsevier.com/S0168-583X(17)30062-9/h0100
http://refhub.elsevier.com/S0168-583X(17)30062-9/h0100
http://refhub.elsevier.com/S0168-583X(17)30062-9/h0100
http://refhub.elsevier.com/S0168-583X(17)30062-9/h0105
http://refhub.elsevier.com/S0168-583X(17)30062-9/h0105
http://refhub.elsevier.com/S0168-583X(17)30062-9/h0110
http://refhub.elsevier.com/S0168-583X(17)30062-9/h0110
http://refhub.elsevier.com/S0168-583X(17)30062-9/h0115
http://refhub.elsevier.com/S0168-583X(17)30062-9/h0115
http://refhub.elsevier.com/S0168-583X(17)30062-9/h0115
http://refhub.elsevier.com/S0168-583X(17)30062-9/h0120
http://refhub.elsevier.com/S0168-583X(17)30062-9/h0120
http://refhub.elsevier.com/S0168-583X(17)30062-9/h0120
http://refhub.elsevier.com/S0168-583X(17)30062-9/h0125
http://refhub.elsevier.com/S0168-583X(17)30062-9/h0125
http://refhub.elsevier.com/S0168-583X(17)30062-9/h0125
http://refhub.elsevier.com/S0168-583X(17)30062-9/h0125
http://dx.doi.org/10.1016/j.nimb.2017.01.047

	Cross sections of X-ray production induced by C and Si ions with energies up to 1MeV/u on Ti, Fe, Zn, Nb, Ru and Ta
	1 Introduction
	2 Experimental Set-up
	3 Differential cross sections
	4 Conclusions
	Acknowledgments
	References


