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Abstract

The following public note presents supplemental figures for the paper “Observation of a multiplic-
ity dependence in the pT-differential charm baryon-to-meson ratios in proton–proton collisions at√

s = 13 TeV " [1]. The production of prompt D0, D+
s , and Λ+

c hadrons, and their ratios, D+
s /D0

and Λ+
c /D0, are measured in proton–proton collisions at

√
s = 13 TeV at midrapidity (|y|< 0.5) with

the ALICE detector at the LHC. The measurements are performed as a function of the candidate
transverse momentum (pT), in intervals of charged-particle multiplicity. This note presents D0, D+

s ,
and Λ+

c invariant-mass spectra and acceptance-times-efficiency distributions in different pT and mul-
tiplicity intervals. The pT-differential yield in multiplicity intervals estimated at mid- and forward
rapidity are also shown. Finally, the charm-hadron pT-integrated yields in the visible pT range and
those extrapolated to pT > 0 are reported, as well as the D+

s /D0 and Λ+
c /D0 yield ratios as a function

of charged-particle multiplicity, together with comparison with different PYTHIA predictions.

*See Appendix A for the list of collaboration members
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Suppl. material: “Charm-hadron yield ratios vs multiplicity in pp at
√

s = 13 TeV” ALICE Collaboration

1 Invariant-mass and acceptance-times-efficiency distributions

The study presented in Ref. [1] obtains the charm-hadron raw yields (including both particles and an-
tiparticles) from binned maximum-likelihood fits to the invariant-mass distributions of D0, D+

s , and Λ+
c

candidates. Figure 1 shows a few examples of the invariant-mass spectra together with the results of
the fits for D0, D+

s , Λ+
c → pK−π+, and Λ+

c → pK0
S candidates in different transverse momentum (pT)

intervals and multiplicity event classes evaluated with the multiplicity estimator at midrapidity (Ntrkl).
More details on the fitting procedure are provided in Ref. [1–3].
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Figure 1: Invariant-mass (M) distributions of D0, D+
s , Λ+

c → pK−π+, and Λ+
c → pK0

S candidates and charge
conjugates in different pT and multiplicity intervals evaluated at midrapidity. The blue solid lines show the total
fit functions and the red dashed lines are the combinatorial-background terms. For the D0 fit, the grey dashed line
represents the combinatorial background with the contribution of the reflections, as explained in Ref. [1]. The
values of the mean (µ) and the width (σ ) of the signal peak are reported together with the signal counts (S) and the
signal-to-background ratio (S/B) in the mass interval (µ−3σ ,µ +3σ ). Only the statistical uncertainties from the
fit are reported.

The acceptance-times-efficiency distributions for the different charm hadrons are determined from sim-
ulations in each multiplicity event class (see Ref. [1] for details). In Fig. 2 the distributions as a function
of pT for prompt D0, D+

s , Λ+
c → pK−π+, and Λ+

c → pK0
S hadrons within the fiducial acceptance region

are reported for the Ntrkl multiplicity estimator.

2 Transverse-momentum-differential spectra

Figure 3 reports the pT-differential spectra of D0, D+
s , and Λ+

c hadrons for the INEL > 0 class and the
three multiplicity classes selected using the multiplicity estimator at forward rapidity (pV0M) defined
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Figure 2: Acceptance-times-efficiency for prompt D0, D+
s , Λ+

c → pK−π+, and Λ+
c → pK0

S hadrons, as a function
of pT for the multiplicity intervals evaluated at midrapidity.
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Figure 3: Transverse-momentum spectra of D0, D+
s , and Λ+

c hadrons measured in pp collisions at
√

s = 13 TeV
at midrapidity, for different multiplicity classes selected with the pV0M estimator at forward rapidity. The corre-
sponding ratios to INEL > 0 are shown in the bottom panels.

in Ref. [1]. The bottom panels present the ratios to the INEL > 0 class. The pT spectra for the Ntrkl
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Figure 4: The pT-differential spectra of Λ+
c → pK−π+ (left panel) and Λ+

c → pK0
S (right panel) baryons measured

in pp collisions at
√

s = 13 TeV at midrapidity, in different multiplicity event classes selected using the multiplicity
estimators at midrapidity (top) and forward rapidity (bottom).

estimator, as well as the strategy regarding the uncertainties on the ratio to the INEL > 0 class, are
provided in Ref. [1].

The pT-differential spectra of the prompt Λ+
c baryon in pp collisions at

√
s = 13 TeV, as reported in

Ref. [1] and Fig. 3, were derived from a weighted average of the two decay channels Λ+
c → pK−π+ and

Λ+
c → pK0

S, to obtain a more precise measurement. In Fig. 4, the spectra are shown for both of these Λ+
c

decay channels in the different event-multiplicity classes measured with the Ntrkl and pV0M multiplicity
estimators. The measurements in the two decay channels agree, for all the pT and multiplicity intervals,
within the statistical and uncorrelated systematic uncertainties, justifying the averaging used for the study
in Ref. [1].

3 Transverse-momentum-integrated yields and hadron ratios

The pT-integrated yields of the D0, D+
s , and Λ+

c hadrons were computed by integrating the pT-differential
spectra in the corresponding measured range and extrapolating them down to pT = 0 in each multiplicity
interval, using the strategy as described in Ref. [1]. The extrapolation factor for pT > 24 GeV/c was
estimated and found to be negligible. The integrated yields in the visible pT range are reported in Table 1
for the three hadrons in the INEL > 0 class and the four multiplicity intervals estimated with the Ntrkl
estimator. In Table 2 the pT-integrated yields extrapolated to the full pT range, together with the extrap-
olation factor, are reported. Figure 5 shows the pT-integrated yields in the visible and full pT range as a

4
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Table 1: The pT-integrated yields for the D0, D+
s , and Λ+

c hadrons in the visible pT range for the INEL > 0 class
and the four multiplicity intervals estimated at midrapidity with the Ntrkl estimator.

Hadron 〈dNch/dη〉 Kin. range (GeV/c) 1/Nev · dN/dy|visible pT
|y|<0.5 (×103)

D0 6.9 (INEL > 0) 1 < pT < 24 9.15±0.21(stat.)+0.71
−0.75 (syst.)

3.1 1 < pT < 24 2.50±0.10(stat.)+0.29
−0.23 (syst.)

10.5 1 < pT < 24 13.69±0.30(stat.)+1.13
−1.18 (syst.)

22.6 1 < pT < 24 34.71±1.41(stat.)+2.66
−3.69 (syst.)

37.8 1 < pT < 24 79.58±2.84(stat.)+6.93
−11.9 (syst.)

D+
s 6.9 (INEL > 0) 1 < pT < 24 1.55±0.11(stat.)+0.18

−0.19 (syst.)

3.1 2 < pT < 24 0.24±0.02(stat.)+0.04
−0.03 (syst.)

10.5 1 < pT < 24 2.37±0.19(stat.)+0.30
−0.30 (syst.)

22.6 2 < pT < 24 4.17±0.21(stat.)+0.45
−0.58 (syst.)

37.8 2 < pT < 24 9.31±0.36(stat.)+1.11
−1.71 (syst.)

Λ+
c 6.9 (INEL > 0) 1 < pT < 24 4.28±0.18(stat.)+0.39

−0.40 (syst.)

3.1 1 < pT < 12 0.90±0.08(stat.)+0.11
−0.11 (syst.)

10.5 1 < pT < 24 5.98±0.33(stat.)+0.57
−0.58 (syst.)

22.6 1 < pT < 24 19.98±1.80(stat.)+2.05
−2.11 (syst.)

37.8 1 < pT < 24 38.36±3.25(stat.)+4.21
−4.51 (syst.)

Table 2: D0, D+
s , and Λ+

c pT-integrated yields extrapolated in the full pT range for INEL > 0 and different multi-
plicity intervals at midrapidity. Extrapolation factors are also reported.

Hadron 〈dNch/dη〉 Extrap. factor 1/Nev · dN/dy|pT>0
|y|<0.5 (×103)

D0 6.9 (INEL > 0) 1.27+0.04
−0.03 11.67±0.26(stat.)+0.91

−0.96 (syst.)+0.28
−0.32 (extr.)

3.1 1.45+0.00
−0.14 3.61±0.14(stat.)+0.42

−0.34 (syst.)+0.02
−0.33 (extr.)

10.5 1.28+0.02
−0.01 17.53±0.38(stat.)+1.45

−1.51 (syst.)+0.31
−0.13 (extr.)

22.6 1.19+0.07
−0.03 41.39±1.68(stat.)+3.17

−4.40 (syst.)+2.21
−1.17 (extr.)

37.8 1.14+0.11
−0.00 91.04±3.25(stat.)+7.93

−13.6 (syst.)+8.72
−0.13 (extr.)

D+
s 6.9 (INEL > 0) 1.24+0.02

−0.08 1.92±0.13(stat.)+0.22
−0.23 (syst.)+0.03

−0.13 (extr.)

3.1 2.53+0.24
−0.03 0.60±0.04(stat.)+0.10

−0.09 (syst.)+0.06
−0.01 (extr.)

10.5 1.24+0.03
−0.05 2.95±0.23(stat.)+0.37

−0.38 (syst.)+0.07
−0.12 (extr.)

22.6 1.65+0.20
−0.00 6.88±0.34(stat.)+0.75

−0.96 (syst.)+0.83
−0.00 (extr.)

37.8 1.49+0.26
−0.07 13.83±0.53(stat.)+1.66

−2.54 (syst.)+2.45
−0.65 (extr.)

Λ+
c 6.9 (INEL > 0) 1.34+0.02

−0.10 5.72±0.24(stat.)+0.52
−0.53 (syst.)+0.08

−0.40 (extr.)

3.1 1.63+0.00
−0.34 1.47±0.13(stat.)+0.18

−0.18 (syst.)+0.00
−0.31 (extr.)

10.5 1.38+0.01
−0.18 8.26±0.46(stat.)+0.79

−0.80 (syst.)+0.08
−1.06 (extr.)

22.6 1.25+0.02
−0.06 24.88±2.24(stat.)+2.55

−2.63 (syst.)+0.57
−1.20 (extr.)

37.8 1.18+0.04
−0.05 45.22±3.83(stat.)+4.97

−5.31 (syst.)+1.76
−1.93 (extr.)

function of 〈dNch/dη〉.

Finally, the pT-integrated D+
s /D0 and Λ+

c /D0 yield ratios in the visible pT range are reported in Fig. 6 as a
function of 〈dNch/dη〉. In Fig. 7, the pT-integrated yield ratios for pT > 0 (left) and for 4< pT < 6 GeV/c
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are shown for Λ+
c /D0 (upper panels) and D+

s /D0 (lower panels), as a function of 〈dNch/dη〉. Both the
Λ+

c /D0 and the D+
s /D0 yield ratios do not show strong signs of increase with multiplicity. The results

are compared with PYTHIA predictions [4, 5] evaluated in the corresponding pT intervals. As discussed
in Ref. [1], the Λ+

c /D0 measurements disfavour the Monash prediction in the whole multiplicity range.
They also tend to be significantly below the CR-BLC Mode 2 for the highest multiplicity interval, for
both the pT-integrated and the 4 < pT < 6 GeV/c measurements. By contrast, the D+

s /D0 yield ratios are
in agreement with the four considered tunes of the PYTHIA event generator within uncertainties. The
pT-integrated yield ratios measured as a function of charged-particle multiplicity, and the yield ratios
computed in 4 < pT < 6 GeV/c are in agreement within uncertainties, for both Λ+

c /D0 and D+
s /D0

measurements.
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Figure 5: The pT-integrated yields for D0, D+
s , and Λ+

c hadrons in the visible pT range (left) and pT > 0 (right) as a
function of charged-particle multiplicity in pp collisions at

√
s= 13 TeV. Statistical and systematic uncertainties are

shown by error bars and empty boxes, respectively. The shaded boxes in the right panel represent the uncertainties
on the extrapolation procedure.
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in pp collisions at
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s = 13 TeV.
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PYTHIA predictions [4, 5] are also shown.
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A. Sevcenco67, T.J. Shaba72, A. Shabanov63, A. Shabetai115, R. Shahoyan34, W. Shaikh110, A. Shangaraev92,
A. Sharma101, H. Sharma118, M. Sharma102, N. Sharma101, S. Sharma102, U. Sharma102, A. Shatat78,
O. Sheibani125, K. Shigaki46, M. Shimomura84, S. Shirinkin93, Q. Shou40, Y. Sibiriak89, S. Siddhanta55,
T. Siemiarczuk86, T.F. Silva121, D. Silvermyr81, T. Simantathammakul116, G. Simonetti34, B. Singh106,
R. Singh87, R. Singh102, R. Singh50, V.K. Singh142, V. Singhal142, T. Sinha110, B. Sitar13, M. Sitta31,
T.B. Skaali20, G. Skorodumovs105, M. Slupecki44, N. Smirnov147, R.J.M. Snellings62, C. Soncco112, J. Song125,
A. Songmoolnak116, F. Soramel27, S. Sorensen131, I. Sputowska118, J. Stachel105, I. Stan67, P.J. Steffanic131,
S.F. Stiefelmaier105, D. Stocco115, I. Storehaug20, M.M. Storetvedt36, P. Stratmann145, S. Strazzi25,
C.P. Stylianidis91, A.A.P. Suaide121, C. Suire78, M. Sukhanov63, M. Suljic34, R. Sultanov93, V. Sumberia102,
S. Sumowidagdo51, S. Swain65, A. Szabo13, I. Szarka13, U. Tabassam14, S.F. Taghavi106, G. Taillepied136,
J. Takahashi122, G.J. Tambave21, S. Tang136,7, Z. Tang129, J.D. Tapia TakakiVII,127, M.G. Tarzila48, A. Tauro34,
G. Tejeda Muñoz45, A. Telesca34, L. Terlizzi24, C. Terrevoli125, G. Tersimonov3, S. Thakur142, D. Thomas119,
R. Tieulent137, A. Tikhonov63, A.R. Timmins125, M. Tkacik117, A. Toia68, N. Topilskaya63, M. Toppi52,
F. Torales-Acosta19, T. Tork78, A. Trifiró32,56, S. Tripathy54,69, T. Tripathy49, S. Trogolo34,27, V. Trubnikov3,
W.H. Trzaska126, T.P. Trzcinski143, A. Tumkin109, R. Turrisi57, T.S. Tveter20, K. Ullaland21, A. Uras137,
M. Urioni58,141, G.L. Usai22, M. Vala38, N. Valle28, S. Vallero59, L.V.R. van Doremalen62, M. van Leeuwen91,
P. Vande Vyvre34, D. Varga146, Z. Varga146, M. Varga-Kofarago146, M. Vasileiou85, A. Vasiliev89, O. Vázquez
Doce52,106, V. Vechernin113, A. Velure21, E. Vercellin24, S. Vergara Limón45, L. Vermunt62, R. Vértesi146,
M. Verweij62, L. Vickovic35, Z. Vilakazi132, O. Villalobos Baillie111, G. Vino53, A. Vinogradov89, T. Virgili29,
V. Vislavicius90, A. Vodopyanov75, B. Volkel34,105, M.A. Völkl105, K. Voloshin93, S.A. Voloshin144, G. Volpe33,
B. von Haller34, I. Vorobyev106, N. Vozniuk63, J. Vrláková38, B. Wagner21, C. Wang40, D. Wang40, M. Weber114,
R.J.G.V. Weelden91, A. Wegrzynek34, S.C. Wenzel34, J.P. Wessels145, J. Wiechula68, J. Wikne20, G. Wilk86,
J. Wilkinson108, G.A. Willems145, B. Windelband105, M. Winn139, W.E. Witt131, J.R. Wright119, W. Wu40,
Y. Wu129, R. Xu7, A.K. Yadav142, S. Yalcin77, Y. Yamaguchi46, K. Yamakawa46, S. Yang21, S. Yano46, Z. Yin7,
I.-K. Yoo17, J.H. Yoon61, S. Yuan21, A. Yuncu105, V. Zaccolo23, C. Zampolli34, H.J.C. Zanoli62, N. Zardoshti34,
A. Zarochentsev113, P. Závada66, N. Zaviyalov109, M. Zhalov99, B. Zhang7, S. Zhang40, X. Zhang7, Y. Zhang129,
V. Zherebchevskii113, Y. Zhi11, N. Zhigareva93, D. Zhou7, Y. Zhou90, J. Zhu108,7, Y. Zhu7, G. ZinovjevI,3,
N. Zurlo141,58

Affiliation Notes

I Deceased
II Also at: Italian National Agency for New Technologies, Energy and Sustainable Economic Development
(ENEA), Bologna, Italy
III Also at: Dipartimento DET del Politecnico di Torino, Turin, Italy
IV Also at: M.V. Lomonosov Moscow State University, D.V. Skobeltsyn Institute of Nuclear, Physics, Moscow,
Russia
V Also at: Department of Applied Physics, Aligarh Muslim University, Aligarh, India
VI Also at: Institute of Theoretical Physics, University of Wroclaw, Poland
VII Also at: University of Kansas, Lawrence, Kansas, United States

Collaboration Institutes

1 A.I. Alikhanyan National Science Laboratory (Yerevan Physics Institute) Foundation, Yerevan, Armenia
2 AGH University of Science and Technology, Cracow, Poland
3 Bogolyubov Institute for Theoretical Physics, National Academy of Sciences of Ukraine, Kiev, Ukraine

11



Suppl. material: “Charm-hadron yield ratios vs multiplicity in pp at
√

s = 13 TeV” ALICE Collaboration

4 Bose Institute, Department of Physics and Centre for Astroparticle Physics and Space Science (CAPSS),
Kolkata, India
5 Budker Institute for Nuclear Physics, Novosibirsk, Russia
6 California Polytechnic State University, San Luis Obispo, California, United States
7 Central China Normal University, Wuhan, China
8 Centro de Aplicaciones Tecnológicas y Desarrollo Nuclear (CEADEN), Havana, Cuba
9 Centro de Investigación y de Estudios Avanzados (CINVESTAV), Mexico City and Mérida, Mexico
10 Chicago State University, Chicago, Illinois, United States
11 China Institute of Atomic Energy, Beijing, China
12 Chungbuk National University, Cheongju, Republic of Korea
13 Comenius University Bratislava, Faculty of Mathematics, Physics and Informatics, Bratislava, Slovakia
14 COMSATS University Islamabad, Islamabad, Pakistan
15 Creighton University, Omaha, Nebraska, United States
16 Department of Physics, Aligarh Muslim University, Aligarh, India
17 Department of Physics, Pusan National University, Pusan, Republic of Korea
18 Department of Physics, Sejong University, Seoul, Republic of Korea
19 Department of Physics, University of California, Berkeley, California, United States
20 Department of Physics, University of Oslo, Oslo, Norway
21 Department of Physics and Technology, University of Bergen, Bergen, Norway
22 Dipartimento di Fisica dell’Università and Sezione INFN, Cagliari, Italy
23 Dipartimento di Fisica dell’Università and Sezione INFN, Trieste, Italy
24 Dipartimento di Fisica dell’Università and Sezione INFN, Turin, Italy
25 Dipartimento di Fisica e Astronomia dell’Università and Sezione INFN, Bologna, Italy
26 Dipartimento di Fisica e Astronomia dell’Università and Sezione INFN, Catania, Italy
27 Dipartimento di Fisica e Astronomia dell’Università and Sezione INFN, Padova, Italy
28 Dipartimento di Fisica e Nucleare e Teorica, Università di Pavia, Pavia, Italy
29 Dipartimento di Fisica ‘E.R. Caianiello’ dell’Università and Gruppo Collegato INFN, Salerno, Italy
30 Dipartimento DISAT del Politecnico and Sezione INFN, Turin, Italy
31 Dipartimento di Scienze e Innovazione Tecnologica dell’Università del Piemonte Orientale and INFN Sezione
di Torino, Alessandria, Italy
32 Dipartimento di Scienze MIFT, Università di Messina, Messina, Italy
33 Dipartimento Interateneo di Fisica ‘M. Merlin’ and Sezione INFN, Bari, Italy
34 European Organization for Nuclear Research (CERN), Geneva, Switzerland
35 Faculty of Electrical Engineering, Mechanical Engineering and Naval Architecture, University of Split, Split,
Croatia
36 Faculty of Engineering and Science, Western Norway University of Applied Sciences, Bergen, Norway
37 Faculty of Nuclear Sciences and Physical Engineering, Czech Technical University in Prague, Prague, Czech
Republic
38 Faculty of Science, P.J. Šafárik University, Košice, Slovakia
39 Frankfurt Institute for Advanced Studies, Johann Wolfgang Goethe-Universität Frankfurt, Frankfurt, Germany
40 Fudan University, Shanghai, China
41 Gangneung-Wonju National University, Gangneung, Republic of Korea
42 Gauhati University, Department of Physics, Guwahati, India
43 Helmholtz-Institut für Strahlen- und Kernphysik, Rheinische Friedrich-Wilhelms-Universität Bonn, Bonn,
Germany
44 Helsinki Institute of Physics (HIP), Helsinki, Finland
45 High Energy Physics Group, Universidad Autónoma de Puebla, Puebla, Mexico
46 Hiroshima University, Hiroshima, Japan
47 Hochschule Worms, Zentrum für Technologietransfer und Telekommunikation (ZTT), Worms, Germany
48 Horia Hulubei National Institute of Physics and Nuclear Engineering, Bucharest, Romania
49 Indian Institute of Technology Bombay (IIT), Mumbai, India
50 Indian Institute of Technology Indore, Indore, India
51 Indonesian Institute of Sciences, Jakarta, Indonesia
52 INFN, Laboratori Nazionali di Frascati, Frascati, Italy
53 INFN, Sezione di Bari, Bari, Italy
54 INFN, Sezione di Bologna, Bologna, Italy

12



Suppl. material: “Charm-hadron yield ratios vs multiplicity in pp at
√

s = 13 TeV” ALICE Collaboration

55 INFN, Sezione di Cagliari, Cagliari, Italy
56 INFN, Sezione di Catania, Catania, Italy
57 INFN, Sezione di Padova, Padova, Italy
58 INFN, Sezione di Pavia, Pavia, Italy
59 INFN, Sezione di Torino, Turin, Italy
60 INFN, Sezione di Trieste, Trieste, Italy
61 Inha University, Incheon, Republic of Korea
62 Institute for Gravitational and Subatomic Physics (GRASP), Utrecht University/Nikhef, Utrecht, Netherlands
63 Institute for Nuclear Research, Academy of Sciences, Moscow, Russia
64 Institute of Experimental Physics, Slovak Academy of Sciences, Košice, Slovakia
65 Institute of Physics, Homi Bhabha National Institute, Bhubaneswar, India
66 Institute of Physics of the Czech Academy of Sciences, Prague, Czech Republic
67 Institute of Space Science (ISS), Bucharest, Romania
68 Institut für Kernphysik, Johann Wolfgang Goethe-Universität Frankfurt, Frankfurt, Germany
69 Instituto de Ciencias Nucleares, Universidad Nacional Autónoma de México, Mexico City, Mexico
70 Instituto de Física, Universidade Federal do Rio Grande do Sul (UFRGS), Porto Alegre, Brazil
71 Instituto de Física, Universidad Nacional Autónoma de México, Mexico City, Mexico
72 iThemba LABS, National Research Foundation, Somerset West, South Africa
73 Jeonbuk National University, Jeonju, Republic of Korea
74 Johann-Wolfgang-Goethe Universität Frankfurt Institut für Informatik, Fachbereich Informatik und
Mathematik, Frankfurt, Germany
75 Joint Institute for Nuclear Research (JINR), Dubna, Russia
76 Korea Institute of Science and Technology Information, Daejeon, Republic of Korea
77 KTO Karatay University, Konya, Turkey
78 Laboratoire de Physique des 2 Infinis, Irène Joliot-Curie, Orsay, France
79 Laboratoire de Physique Subatomique et de Cosmologie, Université Grenoble-Alpes, CNRS-IN2P3, Grenoble,
France
80 Lawrence Berkeley National Laboratory, Berkeley, California, United States
81 Lund University Department of Physics, Division of Particle Physics, Lund, Sweden
82 Moscow Institute for Physics and Technology, Moscow, Russia
83 Nagasaki Institute of Applied Science, Nagasaki, Japan
84 Nara Women’s University (NWU), Nara, Japan
85 National and Kapodistrian University of Athens, School of Science, Department of Physics , Athens, Greece
86 National Centre for Nuclear Research, Warsaw, Poland
87 National Institute of Science Education and Research, Homi Bhabha National Institute, Jatni, India
88 National Nuclear Research Center, Baku, Azerbaijan
89 National Research Centre Kurchatov Institute, Moscow, Russia
90 Niels Bohr Institute, University of Copenhagen, Copenhagen, Denmark
91 Nikhef, National institute for subatomic physics, Amsterdam, Netherlands
92 NRC Kurchatov Institute IHEP, Protvino, Russia
93 NRC «Kurchatov»Institute - ITEP, Moscow, Russia
94 NRNU Moscow Engineering Physics Institute, Moscow, Russia
95 Nuclear Physics Group, STFC Daresbury Laboratory, Daresbury, United Kingdom
96 Nuclear Physics Institute of the Czech Academy of Sciences, Řež u Prahy, Czech Republic
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