——----Is(dtﬁplc transparency in central Xe+Sn coiilsalofr\" ’:‘1

Ll G
Phys. Lett. B 868 (2025) 139749

Contents lists available at ScienceDirect

PHYSICS LETTERS B

Physics Letters B

journal homepage: www.elsevier.com/locate/physletb

Letter
: : . L)
Isotopic transparency in central Xe+Sn collisions at 100 MeV/nucleon ot

A. Le Févre®»~*, A. Chbihi ™", Q. Fable®“"~, T. Génard >, J. Lukasik >~ , W. Trautmann® ",
K. Turz6*> ", R. Bougault® ", S. Hudan® ", O. Lopez®~, W.F.J. Miiller>~, C. Schwarz® ",
C. Sfienti> ", G. Verde®™™, M. Vigilante >~ , B. Zwieglifiski >

2 GSI Helmholtzzentrum fiir Schwerionenforschung GmbH, D-64291 Darmstadt, Germany

® GANIL, CEA et IN2P3-CNRS, F-14076 Caen, France

¢ Laboratoire des 2 Infinis - Toulouse (L2IT-IN2P3), Université de Toulouse, CNRS, UPS, F-31062 Toulouse Cedex 9, France
d H. Niewodniczariski Institute of Nuclear Physics, P-31342 Krakéw, Poland

¢ Université de Caen Normandie, ENSICAEN, CNRS/IN2P3, LPC Caen UMR6534, F-14000 Caen, France

f Department of Chemistry and Center for Exploration of Energy and Matter, Indiana University, Bloomington, IN 47408, USA
& Institute of Nuclear Physics, Johannes Gutenberg University, D-55099 Mainz, Germany

b INFN Catania, Italy

! Dipartimento di Scienze Fisiche e Sezione INFN, Univ. Federico II, I-80126 Napoli, Italy

i National Centre for Nuclear Research, PL-02093 Warsaw, Poland

Work supported by the European Community under contract No. ERBFMGECT950083

ESI and by the French-German Collaboration Agreement 03-45 between IN2P3-DSM/CEA and GSI.

\ﬁ HELMHOLTZ
| ASSOCIATION




—--“Isetopic transparency in central Xe+Sn collisions ~ =
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Motivations
~ Can we quantify the stopping power of nuclear matter in heavy-ion collisions?
Is there a decoupling of kinetic vs chemical transparency?
|s there a general trend?
© Are there anomalies?
© Must be model independent.

(

(

,

Hard constraint for transport (Pauli-blocking, oy, Ej,,,, isospin diffusion, ...)
and clustering models.

Our tool: cross-bombardements with various neutrons enrichments
124,129 e+112,1245n at 100 A.MeV central collisions (b/b,, . ~ 0.1),
measured by the 41 detector INDRA @ GSI Darmstadt
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System N/Zz |M, E;,MeV)
124Xe+1128n 1.270 50 1463

129%e+1128n 1.318 50 1455

124Xe+1%*sn 1.385 50 1465

129%e+12Sn 1.433 |49 1451
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1% of the recorded reaction cross sections
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Formation of composite systems with longitudinally
elongated momentum distributions = a general feature

of central heavy-ion collisions at intermediate energies
K. Zbiri, et al., Phys. Rev. C 75 (2007) 034612.

G. Lehaut, et al., Phys. Rev. Lett. 104 (2010) 232701.

A. Le Févre, et al., Nucl. Phys. A 735 (2004) 219.

A. Le Fevre, et al., Phys. Lett. B 659 (2008) 807.

IS f F. Rami, et al., Phys. Rev. Lett. 84 (2000) 1120.
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— =~ How to calibrate the chemical transparency? - ’q ~
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YZ,N)xexp(aN+ pZ);, a = ’M_Y’f;ﬂ =7p

Yield ratio of isotopes (same 2Z):
Y(A] ’ Z)

@(A;, Z) = internal partition function
A, =A,+ AN

AB = B, — B,

U, (neutrons) and Ky (protons)

guarantee the conservation of the mean
mass and charge of the disassembling
system within a given volume and

thus are functions of its N/ Z ratio

(full mixing assumption)

*. A.Z. Mekjian, Phys. Rev. C 17 (1978) 1051.
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~ Chemical and kinetic transparency is a dominant character of central Xe+Sn collisions
at 100 MeV/nucleon, and variable with respect to different isotopes.
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> Chemical and kinetic transparency is a dominant character of central Xe+Sn collisions
at 100 MeV/nucleon, and variable with respect to different isotopes.

o 124129%0 1 112,124 Gy reactions allowed to cover a N/Z interval from 1.27 to 1.43, large
enough to observe significant variations of the measured yield ratios of isotopically

resolved reaction products with mass numbers A < 10.
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© Chemical and kinetic transparency is a dominant character of central Xe+Sn collisions
at 100 MeV/nucleon, and variable with respect to different isotopes.

124.129% ¢ +112.124 Gy reactions allowed to cover a N/Z interval from 1.27 to 1.43, large
enough to observe significant variations of the measured yield ratios of isotopically

resolved reaction products with mass numbers A < 10.
Sideward emissions at polar angles 6., = 90° = 10° exhibit isotopic equilibrium.
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- Chemical and kinetic transparency is a dominant character of central Xe+Sn collisions
at 100 MeV/nucleon, and variable with respect to different isotopes.

124.129% e +112.124 §y reactions allowed to cover a N/Z interval from 1.27 to 1.43, large
enough to observe significant variations of the measured yield ratios of isotopically

resolved reaction products with mass numbers A < 10.
Sideward emissions at polar angles 6., = 90° = 10° exhibit isotopic equilibrium.

- Deviations are observed at forward angles 6., < 34° indicating a dominance of projectile
matter.
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Chemical and kinetic transparency is a dominant character of central Xe+Sn collisions
at 100 MeV/nucleon, and variable with respect to different isotopes.

124.129% e +112.124 §y reactions allowed to cover a N/Z interval from 1.27 to 1.43, large
enough to observe significant variations of the measured yield ratios of isotopically

resolved reaction products with mass numbers A < 10.
Sideward emissions at polar angles 6., = 90° = 10° exhibit isotopic equilibrium.

Deviations are observed at forward angles 0., < 34° indicating a dominance of projectile
matter.
We introduced a new method to quantify isotopic transparency r which shows that

7 increases from below 7 ~ 30 % for Z = 1,2 isotopes
to a significant value exceeding r ~ 70 % for Z = 4 isotopes.
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Chemical and kinetic transparency is a dominant character of central Xe+Sn collisions
at 100 MeV/nucleon, and variable with respect to different isotopes.

124.129% e +112.124 §y reactions allowed to cover a N/Z interval from 1.27 to 1.43, large
enough to observe significant variations of the measured yield ratios of isotopically

resolved reaction products with mass numbers A < 10.
Sideward emissions at polar angles 6., = 90° = 10° exhibit isotopic equilibrium.

Deviations are observed at forward angles 0., < 34° indicating a dominance of projectile
matter.
We introduced a new method to quantify isotopic transparency r which shows that

7 increases from below 7 ~ 30 % for Z = 1,2 isotopes
to a significant value exceeding r ~ 70 % for Z = 4 isotopes.

Isotopic transparencies are compatible with the incomplete momentum relaxation, excess
momenta in longitudinal direction being caused by the incomplete stopping of the
projectile, even in the selected highly central collisions at this energy.
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Chemical and kinetic transparency is a dominant character of central Xe+Sn collisions
at 100 MeV/nucleon, and variable with respect to different isotopes.

124.129% e +112.124 §y reactions allowed to cover a N/Z interval from 1.27 to 1.43, large
enough to observe significant variations of the measured yield ratios of isotopically

resolved reaction products with mass numbers A < 10.
Sideward emissions at polar angles 6., = 90° = 10° exhibit isotopic equilibrium.

Deviations are observed at forward angles 0., < 34° indicating a dominance of projectile
matter.
We introduced a new method to quantify isotopic transparency r which shows that

7 increases from below 7 ~ 30 % for Z = 1,2 isotopes
to a significant value exceeding r ~ 70 % for Z = 4 isotopes.

Isotopic transparencies are compatible with the incomplete momentum relaxation, excess
momenta in longitudinal direction being caused by the incomplete stopping of the
projectile, even in the selected highly central collisions at this energy.

“He production deviates from the systematic trend.

<~ The origin of o hyper-transparency is still to be understood.
Surface or corona clustering of non-interacting (spectator) parts, secondary decays?
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