
HYDRO PERSPECTIVES ON 
BES/LONGITUDINAL DYNAMICS

CHUN SHEN

June 26, 2019 Columbia University Initial Stages 2019



Chun Shen (WSU/RIKEN-BNL) Initial Stages 2019 /25

Relativistic Heavy-
ion Collisions

RHIC BES program
FAIR/NICA

QGP

Hadron Gas

01



Chun Shen (WSU/RIKEN-BNL) Initial Stages 2019 /25

C. Shen and B. Schenke, Phys. Rev. C97 (2018) 024907 

Heavy-ion collisions at RHIC BES

• Nuclei overlapping time is large at low collision energy
• Pre-equilibrium dynamics can play an important role

⌧ ⇠ 2R

�vz

vz = 0.99995c vz = 0.995c

note: total evolution time ~ 10 fm

I. A. Karpenko, P. Huovinen, H. Petersen and M. Bleicher, Phys. Rev. C91 (2015) 064901

02



Chun Shen (WSU/RIKEN-BNL) Initial Stages 2019 /25

• String based initial condition

• Transport model based 
initial condition

A. Bialas, A. Bzdak and V. Koch, 
Acta Phys. Polon. B49 (2018)
C. Shen and B. Schenke, 
Phys.Rev. C97 (2018) 024907 

tim
e

L. Du, U. Heinz and G. Vujanovic,
Nucl. Phys. A982 (2019) 407-410

I. A. Karpenko, P. Huovinen, H. Petersen and 
M. Bleicher, Phys. Rev. C91 (2015) 064901

3D dynamics beyond the Bjorken paradigm

• Color Glass Condensate 
based model
L. D. McLerran, S. Schlichting and S. Sen,
Phys. Rev. D 99, 074009 (2019)

M. Li and J. Kapusta, Phys. Rev. C 99, 014906 (2019)

• Holographic approach at 
intermediate coupling
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Baryon stopping from CGC
L. D. McLerran, S. Schlichting and S. Sen,
Phys. Rev. D 99, 074009 (2019)M. Li and J. Kapusta, Phys. Rev. C 99, 014906 (2019)
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Details about the string-based model
C. Shen and B. Schenke, Phys.Rev. C97 (2018) 024907 

t
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C. Shen and B. Schenke, Phys.Rev. C97 (2018) 024907 

t

ηs

energy density inside the string

Details about the string-based model
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C. Shen and B. Schenke, Phys.Rev. C97 (2018) 024907 

t

ηs

energy density inside the string

ηs

net baryon density and energy 
density at the string ends

Details about the string-based model
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String space-time distribution
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L. Du, U. Heinz and G. Vujanovic, Nucl. Phys. A982 (2019) 407-410
C. Shen and B. Schenke, Phys. Rev. C97 (2018) 024907 

• An extended interaction zone for the energy-momentum 
sources from the 3D collision geometry

String-like UrQMD Transport

Dynamically interweaves with hydrodynamics

p
sNN = 19.6GeV
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Hydrodynamics with sources
Energy-momentum current and net baryon density are 
fed into hydrodynamic simulation as source terms

t

@µT
µ⌫ = J⌫

source
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@µJ
µ = ⇢source

<latexit sha1_base64="rzneiuyIoSpvTFMj10sX+dwmuoI="></latexit><latexit sha1_base64="rzneiuyIoSpvTFMj10sX+dwmuoI="></latexit><latexit sha1_base64="rzneiuyIoSpvTFMj10sX+dwmuoI="></latexit><latexit sha1_base64="rzneiuyIoSpvTFMj10sX+dwmuoI="></latexit>

C. Shen and B. Schenke,
Phys. Rev. C97 (2018) 024907 

L. Du, U. Heinz and G. Vujanovic,
Nucl. Phys. A982 (2019) 407-410

z

M. Okai, K. Kawaguchi, Y. Tachibana, 
and T. Hirano, Phys. Rev. C95, 054914 (2017)
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Chun Shen (WSU/RIKEN-BNL) /25Initial Stages 2019

Hydrodynamical evolution with sources
C. Shen and B. Schenke, Phys. Rev. C97 (2018) 024907 

p
sNN = 19.6GeV

<latexit sha1_base64="/K8yCA8+Wy2xWwlMyr8gshztKHs=">AAACEnicdVDLSsNAFJ34rPUVdelmsAgKEhKRahdC0YWuSgX7gCaEyXTSDp08nJkIJeQb3Pgrblwo4taVO//GSR/g88CFwzn3cu89XsyokKb5oc3Mzs0vLBaWissrq2vr+sZmU0QJx6SBIxbxtocEYTQkDUklI+2YExR4jLS8wXnut24JFzQKr+UwJk6AeiH1KUZSSa6+b4sbLlPh2gGSfR6ktVqWwVNoVYyyfTAVL0gzc/WSaVRMq1K24G9iGeYIJTBB3dXf7W6Ek4CEEjMkRMcyY+mkiEuKGcmKdiJIjPAA9UhH0RAFRDjp6KUM7iqlC/2IqwolHKlfJ1IUCDEMPNWZ3yh+ern4l9dJpH/ipDSME0lCPF7kJwzKCOb5wC7lBEs2VARhTtWtEPcRR1iqFIsqhOmn8H/SPDQs07CujkrVs0kcBbANdsAesMAxqIJLUAcNgMEdeABP4Fm71x61F+113DqjTWa2wDdob58ErJ2u</latexit><latexit sha1_base64="/K8yCA8+Wy2xWwlMyr8gshztKHs=">AAACEnicdVDLSsNAFJ34rPUVdelmsAgKEhKRahdC0YWuSgX7gCaEyXTSDp08nJkIJeQb3Pgrblwo4taVO//GSR/g88CFwzn3cu89XsyokKb5oc3Mzs0vLBaWissrq2vr+sZmU0QJx6SBIxbxtocEYTQkDUklI+2YExR4jLS8wXnut24JFzQKr+UwJk6AeiH1KUZSSa6+b4sbLlPh2gGSfR6ktVqWwVNoVYyyfTAVL0gzc/WSaVRMq1K24G9iGeYIJTBB3dXf7W6Ek4CEEjMkRMcyY+mkiEuKGcmKdiJIjPAA9UhH0RAFRDjp6KUM7iqlC/2IqwolHKlfJ1IUCDEMPNWZ3yh+ern4l9dJpH/ipDSME0lCPF7kJwzKCOb5wC7lBEs2VARhTtWtEPcRR1iqFIsqhOmn8H/SPDQs07CujkrVs0kcBbANdsAesMAxqIJLUAcNgMEdeABP4Fm71x61F+113DqjTWa2wDdob58ErJ2u</latexit><latexit sha1_base64="/K8yCA8+Wy2xWwlMyr8gshztKHs=">AAACEnicdVDLSsNAFJ34rPUVdelmsAgKEhKRahdC0YWuSgX7gCaEyXTSDp08nJkIJeQb3Pgrblwo4taVO//GSR/g88CFwzn3cu89XsyokKb5oc3Mzs0vLBaWissrq2vr+sZmU0QJx6SBIxbxtocEYTQkDUklI+2YExR4jLS8wXnut24JFzQKr+UwJk6AeiH1KUZSSa6+b4sbLlPh2gGSfR6ktVqWwVNoVYyyfTAVL0gzc/WSaVRMq1K24G9iGeYIJTBB3dXf7W6Ek4CEEjMkRMcyY+mkiEuKGcmKdiJIjPAA9UhH0RAFRDjp6KUM7iqlC/2IqwolHKlfJ1IUCDEMPNWZ3yh+ern4l9dJpH/ipDSME0lCPF7kJwzKCOb5wC7lBEs2VARhTtWtEPcRR1iqFIsqhOmn8H/SPDQs07CujkrVs0kcBbANdsAesMAxqIJLUAcNgMEdeABP4Fm71x61F+113DqjTWa2wDdob58ErJ2u</latexit><latexit sha1_base64="/K8yCA8+Wy2xWwlMyr8gshztKHs=">AAACEnicdVDLSsNAFJ34rPUVdelmsAgKEhKRahdC0YWuSgX7gCaEyXTSDp08nJkIJeQb3Pgrblwo4taVO//GSR/g88CFwzn3cu89XsyokKb5oc3Mzs0vLBaWissrq2vr+sZmU0QJx6SBIxbxtocEYTQkDUklI+2YExR4jLS8wXnut24JFzQKr+UwJk6AeiH1KUZSSa6+b4sbLlPh2gGSfR6ktVqWwVNoVYyyfTAVL0gzc/WSaVRMq1K24G9iGeYIJTBB3dXf7W6Ek4CEEjMkRMcyY+mkiEuKGcmKdiJIjPAA9UhH0RAFRDjp6KUM7iqlC/2IqwolHKlfJ1IUCDEMPNWZ3yh+ern4l9dJpH/ipDSME0lCPF7kJwzKCOb5wC7lBEs2VARhTtWtEPcRR1iqFIsqhOmn8H/SPDQs07CujkrVs0kcBbANdsAesMAxqIJLUAcNgMEdeABP4Fm71x61F+113DqjTWa2wDdob58ErJ2u</latexit>
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Chun Shen (WSU/RIKEN-BNL) /25Initial Stages 2019

Hydrodynamical evolution with sources
C. Shen and B. Schenke, Phys. Rev. C97 (2018) 024907 

p
sNN = 19.6GeV

<latexit sha1_base64="/K8yCA8+Wy2xWwlMyr8gshztKHs=">AAACEnicdVDLSsNAFJ34rPUVdelmsAgKEhKRahdC0YWuSgX7gCaEyXTSDp08nJkIJeQb3Pgrblwo4taVO//GSR/g88CFwzn3cu89XsyokKb5oc3Mzs0vLBaWissrq2vr+sZmU0QJx6SBIxbxtocEYTQkDUklI+2YExR4jLS8wXnut24JFzQKr+UwJk6AeiH1KUZSSa6+b4sbLlPh2gGSfR6ktVqWwVNoVYyyfTAVL0gzc/WSaVRMq1K24G9iGeYIJTBB3dXf7W6Ek4CEEjMkRMcyY+mkiEuKGcmKdiJIjPAA9UhH0RAFRDjp6KUM7iqlC/2IqwolHKlfJ1IUCDEMPNWZ3yh+ern4l9dJpH/ipDSME0lCPF7kJwzKCOb5wC7lBEs2VARhTtWtEPcRR1iqFIsqhOmn8H/SPDQs07CujkrVs0kcBbANdsAesMAxqIJLUAcNgMEdeABP4Fm71x61F+113DqjTWa2wDdob58ErJ2u</latexit><latexit sha1_base64="/K8yCA8+Wy2xWwlMyr8gshztKHs=">AAACEnicdVDLSsNAFJ34rPUVdelmsAgKEhKRahdC0YWuSgX7gCaEyXTSDp08nJkIJeQb3Pgrblwo4taVO//GSR/g88CFwzn3cu89XsyokKb5oc3Mzs0vLBaWissrq2vr+sZmU0QJx6SBIxbxtocEYTQkDUklI+2YExR4jLS8wXnut24JFzQKr+UwJk6AeiH1KUZSSa6+b4sbLlPh2gGSfR6ktVqWwVNoVYyyfTAVL0gzc/WSaVRMq1K24G9iGeYIJTBB3dXf7W6Ek4CEEjMkRMcyY+mkiEuKGcmKdiJIjPAA9UhH0RAFRDjp6KUM7iqlC/2IqwolHKlfJ1IUCDEMPNWZ3yh+ern4l9dJpH/ipDSME0lCPF7kJwzKCOb5wC7lBEs2VARhTtWtEPcRR1iqFIsqhOmn8H/SPDQs07CujkrVs0kcBbANdsAesMAxqIJLUAcNgMEdeABP4Fm71x61F+113DqjTWa2wDdob58ErJ2u</latexit><latexit sha1_base64="/K8yCA8+Wy2xWwlMyr8gshztKHs=">AAACEnicdVDLSsNAFJ34rPUVdelmsAgKEhKRahdC0YWuSgX7gCaEyXTSDp08nJkIJeQb3Pgrblwo4taVO//GSR/g88CFwzn3cu89XsyokKb5oc3Mzs0vLBaWissrq2vr+sZmU0QJx6SBIxbxtocEYTQkDUklI+2YExR4jLS8wXnut24JFzQKr+UwJk6AeiH1KUZSSa6+b4sbLlPh2gGSfR6ktVqWwVNoVYyyfTAVL0gzc/WSaVRMq1K24G9iGeYIJTBB3dXf7W6Ek4CEEjMkRMcyY+mkiEuKGcmKdiJIjPAA9UhH0RAFRDjp6KUM7iqlC/2IqwolHKlfJ1IUCDEMPNWZ3yh+ern4l9dJpH/ipDSME0lCPF7kJwzKCOb5wC7lBEs2VARhTtWtEPcRR1iqFIsqhOmn8H/SPDQs07CujkrVs0kcBbANdsAesMAxqIJLUAcNgMEdeABP4Fm71x61F+113DqjTWa2wDdob58ErJ2u</latexit><latexit sha1_base64="/K8yCA8+Wy2xWwlMyr8gshztKHs=">AAACEnicdVDLSsNAFJ34rPUVdelmsAgKEhKRahdC0YWuSgX7gCaEyXTSDp08nJkIJeQb3Pgrblwo4taVO//GSR/g88CFwzn3cu89XsyokKb5oc3Mzs0vLBaWissrq2vr+sZmU0QJx6SBIxbxtocEYTQkDUklI+2YExR4jLS8wXnut24JFzQKr+UwJk6AeiH1KUZSSa6+b4sbLlPh2gGSfR6ktVqWwVNoVYyyfTAVL0gzc/WSaVRMq1K24G9iGeYIJTBB3dXf7W6Ek4CEEjMkRMcyY+mkiEuKGcmKdiJIjPAA9UhH0RAFRDjp6KUM7iqlC/2IqwolHKlfJ1IUCDEMPNWZ3yh+ern4l9dJpH/ipDSME0lCPF7kJwzKCOb5wC7lBEs2VARhTtWtEPcRR1iqFIsqhOmn8H/SPDQs07CujkrVs0kcBbANdsAesMAxqIJLUAcNgMEdeABP4Fm71x61F+113DqjTWa2wDdob58ErJ2u</latexit>
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Chun Shen (WSU/RIKEN-BNL) /25Initial Stages 2019

Hydrodynamical evolution with sources

Z

t=0.5 fm/c

X

C. Shen and B. Schenke, Phys. Rev. C97 (2018) 024907 

p
sNN = 19.6GeV

<latexit sha1_base64="/K8yCA8+Wy2xWwlMyr8gshztKHs=">AAACEnicdVDLSsNAFJ34rPUVdelmsAgKEhKRahdC0YWuSgX7gCaEyXTSDp08nJkIJeQb3Pgrblwo4taVO//GSR/g88CFwzn3cu89XsyokKb5oc3Mzs0vLBaWissrq2vr+sZmU0QJx6SBIxbxtocEYTQkDUklI+2YExR4jLS8wXnut24JFzQKr+UwJk6AeiH1KUZSSa6+b4sbLlPh2gGSfR6ktVqWwVNoVYyyfTAVL0gzc/WSaVRMq1K24G9iGeYIJTBB3dXf7W6Ek4CEEjMkRMcyY+mkiEuKGcmKdiJIjPAA9UhH0RAFRDjp6KUM7iqlC/2IqwolHKlfJ1IUCDEMPNWZ3yh+ern4l9dJpH/ipDSME0lCPF7kJwzKCOb5wC7lBEs2VARhTtWtEPcRR1iqFIsqhOmn8H/SPDQs07CujkrVs0kcBbANdsAesMAxqIJLUAcNgMEdeABP4Fm71x61F+113DqjTWa2wDdob58ErJ2u</latexit><latexit sha1_base64="/K8yCA8+Wy2xWwlMyr8gshztKHs=">AAACEnicdVDLSsNAFJ34rPUVdelmsAgKEhKRahdC0YWuSgX7gCaEyXTSDp08nJkIJeQb3Pgrblwo4taVO//GSR/g88CFwzn3cu89XsyokKb5oc3Mzs0vLBaWissrq2vr+sZmU0QJx6SBIxbxtocEYTQkDUklI+2YExR4jLS8wXnut24JFzQKr+UwJk6AeiH1KUZSSa6+b4sbLlPh2gGSfR6ktVqWwVNoVYyyfTAVL0gzc/WSaVRMq1K24G9iGeYIJTBB3dXf7W6Ek4CEEjMkRMcyY+mkiEuKGcmKdiJIjPAA9UhH0RAFRDjp6KUM7iqlC/2IqwolHKlfJ1IUCDEMPNWZ3yh+ern4l9dJpH/ipDSME0lCPF7kJwzKCOb5wC7lBEs2VARhTtWtEPcRR1iqFIsqhOmn8H/SPDQs07CujkrVs0kcBbANdsAesMAxqIJLUAcNgMEdeABP4Fm71x61F+113DqjTWa2wDdob58ErJ2u</latexit><latexit sha1_base64="/K8yCA8+Wy2xWwlMyr8gshztKHs=">AAACEnicdVDLSsNAFJ34rPUVdelmsAgKEhKRahdC0YWuSgX7gCaEyXTSDp08nJkIJeQb3Pgrblwo4taVO//GSR/g88CFwzn3cu89XsyokKb5oc3Mzs0vLBaWissrq2vr+sZmU0QJx6SBIxbxtocEYTQkDUklI+2YExR4jLS8wXnut24JFzQKr+UwJk6AeiH1KUZSSa6+b4sbLlPh2gGSfR6ktVqWwVNoVYyyfTAVL0gzc/WSaVRMq1K24G9iGeYIJTBB3dXf7W6Ek4CEEjMkRMcyY+mkiEuKGcmKdiJIjPAA9UhH0RAFRDjp6KUM7iqlC/2IqwolHKlfJ1IUCDEMPNWZ3yh+ern4l9dJpH/ipDSME0lCPF7kJwzKCOb5wC7lBEs2VARhTtWtEPcRR1iqFIsqhOmn8H/SPDQs07CujkrVs0kcBbANdsAesMAxqIJLUAcNgMEdeABP4Fm71x61F+113DqjTWa2wDdob58ErJ2u</latexit><latexit sha1_base64="/K8yCA8+Wy2xWwlMyr8gshztKHs=">AAACEnicdVDLSsNAFJ34rPUVdelmsAgKEhKRahdC0YWuSgX7gCaEyXTSDp08nJkIJeQb3Pgrblwo4taVO//GSR/g88CFwzn3cu89XsyokKb5oc3Mzs0vLBaWissrq2vr+sZmU0QJx6SBIxbxtocEYTQkDUklI+2YExR4jLS8wXnut24JFzQKr+UwJk6AeiH1KUZSSa6+b4sbLlPh2gGSfR6ktVqWwVNoVYyyfTAVL0gzc/WSaVRMq1K24G9iGeYIJTBB3dXf7W6Ek4CEEjMkRMcyY+mkiEuKGcmKdiJIjPAA9UhH0RAFRDjp6KUM7iqlC/2IqwolHKlfJ1IUCDEMPNWZ3yh+ern4l9dJpH/ipDSME0lCPF7kJwzKCOb5wC7lBEs2VARhTtWtEPcRR1iqFIsqhOmn8H/SPDQs07CujkrVs0kcBbANdsAesMAxqIJLUAcNgMEdeABP4Fm71x61F+113DqjTWa2wDdob58ErJ2u</latexit>
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Chun Shen (WSU/RIKEN-BNL) /25Initial Stages 2019

Hydrodynamical evolution with sources

Z

t=0.8 fm/c

X

C. Shen and B. Schenke, Phys. Rev. C97 (2018) 024907 

p
sNN = 19.6GeV

<latexit sha1_base64="/K8yCA8+Wy2xWwlMyr8gshztKHs=">AAACEnicdVDLSsNAFJ34rPUVdelmsAgKEhKRahdC0YWuSgX7gCaEyXTSDp08nJkIJeQb3Pgrblwo4taVO//GSR/g88CFwzn3cu89XsyokKb5oc3Mzs0vLBaWissrq2vr+sZmU0QJx6SBIxbxtocEYTQkDUklI+2YExR4jLS8wXnut24JFzQKr+UwJk6AeiH1KUZSSa6+b4sbLlPh2gGSfR6ktVqWwVNoVYyyfTAVL0gzc/WSaVRMq1K24G9iGeYIJTBB3dXf7W6Ek4CEEjMkRMcyY+mkiEuKGcmKdiJIjPAA9UhH0RAFRDjp6KUM7iqlC/2IqwolHKlfJ1IUCDEMPNWZ3yh+ern4l9dJpH/ipDSME0lCPF7kJwzKCOb5wC7lBEs2VARhTtWtEPcRR1iqFIsqhOmn8H/SPDQs07CujkrVs0kcBbANdsAesMAxqIJLUAcNgMEdeABP4Fm71x61F+113DqjTWa2wDdob58ErJ2u</latexit><latexit sha1_base64="/K8yCA8+Wy2xWwlMyr8gshztKHs=">AAACEnicdVDLSsNAFJ34rPUVdelmsAgKEhKRahdC0YWuSgX7gCaEyXTSDp08nJkIJeQb3Pgrblwo4taVO//GSR/g88CFwzn3cu89XsyokKb5oc3Mzs0vLBaWissrq2vr+sZmU0QJx6SBIxbxtocEYTQkDUklI+2YExR4jLS8wXnut24JFzQKr+UwJk6AeiH1KUZSSa6+b4sbLlPh2gGSfR6ktVqWwVNoVYyyfTAVL0gzc/WSaVRMq1K24G9iGeYIJTBB3dXf7W6Ek4CEEjMkRMcyY+mkiEuKGcmKdiJIjPAA9UhH0RAFRDjp6KUM7iqlC/2IqwolHKlfJ1IUCDEMPNWZ3yh+ern4l9dJpH/ipDSME0lCPF7kJwzKCOb5wC7lBEs2VARhTtWtEPcRR1iqFIsqhOmn8H/SPDQs07CujkrVs0kcBbANdsAesMAxqIJLUAcNgMEdeABP4Fm71x61F+113DqjTWa2wDdob58ErJ2u</latexit><latexit sha1_base64="/K8yCA8+Wy2xWwlMyr8gshztKHs=">AAACEnicdVDLSsNAFJ34rPUVdelmsAgKEhKRahdC0YWuSgX7gCaEyXTSDp08nJkIJeQb3Pgrblwo4taVO//GSR/g88CFwzn3cu89XsyokKb5oc3Mzs0vLBaWissrq2vr+sZmU0QJx6SBIxbxtocEYTQkDUklI+2YExR4jLS8wXnut24JFzQKr+UwJk6AeiH1KUZSSa6+b4sbLlPh2gGSfR6ktVqWwVNoVYyyfTAVL0gzc/WSaVRMq1K24G9iGeYIJTBB3dXf7W6Ek4CEEjMkRMcyY+mkiEuKGcmKdiJIjPAA9UhH0RAFRDjp6KUM7iqlC/2IqwolHKlfJ1IUCDEMPNWZ3yh+ern4l9dJpH/ipDSME0lCPF7kJwzKCOb5wC7lBEs2VARhTtWtEPcRR1iqFIsqhOmn8H/SPDQs07CujkrVs0kcBbANdsAesMAxqIJLUAcNgMEdeABP4Fm71x61F+113DqjTWa2wDdob58ErJ2u</latexit><latexit sha1_base64="/K8yCA8+Wy2xWwlMyr8gshztKHs=">AAACEnicdVDLSsNAFJ34rPUVdelmsAgKEhKRahdC0YWuSgX7gCaEyXTSDp08nJkIJeQb3Pgrblwo4taVO//GSR/g88CFwzn3cu89XsyokKb5oc3Mzs0vLBaWissrq2vr+sZmU0QJx6SBIxbxtocEYTQkDUklI+2YExR4jLS8wXnut24JFzQKr+UwJk6AeiH1KUZSSa6+b4sbLlPh2gGSfR6ktVqWwVNoVYyyfTAVL0gzc/WSaVRMq1K24G9iGeYIJTBB3dXf7W6Ek4CEEjMkRMcyY+mkiEuKGcmKdiJIjPAA9UhH0RAFRDjp6KUM7iqlC/2IqwolHKlfJ1IUCDEMPNWZ3yh+ern4l9dJpH/ipDSME0lCPF7kJwzKCOb5wC7lBEs2VARhTtWtEPcRR1iqFIsqhOmn8H/SPDQs07CujkrVs0kcBbANdsAesMAxqIJLUAcNgMEdeABP4Fm71x61F+113DqjTWa2wDdob58ErJ2u</latexit>
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Chun Shen (WSU/RIKEN-BNL) /25Initial Stages 2019

Hydrodynamical evolution with sources

Z

t=0.9 fm/c

X

C. Shen and B. Schenke, Phys. Rev. C97 (2018) 024907 

p
sNN = 19.6GeV

<latexit sha1_base64="/K8yCA8+Wy2xWwlMyr8gshztKHs=">AAACEnicdVDLSsNAFJ34rPUVdelmsAgKEhKRahdC0YWuSgX7gCaEyXTSDp08nJkIJeQb3Pgrblwo4taVO//GSR/g88CFwzn3cu89XsyokKb5oc3Mzs0vLBaWissrq2vr+sZmU0QJx6SBIxbxtocEYTQkDUklI+2YExR4jLS8wXnut24JFzQKr+UwJk6AeiH1KUZSSa6+b4sbLlPh2gGSfR6ktVqWwVNoVYyyfTAVL0gzc/WSaVRMq1K24G9iGeYIJTBB3dXf7W6Ek4CEEjMkRMcyY+mkiEuKGcmKdiJIjPAA9UhH0RAFRDjp6KUM7iqlC/2IqwolHKlfJ1IUCDEMPNWZ3yh+ern4l9dJpH/ipDSME0lCPF7kJwzKCOb5wC7lBEs2VARhTtWtEPcRR1iqFIsqhOmn8H/SPDQs07CujkrVs0kcBbANdsAesMAxqIJLUAcNgMEdeABP4Fm71x61F+113DqjTWa2wDdob58ErJ2u</latexit><latexit sha1_base64="/K8yCA8+Wy2xWwlMyr8gshztKHs=">AAACEnicdVDLSsNAFJ34rPUVdelmsAgKEhKRahdC0YWuSgX7gCaEyXTSDp08nJkIJeQb3Pgrblwo4taVO//GSR/g88CFwzn3cu89XsyokKb5oc3Mzs0vLBaWissrq2vr+sZmU0QJx6SBIxbxtocEYTQkDUklI+2YExR4jLS8wXnut24JFzQKr+UwJk6AeiH1KUZSSa6+b4sbLlPh2gGSfR6ktVqWwVNoVYyyfTAVL0gzc/WSaVRMq1K24G9iGeYIJTBB3dXf7W6Ek4CEEjMkRMcyY+mkiEuKGcmKdiJIjPAA9UhH0RAFRDjp6KUM7iqlC/2IqwolHKlfJ1IUCDEMPNWZ3yh+ern4l9dJpH/ipDSME0lCPF7kJwzKCOb5wC7lBEs2VARhTtWtEPcRR1iqFIsqhOmn8H/SPDQs07CujkrVs0kcBbANdsAesMAxqIJLUAcNgMEdeABP4Fm71x61F+113DqjTWa2wDdob58ErJ2u</latexit><latexit sha1_base64="/K8yCA8+Wy2xWwlMyr8gshztKHs=">AAACEnicdVDLSsNAFJ34rPUVdelmsAgKEhKRahdC0YWuSgX7gCaEyXTSDp08nJkIJeQb3Pgrblwo4taVO//GSR/g88CFwzn3cu89XsyokKb5oc3Mzs0vLBaWissrq2vr+sZmU0QJx6SBIxbxtocEYTQkDUklI+2YExR4jLS8wXnut24JFzQKr+UwJk6AeiH1KUZSSa6+b4sbLlPh2gGSfR6ktVqWwVNoVYyyfTAVL0gzc/WSaVRMq1K24G9iGeYIJTBB3dXf7W6Ek4CEEjMkRMcyY+mkiEuKGcmKdiJIjPAA9UhH0RAFRDjp6KUM7iqlC/2IqwolHKlfJ1IUCDEMPNWZ3yh+ern4l9dJpH/ipDSME0lCPF7kJwzKCOb5wC7lBEs2VARhTtWtEPcRR1iqFIsqhOmn8H/SPDQs07CujkrVs0kcBbANdsAesMAxqIJLUAcNgMEdeABP4Fm71x61F+113DqjTWa2wDdob58ErJ2u</latexit><latexit sha1_base64="/K8yCA8+Wy2xWwlMyr8gshztKHs=">AAACEnicdVDLSsNAFJ34rPUVdelmsAgKEhKRahdC0YWuSgX7gCaEyXTSDp08nJkIJeQb3Pgrblwo4taVO//GSR/g88CFwzn3cu89XsyokKb5oc3Mzs0vLBaWissrq2vr+sZmU0QJx6SBIxbxtocEYTQkDUklI+2YExR4jLS8wXnut24JFzQKr+UwJk6AeiH1KUZSSa6+b4sbLlPh2gGSfR6ktVqWwVNoVYyyfTAVL0gzc/WSaVRMq1K24G9iGeYIJTBB3dXf7W6Ek4CEEjMkRMcyY+mkiEuKGcmKdiJIjPAA9UhH0RAFRDjp6KUM7iqlC/2IqwolHKlfJ1IUCDEMPNWZ3yh+ern4l9dJpH/ipDSME0lCPF7kJwzKCOb5wC7lBEs2VARhTtWtEPcRR1iqFIsqhOmn8H/SPDQs07CujkrVs0kcBbANdsAesMAxqIJLUAcNgMEdeABP4Fm71x61F+113DqjTWa2wDdob58ErJ2u</latexit>
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Chun Shen (WSU/RIKEN-BNL) /25Initial Stages 2019

Hydrodynamical evolution with sources

Z

t=1.0 fm/c

X

C. Shen and B. Schenke, Phys. Rev. C97 (2018) 024907 

p
sNN = 19.6GeV

<latexit sha1_base64="/K8yCA8+Wy2xWwlMyr8gshztKHs=">AAACEnicdVDLSsNAFJ34rPUVdelmsAgKEhKRahdC0YWuSgX7gCaEyXTSDp08nJkIJeQb3Pgrblwo4taVO//GSR/g88CFwzn3cu89XsyokKb5oc3Mzs0vLBaWissrq2vr+sZmU0QJx6SBIxbxtocEYTQkDUklI+2YExR4jLS8wXnut24JFzQKr+UwJk6AeiH1KUZSSa6+b4sbLlPh2gGSfR6ktVqWwVNoVYyyfTAVL0gzc/WSaVRMq1K24G9iGeYIJTBB3dXf7W6Ek4CEEjMkRMcyY+mkiEuKGcmKdiJIjPAA9UhH0RAFRDjp6KUM7iqlC/2IqwolHKlfJ1IUCDEMPNWZ3yh+ern4l9dJpH/ipDSME0lCPF7kJwzKCOb5wC7lBEs2VARhTtWtEPcRR1iqFIsqhOmn8H/SPDQs07CujkrVs0kcBbANdsAesMAxqIJLUAcNgMEdeABP4Fm71x61F+113DqjTWa2wDdob58ErJ2u</latexit><latexit sha1_base64="/K8yCA8+Wy2xWwlMyr8gshztKHs=">AAACEnicdVDLSsNAFJ34rPUVdelmsAgKEhKRahdC0YWuSgX7gCaEyXTSDp08nJkIJeQb3Pgrblwo4taVO//GSR/g88CFwzn3cu89XsyokKb5oc3Mzs0vLBaWissrq2vr+sZmU0QJx6SBIxbxtocEYTQkDUklI+2YExR4jLS8wXnut24JFzQKr+UwJk6AeiH1KUZSSa6+b4sbLlPh2gGSfR6ktVqWwVNoVYyyfTAVL0gzc/WSaVRMq1K24G9iGeYIJTBB3dXf7W6Ek4CEEjMkRMcyY+mkiEuKGcmKdiJIjPAA9UhH0RAFRDjp6KUM7iqlC/2IqwolHKlfJ1IUCDEMPNWZ3yh+ern4l9dJpH/ipDSME0lCPF7kJwzKCOb5wC7lBEs2VARhTtWtEPcRR1iqFIsqhOmn8H/SPDQs07CujkrVs0kcBbANdsAesMAxqIJLUAcNgMEdeABP4Fm71x61F+113DqjTWa2wDdob58ErJ2u</latexit><latexit sha1_base64="/K8yCA8+Wy2xWwlMyr8gshztKHs=">AAACEnicdVDLSsNAFJ34rPUVdelmsAgKEhKRahdC0YWuSgX7gCaEyXTSDp08nJkIJeQb3Pgrblwo4taVO//GSR/g88CFwzn3cu89XsyokKb5oc3Mzs0vLBaWissrq2vr+sZmU0QJx6SBIxbxtocEYTQkDUklI+2YExR4jLS8wXnut24JFzQKr+UwJk6AeiH1KUZSSa6+b4sbLlPh2gGSfR6ktVqWwVNoVYyyfTAVL0gzc/WSaVRMq1K24G9iGeYIJTBB3dXf7W6Ek4CEEjMkRMcyY+mkiEuKGcmKdiJIjPAA9UhH0RAFRDjp6KUM7iqlC/2IqwolHKlfJ1IUCDEMPNWZ3yh+ern4l9dJpH/ipDSME0lCPF7kJwzKCOb5wC7lBEs2VARhTtWtEPcRR1iqFIsqhOmn8H/SPDQs07CujkrVs0kcBbANdsAesMAxqIJLUAcNgMEdeABP4Fm71x61F+113DqjTWa2wDdob58ErJ2u</latexit><latexit sha1_base64="/K8yCA8+Wy2xWwlMyr8gshztKHs=">AAACEnicdVDLSsNAFJ34rPUVdelmsAgKEhKRahdC0YWuSgX7gCaEyXTSDp08nJkIJeQb3Pgrblwo4taVO//GSR/g88CFwzn3cu89XsyokKb5oc3Mzs0vLBaWissrq2vr+sZmU0QJx6SBIxbxtocEYTQkDUklI+2YExR4jLS8wXnut24JFzQKr+UwJk6AeiH1KUZSSa6+b4sbLlPh2gGSfR6ktVqWwVNoVYyyfTAVL0gzc/WSaVRMq1K24G9iGeYIJTBB3dXf7W6Ek4CEEjMkRMcyY+mkiEuKGcmKdiJIjPAA9UhH0RAFRDjp6KUM7iqlC/2IqwolHKlfJ1IUCDEMPNWZ3yh+ern4l9dJpH/ipDSME0lCPF7kJwzKCOb5wC7lBEs2VARhTtWtEPcRR1iqFIsqhOmn8H/SPDQs07CujkrVs0kcBbANdsAesMAxqIJLUAcNgMEdeABP4Fm71x61F+113DqjTWa2wDdob58ErJ2u</latexit>
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Chun Shen (WSU/RIKEN-BNL) /25Initial Stages 2019

Hydrodynamical evolution with sources

Z

t=1.5 fm/c

X

C. Shen and B. Schenke, Phys. Rev. C97 (2018) 024907 

p
sNN = 19.6GeV

<latexit sha1_base64="/K8yCA8+Wy2xWwlMyr8gshztKHs=">AAACEnicdVDLSsNAFJ34rPUVdelmsAgKEhKRahdC0YWuSgX7gCaEyXTSDp08nJkIJeQb3Pgrblwo4taVO//GSR/g88CFwzn3cu89XsyokKb5oc3Mzs0vLBaWissrq2vr+sZmU0QJx6SBIxbxtocEYTQkDUklI+2YExR4jLS8wXnut24JFzQKr+UwJk6AeiH1KUZSSa6+b4sbLlPh2gGSfR6ktVqWwVNoVYyyfTAVL0gzc/WSaVRMq1K24G9iGeYIJTBB3dXf7W6Ek4CEEjMkRMcyY+mkiEuKGcmKdiJIjPAA9UhH0RAFRDjp6KUM7iqlC/2IqwolHKlfJ1IUCDEMPNWZ3yh+ern4l9dJpH/ipDSME0lCPF7kJwzKCOb5wC7lBEs2VARhTtWtEPcRR1iqFIsqhOmn8H/SPDQs07CujkrVs0kcBbANdsAesMAxqIJLUAcNgMEdeABP4Fm71x61F+113DqjTWa2wDdob58ErJ2u</latexit><latexit sha1_base64="/K8yCA8+Wy2xWwlMyr8gshztKHs=">AAACEnicdVDLSsNAFJ34rPUVdelmsAgKEhKRahdC0YWuSgX7gCaEyXTSDp08nJkIJeQb3Pgrblwo4taVO//GSR/g88CFwzn3cu89XsyokKb5oc3Mzs0vLBaWissrq2vr+sZmU0QJx6SBIxbxtocEYTQkDUklI+2YExR4jLS8wXnut24JFzQKr+UwJk6AeiH1KUZSSa6+b4sbLlPh2gGSfR6ktVqWwVNoVYyyfTAVL0gzc/WSaVRMq1K24G9iGeYIJTBB3dXf7W6Ek4CEEjMkRMcyY+mkiEuKGcmKdiJIjPAA9UhH0RAFRDjp6KUM7iqlC/2IqwolHKlfJ1IUCDEMPNWZ3yh+ern4l9dJpH/ipDSME0lCPF7kJwzKCOb5wC7lBEs2VARhTtWtEPcRR1iqFIsqhOmn8H/SPDQs07CujkrVs0kcBbANdsAesMAxqIJLUAcNgMEdeABP4Fm71x61F+113DqjTWa2wDdob58ErJ2u</latexit><latexit sha1_base64="/K8yCA8+Wy2xWwlMyr8gshztKHs=">AAACEnicdVDLSsNAFJ34rPUVdelmsAgKEhKRahdC0YWuSgX7gCaEyXTSDp08nJkIJeQb3Pgrblwo4taVO//GSR/g88CFwzn3cu89XsyokKb5oc3Mzs0vLBaWissrq2vr+sZmU0QJx6SBIxbxtocEYTQkDUklI+2YExR4jLS8wXnut24JFzQKr+UwJk6AeiH1KUZSSa6+b4sbLlPh2gGSfR6ktVqWwVNoVYyyfTAVL0gzc/WSaVRMq1K24G9iGeYIJTBB3dXf7W6Ek4CEEjMkRMcyY+mkiEuKGcmKdiJIjPAA9UhH0RAFRDjp6KUM7iqlC/2IqwolHKlfJ1IUCDEMPNWZ3yh+ern4l9dJpH/ipDSME0lCPF7kJwzKCOb5wC7lBEs2VARhTtWtEPcRR1iqFIsqhOmn8H/SPDQs07CujkrVs0kcBbANdsAesMAxqIJLUAcNgMEdeABP4Fm71x61F+113DqjTWa2wDdob58ErJ2u</latexit><latexit sha1_base64="/K8yCA8+Wy2xWwlMyr8gshztKHs=">AAACEnicdVDLSsNAFJ34rPUVdelmsAgKEhKRahdC0YWuSgX7gCaEyXTSDp08nJkIJeQb3Pgrblwo4taVO//GSR/g88CFwzn3cu89XsyokKb5oc3Mzs0vLBaWissrq2vr+sZmU0QJx6SBIxbxtocEYTQkDUklI+2YExR4jLS8wXnut24JFzQKr+UwJk6AeiH1KUZSSa6+b4sbLlPh2gGSfR6ktVqWwVNoVYyyfTAVL0gzc/WSaVRMq1K24G9iGeYIJTBB3dXf7W6Ek4CEEjMkRMcyY+mkiEuKGcmKdiJIjPAA9UhH0RAFRDjp6KUM7iqlC/2IqwolHKlfJ1IUCDEMPNWZ3yh+ern4l9dJpH/ipDSME0lCPF7kJwzKCOb5wC7lBEs2VARhTtWtEPcRR1iqFIsqhOmn8H/SPDQs07CujkrVs0kcBbANdsAesMAxqIJLUAcNgMEdeABP4Fm71x61F+113DqjTWa2wDdob58ErJ2u</latexit>
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Chun Shen (WSU/RIKEN-BNL) /25Initial Stages 2019

Hydrodynamical evolution with sources

X Z

t=2.5 fm/c

C. Shen and B. Schenke, Phys. Rev. C97 (2018) 024907 

p
sNN = 19.6GeV

<latexit sha1_base64="/K8yCA8+Wy2xWwlMyr8gshztKHs=">AAACEnicdVDLSsNAFJ34rPUVdelmsAgKEhKRahdC0YWuSgX7gCaEyXTSDp08nJkIJeQb3Pgrblwo4taVO//GSR/g88CFwzn3cu89XsyokKb5oc3Mzs0vLBaWissrq2vr+sZmU0QJx6SBIxbxtocEYTQkDUklI+2YExR4jLS8wXnut24JFzQKr+UwJk6AeiH1KUZSSa6+b4sbLlPh2gGSfR6ktVqWwVNoVYyyfTAVL0gzc/WSaVRMq1K24G9iGeYIJTBB3dXf7W6Ek4CEEjMkRMcyY+mkiEuKGcmKdiJIjPAA9UhH0RAFRDjp6KUM7iqlC/2IqwolHKlfJ1IUCDEMPNWZ3yh+ern4l9dJpH/ipDSME0lCPF7kJwzKCOb5wC7lBEs2VARhTtWtEPcRR1iqFIsqhOmn8H/SPDQs07CujkrVs0kcBbANdsAesMAxqIJLUAcNgMEdeABP4Fm71x61F+113DqjTWa2wDdob58ErJ2u</latexit><latexit sha1_base64="/K8yCA8+Wy2xWwlMyr8gshztKHs=">AAACEnicdVDLSsNAFJ34rPUVdelmsAgKEhKRahdC0YWuSgX7gCaEyXTSDp08nJkIJeQb3Pgrblwo4taVO//GSR/g88CFwzn3cu89XsyokKb5oc3Mzs0vLBaWissrq2vr+sZmU0QJx6SBIxbxtocEYTQkDUklI+2YExR4jLS8wXnut24JFzQKr+UwJk6AeiH1KUZSSa6+b4sbLlPh2gGSfR6ktVqWwVNoVYyyfTAVL0gzc/WSaVRMq1K24G9iGeYIJTBB3dXf7W6Ek4CEEjMkRMcyY+mkiEuKGcmKdiJIjPAA9UhH0RAFRDjp6KUM7iqlC/2IqwolHKlfJ1IUCDEMPNWZ3yh+ern4l9dJpH/ipDSME0lCPF7kJwzKCOb5wC7lBEs2VARhTtWtEPcRR1iqFIsqhOmn8H/SPDQs07CujkrVs0kcBbANdsAesMAxqIJLUAcNgMEdeABP4Fm71x61F+113DqjTWa2wDdob58ErJ2u</latexit><latexit sha1_base64="/K8yCA8+Wy2xWwlMyr8gshztKHs=">AAACEnicdVDLSsNAFJ34rPUVdelmsAgKEhKRahdC0YWuSgX7gCaEyXTSDp08nJkIJeQb3Pgrblwo4taVO//GSR/g88CFwzn3cu89XsyokKb5oc3Mzs0vLBaWissrq2vr+sZmU0QJx6SBIxbxtocEYTQkDUklI+2YExR4jLS8wXnut24JFzQKr+UwJk6AeiH1KUZSSa6+b4sbLlPh2gGSfR6ktVqWwVNoVYyyfTAVL0gzc/WSaVRMq1K24G9iGeYIJTBB3dXf7W6Ek4CEEjMkRMcyY+mkiEuKGcmKdiJIjPAA9UhH0RAFRDjp6KUM7iqlC/2IqwolHKlfJ1IUCDEMPNWZ3yh+ern4l9dJpH/ipDSME0lCPF7kJwzKCOb5wC7lBEs2VARhTtWtEPcRR1iqFIsqhOmn8H/SPDQs07CujkrVs0kcBbANdsAesMAxqIJLUAcNgMEdeABP4Fm71x61F+113DqjTWa2wDdob58ErJ2u</latexit><latexit sha1_base64="/K8yCA8+Wy2xWwlMyr8gshztKHs=">AAACEnicdVDLSsNAFJ34rPUVdelmsAgKEhKRahdC0YWuSgX7gCaEyXTSDp08nJkIJeQb3Pgrblwo4taVO//GSR/g88CFwzn3cu89XsyokKb5oc3Mzs0vLBaWissrq2vr+sZmU0QJx6SBIxbxtocEYTQkDUklI+2YExR4jLS8wXnut24JFzQKr+UwJk6AeiH1KUZSSa6+b4sbLlPh2gGSfR6ktVqWwVNoVYyyfTAVL0gzc/WSaVRMq1K24G9iGeYIJTBB3dXf7W6Ek4CEEjMkRMcyY+mkiEuKGcmKdiJIjPAA9UhH0RAFRDjp6KUM7iqlC/2IqwolHKlfJ1IUCDEMPNWZ3yh+ern4l9dJpH/ipDSME0lCPF7kJwzKCOb5wC7lBEs2VARhTtWtEPcRR1iqFIsqhOmn8H/SPDQs07CujkrVs0kcBbANdsAesMAxqIJLUAcNgMEdeABP4Fm71x61F+113DqjTWa2wDdob58ErJ2u</latexit>

09



Chun Shen (WSU/RIKEN-BNL) /25Initial Stages 2019

Hydrodynamical evolution with sources

X Z

t=3.5 fm/c

C. Shen and B. Schenke, Phys. Rev. C97 (2018) 024907 

p
sNN = 19.6GeV

<latexit sha1_base64="/K8yCA8+Wy2xWwlMyr8gshztKHs=">AAACEnicdVDLSsNAFJ34rPUVdelmsAgKEhKRahdC0YWuSgX7gCaEyXTSDp08nJkIJeQb3Pgrblwo4taVO//GSR/g88CFwzn3cu89XsyokKb5oc3Mzs0vLBaWissrq2vr+sZmU0QJx6SBIxbxtocEYTQkDUklI+2YExR4jLS8wXnut24JFzQKr+UwJk6AeiH1KUZSSa6+b4sbLlPh2gGSfR6ktVqWwVNoVYyyfTAVL0gzc/WSaVRMq1K24G9iGeYIJTBB3dXf7W6Ek4CEEjMkRMcyY+mkiEuKGcmKdiJIjPAA9UhH0RAFRDjp6KUM7iqlC/2IqwolHKlfJ1IUCDEMPNWZ3yh+ern4l9dJpH/ipDSME0lCPF7kJwzKCOb5wC7lBEs2VARhTtWtEPcRR1iqFIsqhOmn8H/SPDQs07CujkrVs0kcBbANdsAesMAxqIJLUAcNgMEdeABP4Fm71x61F+113DqjTWa2wDdob58ErJ2u</latexit><latexit sha1_base64="/K8yCA8+Wy2xWwlMyr8gshztKHs=">AAACEnicdVDLSsNAFJ34rPUVdelmsAgKEhKRahdC0YWuSgX7gCaEyXTSDp08nJkIJeQb3Pgrblwo4taVO//GSR/g88CFwzn3cu89XsyokKb5oc3Mzs0vLBaWissrq2vr+sZmU0QJx6SBIxbxtocEYTQkDUklI+2YExR4jLS8wXnut24JFzQKr+UwJk6AeiH1KUZSSa6+b4sbLlPh2gGSfR6ktVqWwVNoVYyyfTAVL0gzc/WSaVRMq1K24G9iGeYIJTBB3dXf7W6Ek4CEEjMkRMcyY+mkiEuKGcmKdiJIjPAA9UhH0RAFRDjp6KUM7iqlC/2IqwolHKlfJ1IUCDEMPNWZ3yh+ern4l9dJpH/ipDSME0lCPF7kJwzKCOb5wC7lBEs2VARhTtWtEPcRR1iqFIsqhOmn8H/SPDQs07CujkrVs0kcBbANdsAesMAxqIJLUAcNgMEdeABP4Fm71x61F+113DqjTWa2wDdob58ErJ2u</latexit><latexit sha1_base64="/K8yCA8+Wy2xWwlMyr8gshztKHs=">AAACEnicdVDLSsNAFJ34rPUVdelmsAgKEhKRahdC0YWuSgX7gCaEyXTSDp08nJkIJeQb3Pgrblwo4taVO//GSR/g88CFwzn3cu89XsyokKb5oc3Mzs0vLBaWissrq2vr+sZmU0QJx6SBIxbxtocEYTQkDUklI+2YExR4jLS8wXnut24JFzQKr+UwJk6AeiH1KUZSSa6+b4sbLlPh2gGSfR6ktVqWwVNoVYyyfTAVL0gzc/WSaVRMq1K24G9iGeYIJTBB3dXf7W6Ek4CEEjMkRMcyY+mkiEuKGcmKdiJIjPAA9UhH0RAFRDjp6KUM7iqlC/2IqwolHKlfJ1IUCDEMPNWZ3yh+ern4l9dJpH/ipDSME0lCPF7kJwzKCOb5wC7lBEs2VARhTtWtEPcRR1iqFIsqhOmn8H/SPDQs07CujkrVs0kcBbANdsAesMAxqIJLUAcNgMEdeABP4Fm71x61F+113DqjTWa2wDdob58ErJ2u</latexit><latexit sha1_base64="/K8yCA8+Wy2xWwlMyr8gshztKHs=">AAACEnicdVDLSsNAFJ34rPUVdelmsAgKEhKRahdC0YWuSgX7gCaEyXTSDp08nJkIJeQb3Pgrblwo4taVO//GSR/g88CFwzn3cu89XsyokKb5oc3Mzs0vLBaWissrq2vr+sZmU0QJx6SBIxbxtocEYTQkDUklI+2YExR4jLS8wXnut24JFzQKr+UwJk6AeiH1KUZSSa6+b4sbLlPh2gGSfR6ktVqWwVNoVYyyfTAVL0gzc/WSaVRMq1K24G9iGeYIJTBB3dXf7W6Ek4CEEjMkRMcyY+mkiEuKGcmKdiJIjPAA9UhH0RAFRDjp6KUM7iqlC/2IqwolHKlfJ1IUCDEMPNWZ3yh+ern4l9dJpH/ipDSME0lCPF7kJwzKCOb5wC7lBEs2VARhTtWtEPcRR1iqFIsqhOmn8H/SPDQs07CujkrVs0kcBbANdsAesMAxqIJLUAcNgMEdeABP4Fm71x61F+113DqjTWa2wDdob58ErJ2u</latexit>
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Chun Shen (WSU/RIKEN-BNL) /25Initial Stages 2019

Hydrodynamical evolution with sources

X Z

t=5.5 fm/c

C. Shen and B. Schenke, Phys. Rev. C97 (2018) 024907 

p
sNN = 19.6GeV

<latexit sha1_base64="/K8yCA8+Wy2xWwlMyr8gshztKHs=">AAACEnicdVDLSsNAFJ34rPUVdelmsAgKEhKRahdC0YWuSgX7gCaEyXTSDp08nJkIJeQb3Pgrblwo4taVO//GSR/g88CFwzn3cu89XsyokKb5oc3Mzs0vLBaWissrq2vr+sZmU0QJx6SBIxbxtocEYTQkDUklI+2YExR4jLS8wXnut24JFzQKr+UwJk6AeiH1KUZSSa6+b4sbLlPh2gGSfR6ktVqWwVNoVYyyfTAVL0gzc/WSaVRMq1K24G9iGeYIJTBB3dXf7W6Ek4CEEjMkRMcyY+mkiEuKGcmKdiJIjPAA9UhH0RAFRDjp6KUM7iqlC/2IqwolHKlfJ1IUCDEMPNWZ3yh+ern4l9dJpH/ipDSME0lCPF7kJwzKCOb5wC7lBEs2VARhTtWtEPcRR1iqFIsqhOmn8H/SPDQs07CujkrVs0kcBbANdsAesMAxqIJLUAcNgMEdeABP4Fm71x61F+113DqjTWa2wDdob58ErJ2u</latexit><latexit sha1_base64="/K8yCA8+Wy2xWwlMyr8gshztKHs=">AAACEnicdVDLSsNAFJ34rPUVdelmsAgKEhKRahdC0YWuSgX7gCaEyXTSDp08nJkIJeQb3Pgrblwo4taVO//GSR/g88CFwzn3cu89XsyokKb5oc3Mzs0vLBaWissrq2vr+sZmU0QJx6SBIxbxtocEYTQkDUklI+2YExR4jLS8wXnut24JFzQKr+UwJk6AeiH1KUZSSa6+b4sbLlPh2gGSfR6ktVqWwVNoVYyyfTAVL0gzc/WSaVRMq1K24G9iGeYIJTBB3dXf7W6Ek4CEEjMkRMcyY+mkiEuKGcmKdiJIjPAA9UhH0RAFRDjp6KUM7iqlC/2IqwolHKlfJ1IUCDEMPNWZ3yh+ern4l9dJpH/ipDSME0lCPF7kJwzKCOb5wC7lBEs2VARhTtWtEPcRR1iqFIsqhOmn8H/SPDQs07CujkrVs0kcBbANdsAesMAxqIJLUAcNgMEdeABP4Fm71x61F+113DqjTWa2wDdob58ErJ2u</latexit><latexit sha1_base64="/K8yCA8+Wy2xWwlMyr8gshztKHs=">AAACEnicdVDLSsNAFJ34rPUVdelmsAgKEhKRahdC0YWuSgX7gCaEyXTSDp08nJkIJeQb3Pgrblwo4taVO//GSR/g88CFwzn3cu89XsyokKb5oc3Mzs0vLBaWissrq2vr+sZmU0QJx6SBIxbxtocEYTQkDUklI+2YExR4jLS8wXnut24JFzQKr+UwJk6AeiH1KUZSSa6+b4sbLlPh2gGSfR6ktVqWwVNoVYyyfTAVL0gzc/WSaVRMq1K24G9iGeYIJTBB3dXf7W6Ek4CEEjMkRMcyY+mkiEuKGcmKdiJIjPAA9UhH0RAFRDjp6KUM7iqlC/2IqwolHKlfJ1IUCDEMPNWZ3yh+ern4l9dJpH/ipDSME0lCPF7kJwzKCOb5wC7lBEs2VARhTtWtEPcRR1iqFIsqhOmn8H/SPDQs07CujkrVs0kcBbANdsAesMAxqIJLUAcNgMEdeABP4Fm71x61F+113DqjTWa2wDdob58ErJ2u</latexit><latexit sha1_base64="/K8yCA8+Wy2xWwlMyr8gshztKHs=">AAACEnicdVDLSsNAFJ34rPUVdelmsAgKEhKRahdC0YWuSgX7gCaEyXTSDp08nJkIJeQb3Pgrblwo4taVO//GSR/g88CFwzn3cu89XsyokKb5oc3Mzs0vLBaWissrq2vr+sZmU0QJx6SBIxbxtocEYTQkDUklI+2YExR4jLS8wXnut24JFzQKr+UwJk6AeiH1KUZSSa6+b4sbLlPh2gGSfR6ktVqWwVNoVYyyfTAVL0gzc/WSaVRMq1K24G9iGeYIJTBB3dXf7W6Ek4CEEjMkRMcyY+mkiEuKGcmKdiJIjPAA9UhH0RAFRDjp6KUM7iqlC/2IqwolHKlfJ1IUCDEMPNWZ3yh+ern4l9dJpH/ipDSME0lCPF7kJwzKCOb5wC7lBEs2VARhTtWtEPcRR1iqFIsqhOmn8H/SPDQs07CujkrVs0kcBbANdsAesMAxqIJLUAcNgMEdeABP4Fm71x61F+113DqjTWa2wDdob58ErJ2u</latexit>
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Chun Shen (WSU/RIKEN-BNL) /25Initial Stages 2019

Hydrodynamical evolution with sources

X Z

t=6.5 fm/c

C. Shen and B. Schenke, Phys. Rev. C97 (2018) 024907 

p
sNN = 19.6GeV

<latexit sha1_base64="/K8yCA8+Wy2xWwlMyr8gshztKHs=">AAACEnicdVDLSsNAFJ34rPUVdelmsAgKEhKRahdC0YWuSgX7gCaEyXTSDp08nJkIJeQb3Pgrblwo4taVO//GSR/g88CFwzn3cu89XsyokKb5oc3Mzs0vLBaWissrq2vr+sZmU0QJx6SBIxbxtocEYTQkDUklI+2YExR4jLS8wXnut24JFzQKr+UwJk6AeiH1KUZSSa6+b4sbLlPh2gGSfR6ktVqWwVNoVYyyfTAVL0gzc/WSaVRMq1K24G9iGeYIJTBB3dXf7W6Ek4CEEjMkRMcyY+mkiEuKGcmKdiJIjPAA9UhH0RAFRDjp6KUM7iqlC/2IqwolHKlfJ1IUCDEMPNWZ3yh+ern4l9dJpH/ipDSME0lCPF7kJwzKCOb5wC7lBEs2VARhTtWtEPcRR1iqFIsqhOmn8H/SPDQs07CujkrVs0kcBbANdsAesMAxqIJLUAcNgMEdeABP4Fm71x61F+113DqjTWa2wDdob58ErJ2u</latexit><latexit sha1_base64="/K8yCA8+Wy2xWwlMyr8gshztKHs=">AAACEnicdVDLSsNAFJ34rPUVdelmsAgKEhKRahdC0YWuSgX7gCaEyXTSDp08nJkIJeQb3Pgrblwo4taVO//GSR/g88CFwzn3cu89XsyokKb5oc3Mzs0vLBaWissrq2vr+sZmU0QJx6SBIxbxtocEYTQkDUklI+2YExR4jLS8wXnut24JFzQKr+UwJk6AeiH1KUZSSa6+b4sbLlPh2gGSfR6ktVqWwVNoVYyyfTAVL0gzc/WSaVRMq1K24G9iGeYIJTBB3dXf7W6Ek4CEEjMkRMcyY+mkiEuKGcmKdiJIjPAA9UhH0RAFRDjp6KUM7iqlC/2IqwolHKlfJ1IUCDEMPNWZ3yh+ern4l9dJpH/ipDSME0lCPF7kJwzKCOb5wC7lBEs2VARhTtWtEPcRR1iqFIsqhOmn8H/SPDQs07CujkrVs0kcBbANdsAesMAxqIJLUAcNgMEdeABP4Fm71x61F+113DqjTWa2wDdob58ErJ2u</latexit><latexit sha1_base64="/K8yCA8+Wy2xWwlMyr8gshztKHs=">AAACEnicdVDLSsNAFJ34rPUVdelmsAgKEhKRahdC0YWuSgX7gCaEyXTSDp08nJkIJeQb3Pgrblwo4taVO//GSR/g88CFwzn3cu89XsyokKb5oc3Mzs0vLBaWissrq2vr+sZmU0QJx6SBIxbxtocEYTQkDUklI+2YExR4jLS8wXnut24JFzQKr+UwJk6AeiH1KUZSSa6+b4sbLlPh2gGSfR6ktVqWwVNoVYyyfTAVL0gzc/WSaVRMq1K24G9iGeYIJTBB3dXf7W6Ek4CEEjMkRMcyY+mkiEuKGcmKdiJIjPAA9UhH0RAFRDjp6KUM7iqlC/2IqwolHKlfJ1IUCDEMPNWZ3yh+ern4l9dJpH/ipDSME0lCPF7kJwzKCOb5wC7lBEs2VARhTtWtEPcRR1iqFIsqhOmn8H/SPDQs07CujkrVs0kcBbANdsAesMAxqIJLUAcNgMEdeABP4Fm71x61F+113DqjTWa2wDdob58ErJ2u</latexit><latexit sha1_base64="/K8yCA8+Wy2xWwlMyr8gshztKHs=">AAACEnicdVDLSsNAFJ34rPUVdelmsAgKEhKRahdC0YWuSgX7gCaEyXTSDp08nJkIJeQb3Pgrblwo4taVO//GSR/g88CFwzn3cu89XsyokKb5oc3Mzs0vLBaWissrq2vr+sZmU0QJx6SBIxbxtocEYTQkDUklI+2YExR4jLS8wXnut24JFzQKr+UwJk6AeiH1KUZSSa6+b4sbLlPh2gGSfR6ktVqWwVNoVYyyfTAVL0gzc/WSaVRMq1K24G9iGeYIJTBB3dXf7W6Ek4CEEjMkRMcyY+mkiEuKGcmKdiJIjPAA9UhH0RAFRDjp6KUM7iqlC/2IqwolHKlfJ1IUCDEMPNWZ3yh+ern4l9dJpH/ipDSME0lCPF7kJwzKCOb5wC7lBEs2VARhTtWtEPcRR1iqFIsqhOmn8H/SPDQs07CujkrVs0kcBbANdsAesMAxqIJLUAcNgMEdeABP4Fm71x61F+113DqjTWa2wDdob58ErJ2u</latexit>
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Chun Shen (WSU/RIKEN-BNL) /25Initial Stages 2019

Hydrodynamical evolution with sources

X Z

t=7.5 fm/c

C. Shen and B. Schenke, Phys. Rev. C97 (2018) 024907 

p
sNN = 19.6GeV

<latexit sha1_base64="/K8yCA8+Wy2xWwlMyr8gshztKHs=">AAACEnicdVDLSsNAFJ34rPUVdelmsAgKEhKRahdC0YWuSgX7gCaEyXTSDp08nJkIJeQb3Pgrblwo4taVO//GSR/g88CFwzn3cu89XsyokKb5oc3Mzs0vLBaWissrq2vr+sZmU0QJx6SBIxbxtocEYTQkDUklI+2YExR4jLS8wXnut24JFzQKr+UwJk6AeiH1KUZSSa6+b4sbLlPh2gGSfR6ktVqWwVNoVYyyfTAVL0gzc/WSaVRMq1K24G9iGeYIJTBB3dXf7W6Ek4CEEjMkRMcyY+mkiEuKGcmKdiJIjPAA9UhH0RAFRDjp6KUM7iqlC/2IqwolHKlfJ1IUCDEMPNWZ3yh+ern4l9dJpH/ipDSME0lCPF7kJwzKCOb5wC7lBEs2VARhTtWtEPcRR1iqFIsqhOmn8H/SPDQs07CujkrVs0kcBbANdsAesMAxqIJLUAcNgMEdeABP4Fm71x61F+113DqjTWa2wDdob58ErJ2u</latexit><latexit sha1_base64="/K8yCA8+Wy2xWwlMyr8gshztKHs=">AAACEnicdVDLSsNAFJ34rPUVdelmsAgKEhKRahdC0YWuSgX7gCaEyXTSDp08nJkIJeQb3Pgrblwo4taVO//GSR/g88CFwzn3cu89XsyokKb5oc3Mzs0vLBaWissrq2vr+sZmU0QJx6SBIxbxtocEYTQkDUklI+2YExR4jLS8wXnut24JFzQKr+UwJk6AeiH1KUZSSa6+b4sbLlPh2gGSfR6ktVqWwVNoVYyyfTAVL0gzc/WSaVRMq1K24G9iGeYIJTBB3dXf7W6Ek4CEEjMkRMcyY+mkiEuKGcmKdiJIjPAA9UhH0RAFRDjp6KUM7iqlC/2IqwolHKlfJ1IUCDEMPNWZ3yh+ern4l9dJpH/ipDSME0lCPF7kJwzKCOb5wC7lBEs2VARhTtWtEPcRR1iqFIsqhOmn8H/SPDQs07CujkrVs0kcBbANdsAesMAxqIJLUAcNgMEdeABP4Fm71x61F+113DqjTWa2wDdob58ErJ2u</latexit><latexit sha1_base64="/K8yCA8+Wy2xWwlMyr8gshztKHs=">AAACEnicdVDLSsNAFJ34rPUVdelmsAgKEhKRahdC0YWuSgX7gCaEyXTSDp08nJkIJeQb3Pgrblwo4taVO//GSR/g88CFwzn3cu89XsyokKb5oc3Mzs0vLBaWissrq2vr+sZmU0QJx6SBIxbxtocEYTQkDUklI+2YExR4jLS8wXnut24JFzQKr+UwJk6AeiH1KUZSSa6+b4sbLlPh2gGSfR6ktVqWwVNoVYyyfTAVL0gzc/WSaVRMq1K24G9iGeYIJTBB3dXf7W6Ek4CEEjMkRMcyY+mkiEuKGcmKdiJIjPAA9UhH0RAFRDjp6KUM7iqlC/2IqwolHKlfJ1IUCDEMPNWZ3yh+ern4l9dJpH/ipDSME0lCPF7kJwzKCOb5wC7lBEs2VARhTtWtEPcRR1iqFIsqhOmn8H/SPDQs07CujkrVs0kcBbANdsAesMAxqIJLUAcNgMEdeABP4Fm71x61F+113DqjTWa2wDdob58ErJ2u</latexit><latexit sha1_base64="/K8yCA8+Wy2xWwlMyr8gshztKHs=">AAACEnicdVDLSsNAFJ34rPUVdelmsAgKEhKRahdC0YWuSgX7gCaEyXTSDp08nJkIJeQb3Pgrblwo4taVO//GSR/g88CFwzn3cu89XsyokKb5oc3Mzs0vLBaWissrq2vr+sZmU0QJx6SBIxbxtocEYTQkDUklI+2YExR4jLS8wXnut24JFzQKr+UwJk6AeiH1KUZSSa6+b4sbLlPh2gGSfR6ktVqWwVNoVYyyfTAVL0gzc/WSaVRMq1K24G9iGeYIJTBB3dXf7W6Ek4CEEjMkRMcyY+mkiEuKGcmKdiJIjPAA9UhH0RAFRDjp6KUM7iqlC/2IqwolHKlfJ1IUCDEMPNWZ3yh+ern4l9dJpH/ipDSME0lCPF7kJwzKCOb5wC7lBEs2VARhTtWtEPcRR1iqFIsqhOmn8H/SPDQs07CujkrVs0kcBbANdsAesMAxqIJLUAcNgMEdeABP4Fm71x61F+113DqjTWa2wDdob58ErJ2u</latexit>
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Chun Shen (WSU/RIKEN-BNL) /25Initial Stages 2019

Hydrodynamical evolution with sources

X Z

t=9.5 fm/c

C. Shen and B. Schenke, Phys. Rev. C97 (2018) 024907 

p
sNN = 19.6GeV

<latexit sha1_base64="/K8yCA8+Wy2xWwlMyr8gshztKHs=">AAACEnicdVDLSsNAFJ34rPUVdelmsAgKEhKRahdC0YWuSgX7gCaEyXTSDp08nJkIJeQb3Pgrblwo4taVO//GSR/g88CFwzn3cu89XsyokKb5oc3Mzs0vLBaWissrq2vr+sZmU0QJx6SBIxbxtocEYTQkDUklI+2YExR4jLS8wXnut24JFzQKr+UwJk6AeiH1KUZSSa6+b4sbLlPh2gGSfR6ktVqWwVNoVYyyfTAVL0gzc/WSaVRMq1K24G9iGeYIJTBB3dXf7W6Ek4CEEjMkRMcyY+mkiEuKGcmKdiJIjPAA9UhH0RAFRDjp6KUM7iqlC/2IqwolHKlfJ1IUCDEMPNWZ3yh+ern4l9dJpH/ipDSME0lCPF7kJwzKCOb5wC7lBEs2VARhTtWtEPcRR1iqFIsqhOmn8H/SPDQs07CujkrVs0kcBbANdsAesMAxqIJLUAcNgMEdeABP4Fm71x61F+113DqjTWa2wDdob58ErJ2u</latexit><latexit sha1_base64="/K8yCA8+Wy2xWwlMyr8gshztKHs=">AAACEnicdVDLSsNAFJ34rPUVdelmsAgKEhKRahdC0YWuSgX7gCaEyXTSDp08nJkIJeQb3Pgrblwo4taVO//GSR/g88CFwzn3cu89XsyokKb5oc3Mzs0vLBaWissrq2vr+sZmU0QJx6SBIxbxtocEYTQkDUklI+2YExR4jLS8wXnut24JFzQKr+UwJk6AeiH1KUZSSa6+b4sbLlPh2gGSfR6ktVqWwVNoVYyyfTAVL0gzc/WSaVRMq1K24G9iGeYIJTBB3dXf7W6Ek4CEEjMkRMcyY+mkiEuKGcmKdiJIjPAA9UhH0RAFRDjp6KUM7iqlC/2IqwolHKlfJ1IUCDEMPNWZ3yh+ern4l9dJpH/ipDSME0lCPF7kJwzKCOb5wC7lBEs2VARhTtWtEPcRR1iqFIsqhOmn8H/SPDQs07CujkrVs0kcBbANdsAesMAxqIJLUAcNgMEdeABP4Fm71x61F+113DqjTWa2wDdob58ErJ2u</latexit><latexit sha1_base64="/K8yCA8+Wy2xWwlMyr8gshztKHs=">AAACEnicdVDLSsNAFJ34rPUVdelmsAgKEhKRahdC0YWuSgX7gCaEyXTSDp08nJkIJeQb3Pgrblwo4taVO//GSR/g88CFwzn3cu89XsyokKb5oc3Mzs0vLBaWissrq2vr+sZmU0QJx6SBIxbxtocEYTQkDUklI+2YExR4jLS8wXnut24JFzQKr+UwJk6AeiH1KUZSSa6+b4sbLlPh2gGSfR6ktVqWwVNoVYyyfTAVL0gzc/WSaVRMq1K24G9iGeYIJTBB3dXf7W6Ek4CEEjMkRMcyY+mkiEuKGcmKdiJIjPAA9UhH0RAFRDjp6KUM7iqlC/2IqwolHKlfJ1IUCDEMPNWZ3yh+ern4l9dJpH/ipDSME0lCPF7kJwzKCOb5wC7lBEs2VARhTtWtEPcRR1iqFIsqhOmn8H/SPDQs07CujkrVs0kcBbANdsAesMAxqIJLUAcNgMEdeABP4Fm71x61F+113DqjTWa2wDdob58ErJ2u</latexit><latexit sha1_base64="/K8yCA8+Wy2xWwlMyr8gshztKHs=">AAACEnicdVDLSsNAFJ34rPUVdelmsAgKEhKRahdC0YWuSgX7gCaEyXTSDp08nJkIJeQb3Pgrblwo4taVO//GSR/g88CFwzn3cu89XsyokKb5oc3Mzs0vLBaWissrq2vr+sZmU0QJx6SBIxbxtocEYTQkDUklI+2YExR4jLS8wXnut24JFzQKr+UwJk6AeiH1KUZSSa6+b4sbLlPh2gGSfR6ktVqWwVNoVYyyfTAVL0gzc/WSaVRMq1K24G9iGeYIJTBB3dXf7W6Ek4CEEjMkRMcyY+mkiEuKGcmKdiJIjPAA9UhH0RAFRDjp6KUM7iqlC/2IqwolHKlfJ1IUCDEMPNWZ3yh+ern4l9dJpH/ipDSME0lCPF7kJwzKCOb5wC7lBEs2VARhTtWtEPcRR1iqFIsqhOmn8H/SPDQs07CujkrVs0kcBbANdsAesMAxqIJLUAcNgMEdeABP4Fm71x61F+113DqjTWa2wDdob58ErJ2u</latexit>
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Chun Shen (WSU/RIKEN-BNL) /25Initial Stages 2019

Hydrodynamical evolution with sources

X Z

t=13.5 fm/c

C. Shen and B. Schenke, Phys. Rev. C97 (2018) 024907 

p
sNN = 19.6GeV

<latexit sha1_base64="/K8yCA8+Wy2xWwlMyr8gshztKHs=">AAACEnicdVDLSsNAFJ34rPUVdelmsAgKEhKRahdC0YWuSgX7gCaEyXTSDp08nJkIJeQb3Pgrblwo4taVO//GSR/g88CFwzn3cu89XsyokKb5oc3Mzs0vLBaWissrq2vr+sZmU0QJx6SBIxbxtocEYTQkDUklI+2YExR4jLS8wXnut24JFzQKr+UwJk6AeiH1KUZSSa6+b4sbLlPh2gGSfR6ktVqWwVNoVYyyfTAVL0gzc/WSaVRMq1K24G9iGeYIJTBB3dXf7W6Ek4CEEjMkRMcyY+mkiEuKGcmKdiJIjPAA9UhH0RAFRDjp6KUM7iqlC/2IqwolHKlfJ1IUCDEMPNWZ3yh+ern4l9dJpH/ipDSME0lCPF7kJwzKCOb5wC7lBEs2VARhTtWtEPcRR1iqFIsqhOmn8H/SPDQs07CujkrVs0kcBbANdsAesMAxqIJLUAcNgMEdeABP4Fm71x61F+113DqjTWa2wDdob58ErJ2u</latexit><latexit sha1_base64="/K8yCA8+Wy2xWwlMyr8gshztKHs=">AAACEnicdVDLSsNAFJ34rPUVdelmsAgKEhKRahdC0YWuSgX7gCaEyXTSDp08nJkIJeQb3Pgrblwo4taVO//GSR/g88CFwzn3cu89XsyokKb5oc3Mzs0vLBaWissrq2vr+sZmU0QJx6SBIxbxtocEYTQkDUklI+2YExR4jLS8wXnut24JFzQKr+UwJk6AeiH1KUZSSa6+b4sbLlPh2gGSfR6ktVqWwVNoVYyyfTAVL0gzc/WSaVRMq1K24G9iGeYIJTBB3dXf7W6Ek4CEEjMkRMcyY+mkiEuKGcmKdiJIjPAA9UhH0RAFRDjp6KUM7iqlC/2IqwolHKlfJ1IUCDEMPNWZ3yh+ern4l9dJpH/ipDSME0lCPF7kJwzKCOb5wC7lBEs2VARhTtWtEPcRR1iqFIsqhOmn8H/SPDQs07CujkrVs0kcBbANdsAesMAxqIJLUAcNgMEdeABP4Fm71x61F+113DqjTWa2wDdob58ErJ2u</latexit><latexit sha1_base64="/K8yCA8+Wy2xWwlMyr8gshztKHs=">AAACEnicdVDLSsNAFJ34rPUVdelmsAgKEhKRahdC0YWuSgX7gCaEyXTSDp08nJkIJeQb3Pgrblwo4taVO//GSR/g88CFwzn3cu89XsyokKb5oc3Mzs0vLBaWissrq2vr+sZmU0QJx6SBIxbxtocEYTQkDUklI+2YExR4jLS8wXnut24JFzQKr+UwJk6AeiH1KUZSSa6+b4sbLlPh2gGSfR6ktVqWwVNoVYyyfTAVL0gzc/WSaVRMq1K24G9iGeYIJTBB3dXf7W6Ek4CEEjMkRMcyY+mkiEuKGcmKdiJIjPAA9UhH0RAFRDjp6KUM7iqlC/2IqwolHKlfJ1IUCDEMPNWZ3yh+ern4l9dJpH/ipDSME0lCPF7kJwzKCOb5wC7lBEs2VARhTtWtEPcRR1iqFIsqhOmn8H/SPDQs07CujkrVs0kcBbANdsAesMAxqIJLUAcNgMEdeABP4Fm71x61F+113DqjTWa2wDdob58ErJ2u</latexit><latexit sha1_base64="/K8yCA8+Wy2xWwlMyr8gshztKHs=">AAACEnicdVDLSsNAFJ34rPUVdelmsAgKEhKRahdC0YWuSgX7gCaEyXTSDp08nJkIJeQb3Pgrblwo4taVO//GSR/g88CFwzn3cu89XsyokKb5oc3Mzs0vLBaWissrq2vr+sZmU0QJx6SBIxbxtocEYTQkDUklI+2YExR4jLS8wXnut24JFzQKr+UwJk6AeiH1KUZSSa6+b4sbLlPh2gGSfR6ktVqWwVNoVYyyfTAVL0gzc/WSaVRMq1K24G9iGeYIJTBB3dXf7W6Ek4CEEjMkRMcyY+mkiEuKGcmKdiJIjPAA9UhH0RAFRDjp6KUM7iqlC/2IqwolHKlfJ1IUCDEMPNWZ3yh+ern4l9dJpH/ipDSME0lCPF7kJwzKCOb5wC7lBEs2VARhTtWtEPcRR1iqFIsqhOmn8H/SPDQs07CujkrVs0kcBbANdsAesMAxqIJLUAcNgMEdeABP4Fm71x61F+113DqjTWa2wDdob58ErJ2u</latexit>
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Chun Shen (WSU/RIKEN-BNL) /25Initial Stages 2019

Can we see dynamical initialization in data?
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p
sNN = 19.6GeV

<latexit sha1_base64="jeQ6/33xBITUH1AS+Fwl0r7mNo4="></latexit><latexit sha1_base64="jeQ6/33xBITUH1AS+Fwl0r7mNo4="></latexit><latexit sha1_base64="jeQ6/33xBITUH1AS+Fwl0r7mNo4="></latexit><latexit sha1_base64="jeQ6/33xBITUH1AS+Fwl0r7mNo4="></latexit>
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Chun Shen (WSU/RIKEN-BNL) /25Initial Stages 2019

Transverse dynamics with sources

• Fireball lives ~2 fm longer with dynamical initialization 
compared to the instantaneous setup

• Hydrodynamic flow and its anisotropy develop slower 
with dynamical sources
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C. Shen and B. Schenke, arXiv:1807.05141 [nucl-th]

11



Chun Shen (WSU/RIKEN-BNL) /25Initial Stages 2019

• Dynamical initialization results steeper particle spectra 
and smaller v2(pT)

5-10% less radial and elliptic flow

Dynamical vs instantaneous initialization
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12
~20-40% smaller shear viscosity
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Dynamical initialization effect on EM probes
C. Gale, S. Jeon, S. McDonald, J.F. Paquet and C. Shen, arXiv:1807.09326 [nucl-th]

• Dynamical initialization results in large direct photon v2 
at high pT

A large sensitivity to the early time dynamics
13
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• The charged hadron rapidity distribution is sensitive to 
the parameterization of the baryon energy loss

Phys. Lett. B 677, 267 (2009)
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Quantify the baryon stopping
C. Shen and B. Schenke, Nucl. Phys. A982 (2019) 411-414
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Quantify the baryon stopping

Bayesian analysis is underway to quantify baryon stopping
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C. Shen and B. Schenke, Nucl. Phys. A982 (2019) 411-414

• Understand how the collision energy is converted to 
particle production
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Towards “one fluid” to rule BES
B. Schenke and C. Shen, in preparation
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• No free parameters after fit to Au+Au 200, 62.4, and 19.6 GeV
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B. Schenke and C. Shen, in preparation
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• No free parameters after fit to Au+Au 200, 62.4, and 19.6 GeV
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Effects of net baryon diffusion 

• Net baryon diffusion transports more baryon numbers to 
the mid-rapidity region
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G. Denicol, C. Gale, S. Jeon, A. Monnai, B. Schenke and C. Shen, Phys. Rev. C98, 034916 (2018)

L. Du, U. Heinz and G. Vujanovic, Nucl. Phys. A982 (2019) 407-410
M. Li and C. Shen, Phys. Rev. C98, 064908 (2018)

Not enough for high energy collisions
17
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Initial state fluctuations of baryon positions

• Allowing the initial baryon density to fluctuate to string 
junctions improves description at high collision energies

B. Schenke and C. Shen, in preparation
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baryon diffusion vs. initial fluctuations
D. Kharzeev, Phys. Lett. B 378, 238 (1996)
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B. Schenke and C. Shen, in preparation

• Centrality dependence of proton distribution need further study

Towards “one fluid” to rule BES
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QCD Equation of State at finite densities

• Lattice QCD EoS has been extended to non-zero net 
baryon, strangeness, and electric charges and 
implemented in the hydrodynamic framework

A. Monnai, B. Schenke and C. Shen, arXiv:1902.05095 [nucl-th]
J. Noronha-Hostler, P. Parotto, C. Ratti and J. M. Stafford, arXiv:1902.06723 [hep-ph]

nS = 0
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

nQ = 0.4nB
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>
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QCD Equation of State at finite densities

• Strangeness neutrality yields the fireball trajectory significantly

A. Monnai, B. Schenke and C. Shen, arXiv:1902.05095 [nucl-th]
J. Noronha-Hostler, P. Parotto, C. Ratti and J. M. Stafford, arXiv:1902.06723 [hep-ph]

nS = 0
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 by 30%!
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for baryon 
diffusion
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Sailing in the QCD phase diagram
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• The fireball trajectory and how fast it flows in the 
phase diagram are indispensable information for 
the search of the critical point
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• Rapidity scan can be a second handle to explore 
QCD phase diagram

Sailing in the QCD phase diagram
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• Rapidity scan can be a second handle to explore 
QCD phase diagram

Sailing in the QCD phase diagram
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Longitudinal fluctuations

MCGlauber
Torque + 
eccentricity 
magnitude 
fluctuations

AMPT
Fluctuations 
from string 
breaking
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Longitudinal fluctuations

• Longitudinal fluctuations imprint themselves on the event-
plane decorrelation ratios; The rn ratio decorrelates faster 
at lower energy
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arXiv:1807.05141 [nucl-th]
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Summary and Outlook

• Realistic mapping of heavy-ion collisions to the QCD 
phase diagram for the search of critical behaviors at 
RHIC BES

Quantitative characterization of Quark-Gluon Plasma 
transport properties at finite baryon density via 
Bayesian analysis

Elucidating the initial baryon stopping, hydrodynamic 
baryon diffusion, and hadronic baryon transport

• The hybrid framework of dynamical initialization for 
heavy-ion collisions at the RHIC BES energies enables

• Longitudinal decorrelation measurements at different 
collision energies set strong constrains on 
longitudinal fluctuations in heavy-ion collisions

25
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Dynamical initialization effect on EM probes
C. Gale, S. Jeon, S. McDonald, J.F. Paquet and C. Shen, arXiv:1807.09326 [nucl-th]

• Dynamical initialization results in large direct photon v2 
at high pT

13

A large sensitivity to the early time dynamics
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B. Schenke and C. Shen, in preparation

• Centrality dependence of proton distribution need further study

Towards “one fluid” to rule BES
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Dynamical initialization based on UrQMD

• A similar space-time distribution for the energy-momentum 
sources

• Contains additional fluctuations from string fragmentation

L. Du, U. Heinz and G. Vujanovic, Nucl. Phys. A982 (2019) 407-410
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Sailing in the phase diagram
0-5% AuAu@19.6 GeV

-0.5 < η < 0.5 1.0 < η < 2.0

(brightness = fluid cell volume)

• The fireball trajectory and how fast it flows in the 
phase diagram are indispensable information for the 
search of the critical point

J. Brewer, S. Mukherjee, K. Rajagopal, Y. Yin, arXiv:1804.10215



Dissipative hydrodynamics
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Transport coefficients
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Dynamical vs instantaneous initialization
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• With the same input collision energy, instantaneous 
initialization results in 10-15% smaller charged multiplicity 
at mid-rapidity at 19.6 GeV


