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e Motivation: Equation-of-State

e HADES and Au+Au data at 1.23 AGeV

e Radial flow

» Via Blast-Wave analysis and pion HBT

e Directed v1, elliptic vo,
triangular vz{Wrp} flow

» Of protons, deuterons // /

&
e Quadrangular va{Wrp} flow * S\
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Motivation
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Viotivation
Heavy lon Collisions at 1.23A GeV

* High densities:
Omax = 1-300

e Moderate temperatures:
T =50-100 MeV

e Relatively long lifetime
of fireball

e Significant transverse
expansion expected

Behruz Kardan

T. Galatyuk, F. Seck, et al.: Eur.Phys.J. A52 (2016) no.5, 131
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Motivation

—nergy Dependence of Direct and Elliptic Flow
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| In-plane v2>0

short spectator
passing time
Tpassing < Texpansion
pressure gradient

out-of-plane v2<0
long spectator
passing time
Tpassing 2 Texpansion
squeeze-out



High Acceptance Di-Electron Spectrometer

e | arge acceptance
» Symmetric azimuthal coverage

» 187°-85" in polar angle

e [racking system and magnetic
Spectrometer

» 4 planes of low-mass mini-drift
chambers (MDC)

» Superconducting toroidal magnet

e Forward Wall

» Reaction plane reconstruction © Hosan
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HADES Performance

—vent

Plane

Reconstruction

e Based on hits of projectile
spectators in the Forward Wall

N
Qep = Z U
i—0
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180cm | 7.3% .-

Projectile Spectators
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Participants

Target Spectators
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HADES Performance

e Calculation of full

from sub-event Resoluti

e Based on method desc

—vent Plane Resolution
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HADES Performance

Particle identification

e Time-of-Flight (TOF and RPC)

(dE/dx)measured
(dE/dw)proton

e Energy lossinthe MDC  Zy;pc = In| ]

ZMDC dEdx

» Separation deuterons and He
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HADES Performance

Proton Spectra
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HADES Performance

Acceptance for Deuterons and Iritons

—
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Radial Flow

Transverse Momentum Spectra

EPJ Web Conf. 171 (2018) 01001

Blast-Wave model: Phys. Rev. C 48, 2462 03'_'\ -
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Radial Flow

—nergy Dependence of Freeze-out Parameters

Tkin and B 0-10%

Parameters fit well into trend of world data EPJ Web Conf. 171 (2018) 01001
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Radial Flow
HBT - Intensity Interferometry

e Hrst measurement of pion H

3

arXiv:1811.06213

iIN Au+Au collisions at 1.23 AGeV

* Rsidge: Smaller radii for higher pair
{ransverse momenta:

— Radial flow

e Accounting for Coulomb potential

— First time such
substantial difference!

Behruz Kardan
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Radial Flow

HBT - Intensity Interferometry

2000

Vio = (270)32 R% 1 Riong ~ 1300 fm?
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Directed Flow v1: Protons

ot-Dependence

Behruz Kardan
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Directed Flow v1: Deuterons

ot-Dependence

Behruz Kardan
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Directed Flow v4: Tritons

ot-Dependence
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Flliptic Flow va: Proton

ot-Dependence
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Elliptic Flow va: Deuterons

ot-Dependence

QM18, arXiv:1809.07821
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Elliptic Flow va: Tritons

ot-Dependence
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clliptic Flow vo: Light Nuclel

Nucleon Coalescence

QM18, arXiv:1809.07821
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clliptic Flow vo: Light Nuclel

Nucleon Coalescence

e Comparison of p, d, t vo at mid-rapidity

o Scalir

with r

e As expected for nucleon coalescence
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Triangular Flow vs{Wrp}

Protons and Light Nuclel

QM18, arXiv:1809.07821

>(Y) i 4 | | | l | | | I | | | | | | | | | | | | | | | i >m - | | l | | I | | I I ] I | [ I [ I | ~ >(Y) B T 1 T T l T T 1 T 1 | L | L | o | |
Re : HADES Preliminary | - HADES Preliminary - 0.151 HADES Preliminary -
0.1—* & +—¢ Au+Au 1.23 AGeV _ 0.1 . Au+Au 1.23 AGeV _ i Au+Au 1.23 AGeV _
K- ., Centrality 20-30% el N Centrality 20-30% - 01 - Centrality 20-30% 7
s e Protons - o o g . Deuterons il el Tritons -
B o - - * o ¢ - - L W i
0055 = - : — 0.05- "\ ~ . ne -
B o e : , ‘ B - @ \\. — 0.05 B ¢ ]
- o — 8\ | B i e & ¢ | SN -
i s : 7:7' 3 i i \ % | i sr-:z;’_ g :,’ : ; \\ | N ]
(] - '\5'\'-1:"_'5: """"""""" — 0 e T ... — O—------"-"t%-BEFr---+F-"==gr--------------------- —
: \ ! e, : p (GeVic) N : - - ’ -
: o - - 0.20 i
u P, (GeV/c) ‘\ o : ¢ : i : - 0.t32 - 0.40 . : _0.05 [ % 0.35 ]
_0.05— —* 0.32-0.40 o » o 1 o5l e 040-0.8 : B 05[~ =02 -
- —e— 0.40-0.48 é . w - ) n o 064-0.72 o _ B | @ |0.75 i
- e 0.64-072 .. 3§ - _ 0.80 - 0.88 o \\o + i 010 (1).5192 1.28 E
i 0.80 - 0.88 \ : . > i 0.96 - 1.04 e o /1] It 1.35 - 1.40 .
-0.1— © 096-1.04 ‘ i * $1 _0ql e 1.20-1.28 8, _ ~ [e]1.55-1.60 i}
- e 1.20-1.28 ¢ - - e 1.28-1.36 o ; - - [8]1.75-1.80 :
- - 1.36-1.44 * +: L o 136-144 : . _0_15_—|E1.75-2.00 | | | | | | |__

T T T T T T N T L | T B B SN A B R SR PP S
06 -04 -02 0 0.2 0.4 0.6 06 -04 -02 0 0.2 0.4 0.6 -08 -06 -04 02 O 02 04 06 0.8
Yem y Y em

cm

Note: v3{Wrr} w.r.t reaction plane v3{WRrp}t = ((cos3(¢p — VYgp)))
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Triangular Flow vs{Wrp}

Protons and Light Nuclel
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Note: v3{Wgrp} w.r.t reaction plane v3{Vrp} = ((cos3(p — Yrp)))
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Quadrangular Flow v4{Wrp}

Protons and Light Nuclel
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Note: v4{Wgrp} W.r.t reaction plane vis{¥rp} = ((cos4(p — Yrp)))
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HADES Performance

e High interaction rates
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