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Elementary and heavy-ion beams /s = 2.3-2.7 GeV at SIS18

+* HADES explores baryon-rich matter
+* Rare and penetrating probes
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Elementary and heavy-ion beams /s = 2.3-2.7 GeV at SIS18 4/27

+* HADES explores baryon-rich matter
+* Rare and penetrating probes
¢ Strangeness production below /sy threshold
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Elementary and heavy-ion beams /s = 2.3-2.7 GeV at SIS18 4/27

¢ HADES explores baryon-rich matter Rare probes:

+*» Rare and penetrating probes ¢ =2x104/Event in K*K-

¢ Strangeness production below /sy threshold ~1 decay in 5000 events!
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Models for strangeness production below NN threshold

O “Abundant” (multi)-strange particles demand an energy reservoir to be produced sub-threshold
Different approaches:



Models for strangeness production below NN threshold

O “Abundant” (multi)-strange particles demand an energy reservoir to be produced sub-threshold
Different approaches:

» Decays
(a) Ca+Ca, E_,=1.76 A GeV, b>9 fm (b) Ca+Ca, E,,=1.76 A GeV, b=0 fm
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Models for strangeness production below NN threshold

O “Abundant” (multi)-strange particles demand an energy reservoir to be produced sub-threshold

Different approaches:

(a) Ca+Ca,E_=1.76 A GeV, b>9 fm

» Decays

(b) Ca+Ca, E_=1.76 A GeV, b=0fm
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» Local forced thermalization
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Models for strangeness production below NN threshold

O “Abundant” (multi)-strange particles demand an energy reservoir to be produced sub-threshold
Different approaches:

» Decays
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» Local forced thermalization
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» Hagedorn states
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Models for strangeness production below NN threshold

O “Abundant” (multi)-strange particles demand an energy reservoir to be produced sub-threshold
Different approaches:

» Local forced thermalization

» Decays
107
(a) Ca+Ca, E_,=1.76 A GeV, b>9 fm (b) Ca+Ca, E,,=1.76 A GeV, b=0 fm \
N R Maximal available Mass from initial scatterings o L L L L L L 10
10 El - - =Actual Mass of N* from initial scatterings
= Mass of all N* decaying
> e z 1000
2 J
T10'E =
L] F -
8 2 100
E d
8. Z ‘
=10 F
= ! 10
5 1
= \
e I
° -2 + 1" .‘ ]
10 -~ ) \
E N P TR MR SENPRN B I S .
1.0 24 286 1.2 14 16 18 20 22 24 26 0.1
Invariant mass M [GeV]
0.01

J. Steinheimer and M. Bleicher 2017

J. Phys. Conf. Ser. 779 012017

D. Oliinychenko and H. Petersen.

Au+f5l\u_. \m:\ =3 ée\i bl— 0 I | |
- ® EiMASH + thérm
— SMASH cascade
i 4+  UrQMD hybrid
-
F 2 =
-

- t t

- -»
-
%

n © K K p A X

J.Phys. G44 (2017) no.3, 034001

Baryon resonances play a key role!
Can we directly measure resonances and their
contributions to hadron production?
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Models for strangeness production below NN threshold 6/27

In p + A collisions
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Models for strangeness production below NN threshold 6/27

In p + A collisions
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M. Zetenyi, G. Wolf
Phys.Lett. B785 (2018) 226-231

Two step process:

15t hyperon produced

2"d hyperon scatters on a nucleon
Strong influence of the angular distributions,
anisotropies
Many uncertainties in production cross-
sections of strange resonances and hyperon
nucleon-scattering cross-sections
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Au+Au collisions at y/s = 2.42 GeV 8/27
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HADES Au+Au +/s=2.42 GeV "

v “\
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» Full azimuthal coverage, 18-85° polar angle S

> Fast detector: 1.5 x 10° Au ions/s (8 kHz) \ﬁ A
» 7x10° events recorded { _




HADES Au+Au +/s5=2.42 GeV

» Full azimuthal coverage, 18-85° polar angle
> Fast detector: 1.5 x 10° Au ions/s (8 kHz)
» 7x10° events recorded

do/dNpart [mb]

» Off-line centrality selection:
» Hit/track multiplicity
» Forward Wall

-100% 6829 mb
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20-30% 690 mb (10.1%)
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HADES Au+Au +/5=2.42 GeV

» Full azimuthal coverage, 18-85° polar angle
> Fast detector: 1.5 x 10° Au ions/s (8 kHz)

» 7x10° events recorded

-100% 6829 mb Glauber MC

-10% 709 mb (10.4%) Au+Au
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-30% 690 mb (10.1%) Vs =2.42Gev
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» Off-line centrality selection:
» Hit/track multiplicity
» Forward Wall I ER
> High purity hadron detectors: N\ 200 250 300 35?«;;:??
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Centrality dependence charge pion multiplicities 10/27
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Centrality dependence charge pion multiplicities
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Charge pion multiplicities: comparison to models
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Charge pion multiplicities: comparison to models
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Strangeness measurement: K and A 12/27

HADES Collab., arXiv:1812.07304

; 400F __;4500;— I
= 300, = 35002 17
- - 510" F | | | J10"3E | |
N 508 o\ 3000 2—-«10 < 085>y _>0.75 (x 10']] 107 055>y '>045 (x 10'2)
— - ™ 2500: L, g1s[* 055>y, >-065 (x 10" » -055>y >-065 (x 10}
2 20 2 2000" > [ 1 Eleg -
S 1505 S oot P e X 14at0l Ba gy
3 o 3 1500 S b 110 2 T80 ]
c = = Yo Ny e 7 v b i -~
O 1005 O 10005_ : E;\s(‘j{)r; '“ST._‘ - — % "v,v ﬂﬁ &\AHA‘-\\‘ i 1
508 500F 10" Peas Yo e 4 L% Vg Al T ]
C'E o e S = —ﬁi‘-ﬁﬁggﬂgu STl T — P o, ‘G“ﬁih@ Ve e -]
450 500 550 1100 1150 7200 £ g\-‘vv—gi%ﬂiiﬂ::;:::;{“n; 1075, Fg, SO g T
mn++n-/ MEV/C mp+n-/ MEV/C % @zﬁﬁﬁﬂzzv‘k%"f‘%‘/‘\&‘:::L\Z:i‘:‘:% J_l".h xm%*‘%%‘{h‘rﬂlﬁ},{hﬁ‘&‘(} : "
e () 107_ dl}d'}'ﬂ’:{h "¢}~Q_‘ "}-.:-’“\71,“:"‘ ~-T = ""‘-|.L+ ‘%.% .{b"ﬂ'- “_;
S :x%%% {h.{;{h%m,mﬂ ] 4:111 oy %%%Xq}- ]
> _'I'.|.+ %X%M%{'}ﬂ’ﬁ}:‘ T ‘,h_: 10 ﬁy‘v 1“0-‘. ++H+‘ 9‘{,“ R
— + 4 * ES” LR Vg Ty *1._* i
-~ | ‘f-* ‘l‘*h X‘)(__ = = - + -+ g ]
t\é b * + -y R¥oo. T Ay Vv o )
- 10 *1 ":_ - -4 -+‘-..+‘ ] . ‘A‘t "" "'*—.‘t
~ 'S Frg, eeed Iy “A. “¥ -
= ha Yy 3 10 “mg A, v .
_II...*;‘L vy : e - A A Yoy
‘... ... “‘ A‘A-““'v?*—‘ B e [} .-- A A -A ]
1L io....]. fa ] - ¢ "my T
10_ - 9. .... ‘+ = 2_ .-._ ‘h“"‘-..‘_ N
— "‘-\_‘_‘ ‘ . 10_ - ."._‘ R
| | - h | | 1o-s

0 200 400 600‘ 8200 0 200 400 600 800
m-m,. [MeV/c?] m-m, [MeV/c?]

g.kornakov@gsi.de


http://arxiv.org/abs/arXiv:1812.07304

Strangeness measurement: K%, A, K*, K, ¢
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HADES Collab., arXiv:1812.07304

** Production in sequential nucleon-nucleon collisions
should therefore be revisi

ted.


http://arxiv.org/abs/arXiv:1812.07304

Strangeness measurement: K%, A, K*, K, ¢
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Universal scaling with A«
Production in sequential nucleon-nucleon collisions

should therefore be revisited.

7107

dN/dy]|

10

g.kornakov@gsi.de

;— o
- ¢
s
- A - Ty ©® HADES
= A L. v  E891
- FRA H NASY
- w'le 1 WA97
=@ A NA49
- 102 @ *  STAR
@ 050 05 1 15 2 25 O PHENIX
= VS - VS (G€V) ¢ ALICE
— Ll 1 Ll Ll | L1
10 10° 10°
\'Snn (GeV)


http://arxiv.org/abs/arXiv:1812.07304

. x10° | x10~° | o
EO A UrQMD ¢KData| gl —HSD full pot  ®AData _
S HSDnopot .- ~1QMD full pet~
= | I_(_:_)”l'\‘/'l_l;_).no pot 0.6- 7]
T 04 7 T
04— e e ;;,ff”é
T e s 02 o ® &
0 | | O | | |
100 200 300 100 200 300
(A, Apar
0.1:_0 A Data (0-10%) >
0.08}
j >
0.06/
L] - HSD no pot 5---- 004_ .“-I ....... >
001 - IQMD no pot . r .......
.l —HSDfullpot — HSD full pot
— ampfupet f 0.02 — 1QMD full pot
-.(E1-2-""”"'....H"""' — e —
© |
D .|I_
S 0.8
o '.'.'.E
= 06

g.kornakov@gsi.de

14/27

Yields, the centrality scaling, y and p;spectra
compared to transport models does not yet
lead to a consistent picture.

IQMD + KN repulsive potential = closest to the
data (10%)

HSD & IQMD: Kaon y distribution well described
including KN repulsive potential.

UrQMD (intermediate resonances, no potential)

describes y and p-, fails to describe the yield and

centrality scaling.
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Measuring two particle correlations in wA and AA collisions

g.kornakov@gsi.de



The iterative method

a.u.
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G.K. and T. Galatyuk, arXiv:1808.05466 [physics.data-an].

“Signal particles are used to produce the combinatorial
background together with uncorrelated particles having,
in general, different kinematics.”

Unknown signal demands:

* Iterative approach. Every signal hypothesis improves
the next reconstruction until convergence.

* Typify the properties of the combinatorial background
different from signal: internal symmetries.

* Produce the contribution of the signal particles to the
combinatorial background.
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Inclusive reconstruction: m (1.7 GeV/c)+ C 18/27
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Inclusive reconstruction: Au+Au at \/syy = 2.42 GeV
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Inclusive reconstruction: Au+Au at +/syy = 2.42 GeV 20/27
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Inclusive reconstruction: Au+Au at \/syy = 2.42 GeV 21/27
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[EOS] Phys. Rev. Lett. 79, 4345-4348 (1997), E. L. Hjort et al



Inclusive reconstruction: Au+Au at \/syy = 2.42 GeV
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Dependence of the most probable mass with pair p;



Inclusive reconstruction: Au+Au at \/syy = 2.42 GeV
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Inclusive reconstruction: Au+Au at \/syy = 2.42 GeV 24/27
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Production of charged pions from resonances: the most stmple abundant mesons 25/27
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Production of charged pions from resonances: the most stmple abundant mesons 25/27
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Production of charged pions from resonances: the most simpte abundant mesons
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Production of charged pions from resonances
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Production of charged pions from resonances
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Production of charged pions from resonances
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Production of charged pions from resonances
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Production of charged pions from resonances
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FAIR Phase-0 and beyond 26/27

O 2018 Upgrade
ECAL
MAPMT RICH (with CBM)

0 2019 -202x

Ag+Ag =2.6 GeV (March 2019)
Pion beam (energy scan)

200 kHz DAQ
Forward detector (straw tubes, PANDA)

O FAIR-SIS100

Cold matter physics (p+A)
A+A

Exclusive p+p
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summary

Strangeness in cold nuclear matter: strong absorption of K-
AuAu:

Pions; discrepancies with models, FOPI
Strangeness: universal centrality scaling, from comparison to models not a clear statement
Resonances: a new tool to look into the HIC. Many interesting features in the spectra: rapidity, pT, ...



Two-Pion Intensity Interferometry from Au+Au at \/_ = 2.42 GeV

HADES Collab., arXiv:1811.06213 [nucl-ex]
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indications for charge-sign dierences reported previously:

E866 R. A. Soltz, M. Baker, J. H. Lee, Nucl. Phys. A 661, 439c (1999)
E877 D. Miskowiec et al., Nucl. Phys. A590, 473c (1995)

opposite eect (!):

NA44 |.G. Bearden et al., Nucl. Phys. A638, 103c (1998)

First time observation of substantial
difference between positive and
negative pions!
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Existing technigues and issues of estimation
of combinatorial background

* Monte-Carlo phase-space generators

TR

Inclusive analysis in elementary reactions.
Suitable for low background environments.

* Position-swapping

-

Suitable for large number of identical particles (di-photon mass at high energies).

Not possible to generalize. Signal particles are used to generate the combinatorial background together with
uncorrelated particles having, in general, different kinematics.

e Like-sign

TR

Ideal for unlike-sign analysis (dileptons and dipions) where like-sign combinations are background.
Not possible to generalize.

* Event mixing

i -

Most common technique for inclusive signal extraction. Intuitive implementation.
Arbitrary normalization constants.
Strong influence of particle and event class selection used for mixing.

Signal particles are used to produce the combinatorial background together with uncorrelated particles
having, in general, different kinematics.



The iterative method

* Typify the properties of the combinatorial
background: internal symmetries

* Fixed target: CB is invariant under random
azimuthal rotations of individual particles.

e Collider: CB is invariant under random rotations.

e After track rotation the CB remains the same
but the signal is decorrelated!

Rotations of particles is technically intuitive
and simple.

Collective production properties as flow have to be
accounted as well!
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Py [MeV/

The iterative method

* Produce the contribution of the signal
particles to the combinatorial background.
* To produce the contribution of the signal
particles to the CB both four-momentum have
to be known.
e 8D matrix is simplified to a 4D matrix if:
* |dentified particles (fixed M,) (- 2 d.o.f.)
e Rotational production symmetry of the
mother particle (-1 d.o.f.)
* No polarization scenario: decay rotational
symmetry (- 1 d.o.f.)
* Mass — pair P, — pair Y — decay angle (Helicity,
Gottfried-Jackson.. frames) constraints
completely the kinematics of daughter

particles.
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e Multiplicity trigger 0-40%
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The iterative method

T — B -+ S Total = background plus signal

A

Let U Be the uncorrelator (rotator)

Then, B — Z/A{(B)

Then,any difference from the transformation of the
total spectrum is due to signal

T-UT)= S-U(S)
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The iterative method

Then the first iterative solution will be:

St =T~ (U(T)~U(S") - =1

total®

o b i
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Test on simulation

Validation of the method with
simulated® resonance cocktail
*|. Frohlich et al. arXiv:0708.2382 [nucl-ex]
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Test on simulation
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Test on simulation

counts

10*

10°

Not only the difference rises in the invariant mass!

The transverse momentum and the angular

distributions behave in the same fashion
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S = max{T — U(T) —U(S")),0}

Iterations
Iterations

P;< 365 MeV/c 365 - 545 MeV/c
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M, , [MeVic?] M, , [MeVic?]
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After 300 iteration signal continues to grow.
Max{ }, ignores existence of bin-to-bin
statistical fluctuations, and this creates an
artificial signal rise: “statistical rise”
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Skt — max{7T — (Z/A{(T) —Z/A{(Sk)),()}
Test on simulation
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Sk = max{T — (U(T) —U(S*)),0}
Test on simulation
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Beam size (30)
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Virtual photons from Au+Au at /s = 2.42 GeV 49/27
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Virtual photons from Au+Au at /s = 2.42 GeV

Acceptance corrected excess yield
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Exponential fall of the spectrum
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Excess yield of virtual photons from Au+Au at /s = 2.42 GeV 51/27

Strong broadening of the in-medium p
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Excess yield of virtual photons from Au+Au at /s = 2.42 GeV 51/27

Strong broadening of the in-medium p
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Coupling mechanism of the p to baryons: winduced reactions 52/27

Exclusive p = ne*e at Y s = .49 GeV
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HADES Collab. Preliminary
E. Speranza, B. Friman et al., Phys. Lett. B764 (2017) 282
Ramalho, Pena, Phys.Rev. D95 (2017) 014003

GSl: worldwide unique combination of w beams
(at low energies) with dilepton spectrometer

Access to time-like em transition FF of baryons

N
- F@) y*

/%{
p ¢=M)>0 M

First measurement demonstrates the
dominant role of intermediate p propagation
in N*—Ne'*e- transition

In accordance with strict VMD (the basis of
emissivity calculations for QCD matter)
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