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roduction & Outline

Open QCD questions

.... See e.g. workshop program, white paper(s), .....

* Phase structure of QCD at finite density
« EQOS at high densities
« Connection to neutron stars

* Formation of hadrons, hadron spectra
« Chiral symmetry
 Hadron masses in vacuum/ dense matter
 Confinement

 Formation of nuclei

« Light nuclei in HIC
* Hypernuclei
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)CD phase diagram

High T, low pg

. Crossover HADES; Nature Physics 15 (2019) 10, 1040-1045

. . 250 ~7 o
- Consistent in theory & = | Ry %
Experiment! = " Quark:gluon plasma
) i
E 200}
Lower T, high pg 2
« CEP? 2'1507_“___—“:_-#— CEP po.
« st order phase e = f”"nem@%7
transition? | <t %,
e EOS? 100_‘ <qg> Quarkyonic? $
* Properties of hadrons/ : / Atadrons
limits of existence? 500
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Borsanyi et al. [Wuppertal-Budapest Collab.], JHEP 1009 (2010) 073
Isserstedt, Buballa, Fischer, Gunkel, PRD 100 (2019) 074011

Gao, Pawlowski, PLB 820 (2021) 136584
Cuteri, Philipsen, Sciarra, JHEP 11 (2021) 141

C. Hohne, ECT™* Trento, From first-principles QCD to experiments 3



) phase diagram

C.B.M. = HADES & CBM

Experimental investigation

HADES; Nature Physics 15 (2019) 10, 1040-1045
T. Galatyuk for HADES, Nucl.Phys.A 967 (2017) 680-683

C.B.M coverage
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Gao, Pawlowski, PLB 820 (2021) 136584
Cuteri, Philipsen, Sciarra, JHEP 11 (2021) 141
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J. Stachel, Nature 561, no. 7723, 321 (2018) Beethoven. 5. Sinfonie
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With (not any more so new ;-) ) observation of neutron star mergers revival
of combined analysis and cross-disciplinary discussions

—

—

| Neutron star mergers
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[Long Range Plan: Dense matter theory for heavy-ion IJB [M eV]

collisions and neutron stars, nucl-th 2211.02224]
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aufron star mergers

With (not any more so new ;-) ) observation of neutron star mergers revival
of combined analysis and cross-disciplinary discussions

T <70 MeV, p=3p, in both cases

Central Au+Au collisions,
SNN = 2.4 GelV

15-10 -5 0 5 10 15 15-10 -5 0 5 10 15 15-10 -5 0 5 10 15
X (fm) X (fm) X (fm)

Neutron Star Merger

M. Hanauske, J.Phys.: Conf. Series878 012031 (2017)

L. Rezzolla et. al. PRL 122, n0.6, 061101 (2019)h

Au+Au simulation UrQMD: S. A. Bass et al., Prog. Part. Nucl.
Phys. 41, 255 (1998).

Fig. credit T. Galatyuk & Florian Seck
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—

Dn stars/ Neutron star mergers —;

Example:

Inclusion of HIC shifts NS radii to larger values, consistent with recent
results from NICER

(D) HIC and Astro combined:

3.0

1 I | I I I 1 I I I I
— Astro+HIC .

Mass M [Mp)
N
-
Illllllllllllll]lllll

|IIII|IIIIIIIII|IIII|

10 12 14
Radius R [km]

Constraining Neutron-Star Matter with Microscopic and Macroscopic collisions
S. Huth, P.T.H. Pang et al., Nature 606 (2022) 276-280
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Dbservables

What to measure?
Challenges/ difficulties/ opportunities for high-ug facilities?

- Program needs ever more precise data (statistics!) and sensitivity for
rarest signals
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102 j : -

Characterization of matter - I

Hadrons, strangeness, 105 N S . M
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Hypernuclel, light nuclei

Correlations, vorticity, .... Collision energy sy [GeV]

T. Galatyuk, NPA 982 (2019), update 2021
CBM, EPJA 53 3 (2017) 60
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Dbservables

What to measure?

Challenges/ difficulties/ opportunities for high-ug facilities?

- Program needs ever more precise data (statistics!) and sensitivity for

rarest signals

<1 (0
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Recent upgrades c10
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HADES & CBM

HADES

« 18°- 85° polar angle coverage, symmetric in azimuth
« Electron detection in front of magnetic field and most of the material

CBM

« 2.5°-25° polar angle coverage, azimuthal symmetry broken by dipole
« Electron detection behind STS and magnetic field
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When crossing a 1st order phase transition: jump in density
- Measure derivatives!

- Cumulants of baryon number measure derivatives of yg

o s What to expect from experiment?
B P LD

Xn = 375, e = U :

" d(pp/T) VT3 T % —a

. ~ Kt Baseline
Higher moments K N .
more sensitive! |

Freeze out line
. >

Ratios of cumulants Y Beam Energy

independent on V Below “T" Above “T.”

X2 K )
K
r'._, -1
I\'_;

Volker Koch, CBM collaboration
meeting, Mar. 2023

V. Vovchenko et al.,
Phys.Lett.B 811 (2020) 135868
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roton distributions

Measure event-by-event net-proton number (protons — antiprotons)
—> Distribution = calculate the moments = higher moments probe the tails!

Challenges: o
- Large acceptance in proper ww,,ll,”,I,,”I,H,l],,,ﬁ?',v',f',”f‘f'ﬁt'f’,”f —
(y-pt) bin " Au+Au E_ =10 AGeV % (0-5)% A
. Experimental effects from 10° £ UrQMD + CBM GEANTS 0 (5-10) % 3
e-b-e changes of efficiency 105 L 0'2: 5’522‘3 ;ci)eawc) - gg:gg; Z"_;
Baryon contributions in n,d,... = B o
Volume fluctuations 10*F ) %
Conservation laws... - ) % -
+ Higher moments are in the tails! ~ 10° £ | %3
- statistics hungry! 102 i ) B
FEOX & :
¥ ‘ Q - |
Ko = (N = ())* ete AT REN NN
apsl | 1
1 ?ll..li%{‘ |..J.|H..|)1’I.l. |%1 o

0 10 20 30 40 50 60 70 80 90

Possible solution to settle volume fluctuations: A. AN (N - Nﬁ)
Rustamov et al., nuck-th 2211.14849 d
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et-proton distributions

:9
~+ 0o simulations
« CBM: Proton acceptance for low p, and d N o o
midrapidity for wide range of energies 0o DCHHGIEEM + asiic
7 v profile
; ) . s A corrected profile
« Crucial: independent centrality T —_ comecisd
determination with separated detector ol o
(PSD - FWD) -
0.2_—
) . 0(; L 0.2 10.4J 0.6 0.8 1 L
CBM simulations Msrs/MSTsm,
8 AGeV 10 AGeV
-z
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ical fluctuations

HADES
... understand volume fluctuations/ acceptance effects of different
experiments!

CBM after 3 years — (improve STAR stat. errors by factor of 10):

. . . K
« measure excitation function (p) for ko? = K—‘*
2
* First results on k(p) STAR, PRL 128 (2022) 20, 202303
« Extension to strangeness? HADES, PRC 102 (2020) 2, 024914
4_| T T T 1]
We hope to see: N gl b STAR (0. 5% ]
Discontinuity?! k: s 2 (0i-5078)
. — é,,-\ é (0] net-proton -
... that extends to even higher ol 33/ o proton =
moments”? (]CJ | £z 3 (Iyl <05, 0.4 <p (GeVic) <2.0) |
= I —— |- - —__f}——— .
Understand influence of g i g = §°s fr
baryon number conservaton < o-%. 1 # . |
: ()] — — GCE
at high pg T I HRG _ _ _ cE T
] - . ) net-proton |
B (0.4 <p (GeVrc) <2.0) SIS <= proton _
| | | | 1 11 | | | | | [ | | | |
2 5 10 20 50 100 20
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Challenge

What about further conserved number fluctuations?

Challenge:
CBM acceptance increasingly more forward for lighter particles

CBM simulations

K* p_=1.0 GeVic P
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Dileptons

Em probes are sensitive to the full duration/evolution of the collision
« Emission of virtual photons from all stages
« Unique probe of temperature, duration, density, ... of the fireball

* Baryon foects are Crucigl R =AN(1520),aj, ...
- dedicated program in HADES! p 7
PB,M =N V.V
“Th=NnK, ..
T S L L =
b 10°° =" e % sameevente'e =
e - 1 L =
> = ; sese,, #  combinatorial background ]
g 1077 = _a" E:A:lﬂ:::.- 4 dielectron signal =
S el 5
Eo:l) 10 ? lgl;;::-.. —§
= 100k el E
3 = Ag+Ag |5,,=2.55 GeV 0-40% maatii, . -
% 10", HADES work in progress "malii,, ]
- 107 o1« p, (GeV/c)'< 1.2 'Hizxz i =
=B HENNE
= o
. 1 g I o 0. g e | e
0 200 400 600 800 1000 1200 [J. Otto for the HADES collaboration,
Mee (MGV/C2) EPJ Web Conf. 274 (2022), 05002]

C. Hohne, ECT™* Trento, From first-principles QCD to experiments 16



‘ Dileptons

Two key measurements to be made (= first year of CBM*, HADES ")

« Excess yield in LMR - fireball lifetime: extra radiation due to latent heat
aroung PT (& CEP?)?

* Invariant mass slope (LMR & IMR) - flattening of caloric curve due to
PT?

. Tripolt et al., NPA 982 (2019) 775
* one year 5 days beam on target, 6 energies Au+Au, 2:107 ev. each, 100KHZ L% Ko, PFRC 95 (2017) no'5, 055203
Seck et al., PRC (2022), arXiv:2010.04614 [nucl-th]
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T. Galatyuk, JPS Conf. Proc. 32 (2020) 010079
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1/N_, dN*/dM,, (MeV/c?)’

Dileptons

HADES
* New data from Ag+Ag collisions at slightly higher /syy =2 slightly higher T
* p; dependence accessible with high statistics
—> change in /p contributions!
« Au+Au energy scan towards lower /syy to come!
T 1073 1 T | I
Ag+ =2.55 GeV 0-40%
NU 1074 H%D%gs vsv%hrlkzinsgrogﬁesg o
S 10_5 o % g;5p< p(Ge(\g::ﬁc:ofzuxw 2
() 10—6 e C+Jos<p, (GeWc) <0.6(x 109
™ T — ] N B AL B 2 S :Iosw (GeWc)<08(x10)
10—7;_5 Ag+AQ (5 =2.55 GeV 0-40% | = 10"’ X 08 <, (Gevi)'(x 10°)
- HADES work in progress E |
B Cocktail + sim. NN sub. N
10°E E
10‘9;— —;
E dN/dM,, o M3Z exp(-M,/kT) =
C X2N =14 3
100 a=77ef 12123 108, MY by ;
: ; 107 T Tf AN
1 N PO T YU U N U S N T S RN SR S SRR S N SR WS NSNS | — dar|.
107500 300 400 500 600 700 800 900 107" UW T T
M., (MeV/c?) 10716 | | |l |
[J. Otto for HADES, EPJ Web Conf. 274 (2022), 05002 0 200 400 600 800

J. Otto, PhD thesis, JLU Giessen] Mee (MeV/CZ)
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Dileptons

Challenge ? EOET . .; ]
. Background!!! > 160 O A T—
140__* .. 'i . . . . . x..; o f‘!u Faom ‘ ‘. ]
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[MeV/c]
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HADES & CBM

Study dileptons in one common system:

e.g. Ag+Ag collisions at 4.5 GeV beam energy (midrapidity 1.1)

» reconstruction efficiency of ®-meson HADES vs CBM (60% field)
- Compare spectra in same phase space region!

HADES CBM
2000 . . . 025 > = 24 @ .
g =2 1.5 P, -
2 = - 4
0.2 2 X [ _ ]
1500 T 1.5
0.15
1000 1
0.1
0.5
>0 0.05 i
g ’ -

Rapidity

Marten Becker, master thesis, JLU Giessen
Gregor Pitsch, master thesis, JLU Giessen
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8 107 8 P min-bias, R=100kHz ~ —e— 2x10'° ev ‘measured’ 8 10° E min-bias, IR=100kHZ  —s— 540" &y 'measured’ ] 8 o [ min-bias, IR=100kHZ 540" &y -masmedf
= 2 —— thermal radiation ~ —— thermal radiation 7§ ~ __5.' ) ) = = 3 ) ] E
@ F —— Rapp in-medium SF 3 —— Rapp in-medium SF 1 @ Eo — Rapp in-medium SF 3 @ B — Rapp in-medium SF 3
s 107k s 107 Rapp QGP = s 107~ =3 = 1007 =
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T 107F T 107 1 T 10°F ‘!\. = T 107 \.‘ E
3 E 3 3 3 = *r 3 3 ~ ]
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- g = e~ F 4 je” 3 e
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h N s E < F \ IR
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& _ ; . N N . . . -

Expected CBM dielectron performance
(first year, 5 days/ energy, 2x10'0 events each)

« LMR (M, <1 GeV/c?) well measured, need to determine background
with 0.1% precision for 10% signal precision: excess ratio, T, r

- IMR (M, > 1 GeV/c?) acessible, needs dedicated high statistics runs,
measure u*u- channel in addition - year ,,2°

FAIR Review, June 2022, T. Galatyuk for CBM
* one year 5 days beam on target, 6 energies Au+Au, 2-10"° ev. each, 100kHz
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Expected CBM dielectron performance
(first year, 5 days/ energy, 2x10'0 events each)

« LMR (M, <1 GeV/c?) well measured, need to determine background
with 0.1% precision for 10% signal precision: excess ratio, T, r

- IMR (M, > 1 GeV/c?) acessible, needs dedicated high statistics runs,
measure u*u- channel in addition - year ,,2°

1:_\ 10_15[ 1 1 1 | I 1 I 1 | I 1 I I 1 I 1 I ] 1 1 I i
b - CBM Simulations .
% 10725 Au+AU |s,,=4.9 GeV =
(5 .4 min-bias, IR=1MHz —e— 6x10"" ev 'measured' -
";10 = —— thermal radiation 3
= - —— Rapp in-medium SF -
E 104? =
o ; ‘ Rapp QGP e
% 105L K Trapar = 165.9 £ 150 MeV ]
5 F :
< 10°F E
T— = 3
10775* E
10—8§_ —§
10°F | ]
= | | t

FAIR Review, June 2022, T. Galatyuk for CBM 10_10', o e I“‘ L
0.5 1 15 2 25

M, (GeV/c?)

22
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[MeV]

Dileptons

.... more than excess yield and T if you cope with the challenge:

Prediction:
see sign of chiral symmetry restoration in dilepton spectra M > 1 GeV/c?
—> Mixing of p and a, due to restoration of chiral symmetry

L 10_1 E | I | I | | I | I | I I I I I | I I I I I I ﬂ
u=0 MeV G - CBM Simulations ]
S 10%E AutAu {5,,=4.9 GeV E
O] = _— 3
1500 o g 104;_ min-bias, IR=1MHz _;
1 3 8 —— 1.2x10'? ev 'measured' :
% 107 E — in-medium SF w/o p-aty-mix =
1000 > - —— in-medium SF w/ p-al y-mix
T 10°F =
z - 3
P Degeneracy of Z 105k N
500 : = 2 =
chiral partners — - E
107 E
% 50 100 150 200 250 300 10° E E|
T [MeV] - §
9
Jung et al., PRD 95, 036020 (2017) 107
Hohler and Rapp, PLB 731 (2014) 10 - | | |
FAIR Review, June 2022, T. Galatyuk for CBM 10 0 0.5 1 1.5 2 2.5
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e-out conditions

[C. Blume, JP 31 (2005) S57]
AGS NA49  BRAHMS:

Dileptons offer access to fireball Z
contributions before freeze-out

10°

Conditions at freeze-out?
Pressure during evolution? 10°

Measure yields and phase space
distributions of ,all” particles

—> Extract T, pg with thermal model
- System in equilibrium? 1
- ..... including multi-s?

10

A (x 0.02)
= (x0.1)

L+ (¢ 0.2) 1
/7 R (x0.02) §
4/?* = (< 0.02) _

,]l:l.3 | | IIIIII| 1 IIIIIII| 1 | |
10 10°

\[s,,, (GeV)

. 107"
Measure correlations

- size at freeze out!
—> Signs of longer lifetime due to PT? 102

1 IIIIIIII I ||||||I'| | IIIIIII| | IIIIIII| I IIIIIIII 1 IIIIII'I |

Measure flow
- EOS

—
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« Tracking system allows for precise
reconstruction
« (also measure flow, correlations, A
polarization, ...)

. ff-l'lls —=A 0= 1.6 MeVic’
£ S/B =502
=
o
5_ A"\_-} pT['
0 11 11
my,, {p} [GeV/c’]
Particle Multiplicity | Multiplicity | decay BR Efficiency
(mass at 6AGeV | at 10 AGeV | channel
MeV/c?)
A(1115) | 46-107" 0.034 prt 0.64 0.11
27(1321) 0.054 0.222 A~ 1 0.06
Z7(1321) 3.0-10°° 54-107* At 1 0.03
O (1672) | 58-107* | 56-1073 AK~ 0.68 0.05
0+ (1672) - 7.0-1075 AK* 0.68 0.03

event wise reconstruction by KFParticle package

CBM simulation, A-baryons

-

>

0.1

0.08

0.06

0.04

0.02

-0.02

-0.04

|
o
[e>]

H.-—‘_-__-_
n— (K—)

Au+Au

5M events stat. only

% STAR |5y, = 4.5 GeV 10-30%
0.65M events, stat.+syst.
DCM-QGSM-SMM 10-40%

B CBM simulations sy, = 4.9 GeV 10-40%

_{IIIIII|EIII|III||II|IIT|IIIII
|

Oleksiil Lubynets (GSI, GU Frankfurt)

II|III|I[I|III|III|II[|I\I|III|

-0.4
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,<Any“ model at ,any” low pg collision system results in very good
description of particle yields in a thermal model

g 10352_.“:_’1 o Pb-Pb |/5,,,=2.76 TeV, 0-10% centrality -

Lower energies/ high pg: SaetE  eee ,2BAR 1

. . - - a e o 3

production cross-sections £ 10F - oo

for strangeness decrease 1k """_gf
i i : d d

rapidly (below unity) 10 g9

10*2:5 ~

Implement strangeness E f

‘Al 10°fg  ® Data, ALICE Me'He s o 3

conservation! : v JHR

. — Statistical Hadronizati — -

Strong effect on multi-s 1o slstial Hacronization

hadrons! 10°F o

10-6'E EF.JL—_

,2Equilibrium®? : ;

o 2F -

3 ;

= 1.5F + ‘I’ l :

E 1”—4,_’_’_+ P ¢ ¢ + + . 1 | ]

Sk ) e + ‘ I 5

A. Andronic, P. Braun-Munzinger, K. Redlich and 0.5 .

J. Stachel, Nature 561, no. 7723, 321 (2018) o KKK o p P ARXNZET QT d d HeHeH 3H HeTle
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Thermal model

HADES, Au+Au collisions @ +/syy=2.4 GeV
« Tensions in description of all hadron yields with thermal model
« All strangeness production below free NN production threshold!

Is there an energy from THERMUS V3.0
where on all hadrons — — ——
can be described as 10° o 0-10% most central
. - . “ o +_._
,in thermal equilibrium®? 5 ——
[J) _® e
Or gradual approach? 202 Data, Vs, =2.4 GeV —e
T=58+2MeV, u =804MeV=25,
b
_ _ _ ) RC:4.2¢0.5fm, HV:10.6r0.6fm b ®
Hadronization at high pyg? 10 : X?ndof=7.5 e —=
CD I I I I I [ I I | I
3 T
LL
L
E 2 y e :
> PO WL Sk O
L
0 | | | | - | . | | | +I 0I -I
M. Lorenz, SQM 2019 AP d t = @@ n A K K K ¢
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| measurement

HADES

« Measurement of X > Ay decay in Ag+Ag collisionen at \/syy =

(corresponds to A threshold)

2.55 GeV

« Result of analysis: (A+X0)/2°=4.2+0.9
* In agreement with expectation from isospin considerations (4)

* No influence of NN threshold

i @ HADES (p+Nb)
Q BNL (p+Be) Marten Becker, DPG 2023
107 § cosY1(p+p) . _ N : ;
2t i gg::i (P+P) 'f>9 N : ' Mean: 1188.89 MeVic? ]
+ - H -
St {pp) 2 1500 et 45:4T- MeVe o nenn - —]
%0 F ¢ LB(p+p) E - Integral: 8.11e+03 .
= —— COSY Data Fit S - : 3
= | W, 0 e UrQMD (p+p) S 1000 s
—— UrQMD (p+Nb) c ~ : E Significance: 9.90 —
10F 3 - : - .
- 3 500 ; - ]
N e - + + HADES Woer progress -
| ol ol +++++|++ oo
1L 1100 1200 1300 1400

E Entries: 7704 Mass [MeV/CZ]

_lllJ 1 1 !llllll 1 1 Ellllll 1 1 lllJlll 1 1

10

10°

10°

10°
Excess energy [MeV] HADES, Phy. Lett. B 781 (2018) 735-740
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|dentification of Z* and X- via their decay topology

Method:

Find tracks of Z and its Reconstruct a neutral Reconstruct 2 mass spectrum
charged daughter daughter from the mother from the charged and

5 — pnd S — pr BR = 51.6%
>t >t PIREETY BR =48.3%
Y- —nmw Y — ar BR =99.8%

Find all primary and secondary tracks, use TOF PID for sec. track
Search whether two would fit together with a kink

From momentum conservation get momentum of neutral particle
Assume e.g. X- decay, calculate (missing) mass of neutral particle
Select neutron candidates, recalculate X mass

in STS and MVD and the charged daughter obtained neutral daughters

TC Tt

e
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prospects with CBM

« Simulations: UrQMD, 5M central collisions Au+Au, 10 AGeV beam energy
- (p/n) like ratios! - access to isospin dependence?
—~ X/2* ratio is expected to carry E,(p) information (stiff/soft)

1 3 A Ll l I I 1 I Ll
L, 10 —¥ o= 5.9 MeV/c? - SIS -
2T - | S/B=49.6 1.2 - -
- 0.2 N ART Model
L‘E | n = Au+Au Collisions -
g VSnn =3 GeV
1.1 QL Pum 3600

el

m

f L —-Tn N S #\
0.1 10L | TN

: I i 0.9 +x—1 Soft

13 1.2 1.3 I ot b
. 3 _
Mgy 00} [GeV/E] 00 02 04 06 08
E_ (GeV)
G.C. Yong et al,

Phys.Rev.C 106 (2022) 2, 024902
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Hypernuclel

Hypernuclei interesting/ important objects for neutron star descriptions
Formation? YN and YY interactions? Influence on EOS for high densities?
CBM energies optimum for production

Reconstruction routines tested with STAR FXT data

Three-dimensional nuclear chart
(Kaneta M, Tohoku University, Japan)

Strangeness

v - — .
' i
panil
s o
-, —
n""‘ e p—
—
- e p—— — -
—p—

4
%
z
<
3
o

Unstable nuclei
Stable nuclei
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Hypernuclei interesting/ important objects for neutron star descriptions
Formation? YN and YY interactions? Influence on EOS for high densities?
CBM energies optimum for production

ypernuclei

Reconstruction routines tested with STAR FXT data

16#
107

10°°

Thermal: Andronic et al., PLB 697 (2011)
Coalescence: Steinheimer et al., PLB 714 (2012)

E T T T T T | 5
- CBM Simulations 0-5% Au+Au ki
- gaHe — 3He p 7", B.R.=50% E
- g=1.2%, S/B=0.4, 5=2.6 MeV/c? n
E iE |
& —a— 1.6x10'? ev 'measured' IR=500kHz E
B thermal .
E — — coalescence E
E RaHe
- ™~ M~ =
[ w2 = J
= Cj’ H H —
i @ 3
B = < =
- e .
E R —
£ z = Z =
[ 1 1 1 l | 1 | j
3 4 2 6 7 8 910

Collision Energy s, (GeV)

Entries
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& - _
L . oHe— He pr

6 2
- He 0 =2.6 MeV/c
S/B=041,¢ =12%

CBM Simulation
10" Au+Au events
. Vs =4.7 GeV
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HADES prepared a list of proposals for FAIR phase-0

year), but likely longer

Au+Au BES < 1AGeV EM transition form

factors of hyperons

Sk

ARCHING FOR CRITICAL BEHAVIOR

ANT

LIMITATIONS OF THE UNIVERSAL
FREEZE-OUT LINE

PRODUCTION AND DECAY OF HYPERONS,
AND INCLUSIVE HADRON AND DILEPTON
PRODUCTION

o pep K s Al

" %@R

The HADES and
HADIES

HADES PANDA Collaborations

ZAN

HADISS

re-submission

to GPAC 2022 successfully conducted
in Feb./March 2022

cold matter effects
including line
lshapes and SRC

STUDYING MEDIUM EFFECTS IN PROTON
INDUCED REACTIONS
P Ag renctions at 4.5

The HADES Collaboration

ZA

HADIE S

Baryon resonances,
meson ba.ryon 3rd
coupling in the
resonance region

BARYON COUPLINGS TO MESONS AND
VIRTUAL PHOTONS IN THE THIRD
RESONANCE REGION: VACUUM AND COLD
MATT MES

Jueed vt

A

HADES

Proposed program will take at least until 2026 (one 4-weeks run per

Transferring HADES to the new cave is expected to take two years

|so-spin effects if‘
dilepton production

re-submission
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SCRUTINIZING ISO-SPIN EFFECTS IN N+N

BREMSSTRAHLUNG AND DIBARYON
D*(2350) FORMATION IN N-+P COLLISIONS
A Drasm Svergy Soun F "

The HADES Collaboration

A

HADE S

33




tatus of FAIR & CBM

FAIR (still) under construction ....
CBM (still) plans for first beams in 2028/2029

After 3 years of running:
« (First) energy scan completed, improved statistical errors of factor 10

with respect to STAR

Years 4-8: p-Linac
« High statistics — ’J!j/‘/‘ //
measurements < 4/ .
. L =S
—~dilepton IMR, ultra- . <2 "S-/~
rare probes - \,,/‘77/ &/ w8 target NG
pbar target /| . 4
o \/i// A;PA Cave
— First Science + S1S100 CBM 1 ,' o -
Rest-10 ¢ NUSTAR R3B

— RESt-MSV
— G S| existing faC|I|tv

\

/;@/ W
(R3B)
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* FAIR construction progressing
v SIS 100 tunnel ready
v' CBM cave ready
v In CBM cave first user installations of FAIR ongoing (upstream

o =
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of FAIR & CBM

CBM cave

Start of
installation of
upstream
platform!
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D SIS18 (FAIR phase 0)

One of the CBM challenges are the high rates:
* Free streaming readout
* Online reconstruction & trigger

Important milestone: mCBM @ SIS 18!

« Full system test, verification of triggerless-free-streaming readout,
data transport to CBM, online reconstruction

* High rate detector tests up to 10 MHz collision rates

N CBM experiment

at GSI SIS18
March 27, 2022
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@ SIS18 (FAIR phase 0)

Benchmark run: Ni+Ni collisions at 1.93 AGeV

Subsyste ms Data rate per subsystem tOtal
3GB/s 6 GB/s max avg v
b il . sgp/s = Total (right-y) 499GB/s 2.39 GB/s
) - STS 2.50 GB/s 1.17 GB/s
©  26B/s 4 GB/s
v : == TRD 1.69GB/s 770 MB/s
O 1s06B/s 3GB/s == TOF 440 MB/s 192 MB/s
8 — 2 s ™ TRO2D 325MB/s 141 MB/s
== MUCH 70.1MB/s 62.7 MB/s
SRR 16O/ e RiCH 120 MB/s  55.5MB/s
0B/s SEreoaEEE 0B/s == TO 2.33MB/s 1.80 MB/s
21:39:20 21:39:30 21:39:40 21:39:50 21:40:00 21:40:10 21:40:20 21:40:30 21:40:40 21:40:50
2 ’ 2 -c 60 _. ....... [T .............................. e ee et e eeeeeeeires FRT 3
Full timeslices buffered (build node 0) F) i —Same event
'>—_ : : Mixed event
- ~ |-Same - Mixed
40 LM [ Mean 1.1159 Gev
Width 7.2511 MeV
. i Signal 513
A reconstruction 558 665
. . Sgnf 21.10
400-500kHz average collision rate 20 [ Pronroteds e
. . —,,...‘...E. IETTITTIITY | TTTTTrrreeN . ............................... . ........................... p re lmlnarv
Offline anaIyS|.s | -I_I | data analysis
Next step: online reconstruction it | in progress
l 1 1 11 I L1 1 1 | L1 11 | 1 1

1.1 1.15 12 1.25
[GeV]
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Summary & Outlook

Future is bright!

* Lots of interesting results from HADES — more to come
« Work for timely construction of CBM

- Experimental data to contribute to open QCD questions:

* Phase structure of QCD at finite density
« Formation of hadrons, hadron spectra

« Formation of nuclei _ 250 C.B.M coverage
°
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