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Introduction:

Experimental Access to Medium Effects
HADES Setup and Performance

Part 1: Heavy-ion Collisions at HADES

Charged Kaon Yields and Spectra
® Meson Yield and Spectra
Excitation Functions

Part 2: Pion Induced Reactions in Cold Nuclear Matter

K- Suppression Relative to K*
® Meson Suppression Relative to K-

Summary and Outlook
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Experimental Access to Medium Effects
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“Observed hadron masses are nature's
compromise between distortion of the
vacuum and localization!” F. Wilczek

Cold nuclear matter:

The easiest way to distort the QCD vacuum,
N Change vacuum, Change T properties! controlled conditions (static medium).

Heavy-ion collisions:

Larger effects compared compared to cold matter.
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HADES at GSI/FAIR in Darmstadt, Germany

-
.

¥

o e R Rl LT 2
- - . .

7 2
-




Manuel Lorenz | Reimei Workshop “Hadrons in dense matter at J-PARC”

HADES: Setup and Performance

sopme e RPG
VDGV

IMDEIL

Fast detector: 16 kHz Ag+Ag, 50 kHz p+p
Large acceptance: full azimuthal and
polar angle coverage of © = 18° — 85° ~ _
Hadron PID: B, dE/dx 00 100 200 300 400 500 600 700 800
additional PID for leptons: RICH, SHOWER m-m, [MeV/c?]
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HADES: Setup and Performance
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Fast detector: 16 kHz Ag+Ag, 50 kHz p+p MMy [MeV/c?] me-m, [MeV/c?]
Large acceptance: full azimuthal and
polar angle coverage of © = 18° — 85°
Hadron PID: B, dE/dx
additional PID for leptons: RICH, SHOWER
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Data and Observable

Heavy-lon Collisions direct line shape modifications > see Tetyana’s talk
Au+Au @,/s=2.4 GeV Production yields and phase space distributions.
4.0x10% events collected in 2012 Steep excitation function, sensitive to conditions
AGHAG @Ys=2.55 GeV Irrena;ct]ret:n(tsijzgfngzcrjeroar;i various hadrons relatively to
1.4x10'% events collected in 2019

each other.
Cold Nuclear Matter Partial decay branch might be suppressed
w+C@p, =17 GeVic by collisional broadening:

1.3x108 events collected in 2014

mw+W@p, =1.7GeV/c
1.7x108 events collected in 2014 — nuclear suppression sensitive to in-medium width
(indirect measurement) = see also Volker's talk
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Part 1: Heavy-ion Collisions at HADES
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Central Au+Au /syn=2.4 GeV
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M. Hanauske, J.Phys.: Conf. Series878 012031 (2017)
L. Rezzolla et. al. PRL 122, n0.6, 061101 (2019)
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(Sub)-Threshold Strangeness Production NN->NYK* Jsan= 2.55 GeV

Phys.Lett. B778 (2018) 403-407
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NN->NNK*K- Jsnn= 2.86 GeV
NN%NNd) \/SNN= 2.9 GeV

K* yield 2 orders of magnitude
higher than K- and ® yields

Lower inverse slope parameter of K*
compared to K*

Au+Au HADES
Ar+KCI HADES
() C+C KaoS
¢ Ni+Ni KaoS
/\ Au+Au KaoS

906720 (£002) GLD oy shyd :soey
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(Sub)-Threshold Strangeness Production

Phys.Lett. B778 (2018) 403-407
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T=104+1 MeV e

“Later freeze-out of
K- compared to K,
due to coupling to
baryons and
strangeness
exchange reactions.”

Still true if ® is taken
into account?

NN->NYK*
NN->NNK*K-
NN->NNg

\/SNN= 2.55 GeV
\/SNN= 2.86 GeV
\/SNN= 2.9 GeV

K* yield 2 orders of magnitude
higher than K- and ® yields

Lower inverse slope parameter of K°

compared to K*

50

100 150
T(K") [MeV]

906720 (£002) GLD oy shyd :soey
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®-AntiKaon Interplay in HIC
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A FOPI Al+Al ~
@ E919 Au+Au Central -
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@ ANKE psp = — K cocktalil
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* % i ;hermq)al
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® v Y < oo Fit T=84 Mey “cold” K from &~~~
|
5 10 = 50 100 150 200
VSin = VS [GEV] memy [MeV/c?]
Increased in HIC at low /sy O feed-down can explain lower inverse slope parameter of K-
> 25% of K- result from @ decays! spectrum (To¢ = 84 = 6 MeV) in comparison to the one of K*

(T = 104 = 1 MeV)
- No indication for sequential K*K- freeze-out from K- spectrum if corrected for feed-down.

M. Lorenz et al. PoS BORMIO2010 (2010) 038

LOv-€0% (8102) 82,9 We7'sAyd
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®-AntiKaon Interplay in HIC

“hot” K similar as K*

00+
HADES Au+Au

HADES Ar+KCI
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Increased in HIC at low /s O feed-down can explain lower inverse slope parameter of K-
> 25% of K- result from @ decays! spectrum (To¢ = 84 = 6 MeV) in comparison to the one of K*
(T = 104 = 1 MeV)
- No indication for sequential K*K- freeze-out from K- spectrum if corrected for feed-down.

M. Lorenz et al. PoS BORMIO2010 (2010) 038

LOv-€0% (8102) 82,9 We7'sAyd
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Phys.Lett. B793 (2019) 457-463

Centrality Dependence in Au+Au @ \/s\n=2.4 GeV

a=145+0.06
x?/NDF =5.90/10 =0.59

Complete set of strange hadrons produced below NN-threshold:

NN->NYK* \/SNN= 2.55 GeV
NN S Jsnn= 2.86 GeV
NN%NN¢ \/SNN= 2.9 GeV

- unique observable:
Energy must be provided by the system.
Strange particle yields rise stronger than linear with
<Agar> (M ~ <Apart>q)

Universal <A, ;> dependence of strangeness production

- Hierarchy in production threshold
not reflected in scaling

Scaling with absolute amount of ssbar, not with individual
hadron states.
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Phys.Lett. B793 (2019) 457-463

Centrality Dependence in Au+Au @ \/s\n=2.4 GeV

a=145+0.06
x?/NDF =5.90/10 =0.59

Complete set of strange hadrons produced below NN-threshold:

NN->NYK* \/SNN= 2.55 GeV
NN S Jsnn= 2.86 GeV
NN%NN¢ \/SNN= 2.9 GeV

- unique observable:
Energy must be provided by the system.
Strange particle yields rise stronger than linear with
<Agar> (M ~ <Apart>q)

Universal <A, ;> dependence of strangeness production

- Hierarchy in production threshold
not reflected in scaling

Scaling with absolute amount of ssbar, not with individual
hadron states.
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Phys.Lett. B793 (2019) 457-463

Centrality Dependence in Ag+Ag @ ,/syn=2.55 GeV

o =1.47 £ 0.03 HADIES Work in Progress
¥3/NDF = 13.67/9 = 1.52

60 70 80

90100

A

Complete set of strange hadrons produced at or below NN-threshold:

NN->NYK* \/SNN= 2.55 GeV
NN S Jsnn= 2.86 GeV
NN%NN¢ \/SNN= 2.9 GeV

- unique observable:
Energy must be provided by the system.
Strange particle yields rise stronger than linear with
<Agar> (M ~ <Apart>q)

Universal <A, ;> dependence of strangeness production

- Hierarchy in production threshold
not reflected in scaling

Scaling with absolute amount of ssbar, not with individual
hadron states.
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@/=- the yield excitation function in HICs

HADIES Preliminary

I HADES Ag+Ag

¥ STAR Au+Au
GCE

STAR data and model curves: https://arxiv.org/abs/2108.00924

17
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Part 2: Pion Induced Reactions in Cold Nuclear Matter

M. Post et al., NPA 741 (2004) 81
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— Mean free path 4, = 1.5 fm

(pr=1.7GeV /c,pp = po) Effects mainly at small momenta
- Advantage of pion induced compared to p induced reactions

mw+C@p,.=17GeV/c
1.3x108 events collected in 2014

mw+W@p, =1.7GeV/c
1.7x108 events collected in 2014
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Charged Kaons in Cold Nuclear Matter
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Phys.Rev.Lett. 123 (2019) 2, 022002
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K- production relative to K*

K- -baryon coupling

not possible for K*

Reimei Workshop “Hadrons in dense matter at J-PARC”

e HADES
acceptance

0 0204 06 08

- Suppression of K- relative to K*

200220 'Z (6102) €21 18718y sAyd
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@ production relative to K-
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Phys.Rev.Lett. 123 (2019) 2, 022002

1000 1050 1100 1150
M, [MeV/c?]

| Reimei Workshop “Hadrons in dense matter at J-PARC”

TABLE II. Particle ratios inside the HADES acceptance. Er-
ror values shown are statistic (first), systematic (second) and

normalization (third).

Ratios o
0.319 + 0.00975 515 = Similar :
0.55 = 0.03+)-0¢ suppression for

0.63 +0.05 +0.11 ¢ like for K-

0.18 £0.02 £ 0.0175:53 Volker's talk



Manuel Lorenz | Reimei Workshop “Hadrons in dense matter at J-PARC”

Summary

Part 1: Heavy-ion Collisions

t

@ yield increases relative to K- with decreasing /sy — K cocktall
K thermal
—-K from ¢
---- Fit T=84 MeV
50 150 200
memy [MeV/c?]

Universal <A_,;> dependence of strangeness production.

t

(1/m?) x (d2N/(dmdy))) [(MeV/c?)?]

No indication for sequential K*K- freeze-out from K-
spectrum if corrected for feed-down.
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Part 2: Pion Induced Reactions in Cold Nuclear Matter

K- are suppressed relative to K*.
Similar suppression as for @ mesons as for K-.
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Proposals for beam time at SIS18: 2021 - 2025

eactions on CH. S Online Analysis

Pion induc |‘(.\ T
and

C. Ag targ! : p+p Vs = 3.46 GeV

Signal (u + 26) = (5.58 + 0.01) x 10°
Signal / Background = 41.78
Significance = 738.1

5 GeV
reactions at 4.5 G

P Ag

5 G CH»
reactions at 4.5 GeV on 2

‘\
AN

1180 1200
m,,, [MeV/c?]

nline Analysis
p+p Vs = 3.46 GeV
Signal (1 + 20) = (4.00 + 0.01) x 10°

Signal / Background = 8.47
Significance = 598.3

Running now

IR 20 0 00
?XOX;&X‘X’X’ZL’A
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(Sub-threshold) Strangeess Production

—8— 0.09 <y <0.19 (x10°) 0
+ -
K — 0.89 <y <0.99 (10°) K —@— 0.04 <y <0.24 (x10°)
40% most central 2 —6— 0.64 <y <0.84 (x10°)
U ﬂ_ -
il o, 40% most central

.

100 150 200 250 300 0 20 40 60 80 100 120 140 160 180 200

m-m,. [MeV/c?] my-my [MeV/c?]

1 d?N s —(my — m._»)(""
—g—— =) e p———————
my dmydy Ts(y)

T (Ymia) = 104 £ 2 MeV Te“(Ymia) =84 £ 6 MeV

Kaons and antikaons show different slopes

KaoS: Phys.Rev. C75 (2007) 024906

Au+Au@1.23 AGeV HADES

Ar+KCl@1.76 AGeV HADES

Au+Au@1.5 AGeV KaoS
Ni+Ni@1.5 AGeV KaoS

Ni+Ni@1.9 AGeV KaoS



