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Motivation

Recent measurements on near and below threshold production.
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HADES and FOPI reported unexpected
large ¢ contribution to the K~ vyield.
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¢ production
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Motivation

Recent measurements on near and below threshold production.

¢ production

HADES and FOPI reported unexpected
large ¢ contribution to the K~ yield.

107} = production
=~ yield, measured in Ar+KCl much larger

?10-27 than thermal model.
< Confirmed in p+Nb — No Y+Y exchange!!/
=] o 10 4

e S ’E - Both particles are not well described in

1 ‘ Vq,,‘- Bor 1GeV] microscopic transport models and thermal
1 10 10 10’ fits are also not convincing.
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G. Agakishiev et al. [HADES Collaboration], Phys. Rev. Lett. 103, 132301 (2009)



The notorious ¢ + N cross section

Does the ¢ have a small hadronic cross section?

@ The idea that the ¢ has a small hadronic cross section is not new.
A. Shor, Phys. Rev. Lett. 54, 1122 (1985).

@ The ¢ would be an important probe of hadronization.
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The notorious ¢ + N cross section

Does the ¢ have a small hadronic cross section?

@ The idea that the ¢ has a small hadronic cross section is not new.
A. Shor, Phys. Rev. Lett. 54, 1122 (1985).

@ The ¢ would be an important probe of hadronization.

@ COSY and LEPS experiments have found large nuclear absorption
cross sections

’ ANKE ‘ SPring-8 ‘
14-21 mb | 35mb |

M. Hartmann et al., Phys. Rev. C 85, 035206 (2012)
T. Ishikawa et al., Phys. Lett. B 608, 215 (2005)




The Kaon-Nuclear potential
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P. Gasik et al. [FOPI Collaboration], arXiv:1512.06988 [nucl-ex].

An example

@ The K~ /KT ratio is used to determine the Kaon nuclear potentials.
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P. Gasik et al. [FOPI Collaboration], arXiv:1512.06988 [nucl-ex].
An example

@ The K~ /KT ratio is used to determine the Kaon nuclear potentials.

@ Quantitative result relies on the baseline of non-potential case.
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The Kaon-Nuclear potential
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NOPot. |~ U, *(py)=40 MeV, no K™ Pot.
O 1 1 1 1
0.1 0.15 0.2 0.1 0.15 0.2

E" (GeV)
cm
P. Gasik et al. [FOPI Collaboration], arXiv:1512.06988 [nucl-ex].

An example
@ The K~ /KT ratio is used to determine the Kaon nuclear potentials.
@ Quantitative result relies on the baseline of non-potential case.

@ ¢ contribution to the K~ found to be important.
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Why is a sub threshold charm prediction interesting?

Charm at high baryon densities

@ Study properties of charmed hadrons in dense nuclear matter.
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Why is a sub threshold charm prediction interesting?

Charm at high baryon densities

@ Study properties of charmed hadrons in dense nuclear matter.
@ Study hadronic charm rescattering.
@ Study charm in cold nuclear matter.
o Big part of CBM program...but that was SIS300!
10°L Au+Au (central)
. émz o® D(D)/././_ I
HSD study: Based on parametrized )
cross section. w0t - -
) Energy [A GeV]
W. Cassing, E. L. Bratkovskaya and f AusAuGentra) e
A. Sibirtsev, 2. /’?f@
Nucl. Phys. A 691, 753 (2001) -3 / o s
gm n / D =" I
B 30.06.2016 5 /24
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Get a baseline

UrQMD

@ We will use it in cascade mode.




Get a baseline

UrQMD
@ We will use it in cascade mode.

@ No long range interactions like potentials.




Strangeness Production in UrQMD

UrQMD is a microscopic transport model
@ Only2+4+2,241,2— N and 1 — N interactions allowed.
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Strangeness Production in UrQMD

UrQMD is a microscopic transport model
@ Only2+4+2,241,2— N and 1 — N interactions allowed.
@ Resonance decays according to PDG values + guesstimates.

o Detailed balance. (Violated in string excitations, annihilations and
some dacays)
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Strangeness Production in UrQMD

Strange particle production goes
ONLY via

Resonance excitation:
o N+-N— X
o N+M— X
e M+M— X

Jan Steinheimer

Relevant channels:

Q@ NN — NAq23
Q@ NN —» NN*

Q@ NN — NA*

QO NN — Aq232A1232
@ NN — Aoz N*
Q@ NN — AqgzaA*
Q@ NN — R*R*
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Strangeness Production in UrQMD

Strange particle production goes
ONLY via

Resonance excitation:
o N+N— X
o N+M— X
e M+M— X

Jan Steinheimer

N*(1650) | A(1232)
N*(1710) | A(1600)
N*(1720) | A(1620)
N*(1875) | A(1700)
N*(1900) | A(1900)
N*(1990) | A(1905)
N*(2080) | A(1910)
N*(2190) | A(1920)
N*(2220) | A(1930)
N*(2250) | A(1950)
N*(2600) | A(2440)
N*(2700) | A(2750)
N*(3100) | A(2950)
N*(3500) | A(3300)
N*(3800) | A(3500)
N*(4200) | A(4200)
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Strangeness Production in UrQMD

80

o o p+p
Strange particle production goes
ONLY via
Resonance excitation: T 100 o pocemsic °
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Fixed to data where available. Otherwise fixed Matrix element + phase space. J
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Strangeness exchange reactions

In addition Strange hadrons may be created in strangeness exchange

reactions.

p+K — '+
p+K - (Z%+A)+r°
p+K — T#+r

Jan Steinheimer
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First the ¢



On the probability of sub threshold production

Sub-threshold production baseline
@ Fermi momenta lift the collision energy above the threshold.

@ Secondary interactions accumulate energy.
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On the probability of sub threshold production

Sub-threshold production baseline
@ Fermi momenta lift the collision energy above the threshold.

@ Secondary interactions accumulate energy.
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On the probability of sub threshold production

Sub-threshold production baseline
@ Fermi momenta lift the collision energy above the threshold.

@ Secondary interactions accumulate energy.

(a) Ca+Ca, E_=1.76 A GeV, b>9 fm | (b) Ca+Ca, E,,=1.76 A GeV, b=0 fm |(c) Be+Be, E _=1.76 A GeV, b=0 fm
[~ Maximal available Mass from inital scatterings | | | R P
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—— Mass of all N* decaying
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Why not introduce these decays for the less known resonances?
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Fixing the N* — ¢ + N decay with p+p data

We use ANKE data on the ¢ production cross section to fix the
N* — N + ¢ branching fraction.

180

T T T T

B ANKE data
% —— uramp
140

120 H
! ¢ production threshold

[nb]

1 Only 1 parameter

I ne—sng/Ttot = 0.2%
1 parameter fits all 3 points!

80 -
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40f
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Y. Maeda et al. [ANKE Collaboration], Phys. Rev. C 77, 015204 (2008) [arXiv:0710.1755

[nucl-ex]].




¢ suppression in nuclear medium

Detailed balance — absorption cross section

J
doba _ (P2) (281 +1)(252 + 1) <~ (jimajema| [JM)? dou—
dQ (p2) (293 +1)(25a + 1) & (jamajama| [JM)® dQ
) ) 100
@ ¢ + p cross section from detailed balance
is very small.
_ 10F
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bg nl

T ]

K+p
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¢ suppression in nuclear medium

Detailed balance — absorption cross section

J
dob—sa _ (pa) (281 +1)(2S2 + 1) i jimagame| |[JM)? doay
dQ (pp) (285 +1)(25:+1) & (jamajama| [JM)> dQ

@ ¢ + p cross section from detailed balance oor
is very small. 04
(<)
@ Still the transparency ratio is well s
reproduced. Remember: this is what lead g
. — 02
to the 20 mb cross section from ANKE. I
. . 4t & Ag/C
@ Cross section from transparency ratio is “I' o cuc
model dependent! p °%s 08 10 12 4 16

P, [GeVic]



¢ production in nuclear collisions below the p+p threshold

When applied to nuclear collisions: )
0.8 T T
HADES preliminary --@--UrQMD, Au+Au,
| central, |y|<0.5
: ¢ production threshold < Data
061 1in elementary p+p
04}
=
02l NA49
0.0

Vs, [GeV]
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¢ production in nuclear collisions below the p+p threshold

When applied to nuclear collisions: )
08 , , @ Qualitative behavior nicely
HADES preliminary --@--UrQMD, Au+Au,
; central, |y|<0.5 reproduced
0.6 :npmductionthmshn\d < Data . .
8r tin elementary p+p @ Predicted maximum at 1.25
A GeV
04t
s
02l NA49
§¢ o
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¢ production in nuclear collisions below the p+p threshold

When applied to nuclear collisions: J
08 , : @ Qualitative behavior nicely
HADES preliminary --@--UrQMD, Au+Au,
! central, |y}<0.5 reproduced
! ¢ production thresho © Data . .
o8y 3'”pe‘:”“e[”m’yp*p' ’ l @ Predicted maximum at 1.25
‘ A GeV
£ e High energies: too low due
Wl " | to string production
$§ 4 @ HADES preliminary results
0ol ) for 1.23 A GeV, see HADES
2 s, [GeV] talks by R. Holzmann and T.
Scheib.

Even centrality dependence is very well reproduced: Signal for multi step
processes. J
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About the Kaon potential

Kaon Potentials
@ To constrain the Kaon
potentials from kaon spectra one
needs to understand the baseline

@ For example the ¢ contribution
to the K.
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About the Kaon potential

Kaon Potentials
@ To constrain the Kaon
potentials from kaon spectra one
needs to understand the baseline

@ For example the ¢ contribution
to the K.

@ But also the general shape of
the spectra may depend on the
model.

UrQMD results

O FOPI data with ¢

O FOPI data w/o ¢
—— UrQMD with ¢
"""" UrQMD w/o ¢

Al+Al, E,,=1.93 A GeV

0.05

L
0.10

0.15 0.20

E [GeV]

e K~ /K™ ratio as function of Kaon energy.

o With and without the ¢ the ratio is much closer to the data already

as in a comparable study with K~ potential.

v
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About the Kaon potential

Kaon Potentials
@ To constrain the Kaon
potentials from kaon spectra one
needs to understand the baseline

@ For example the ¢ contribution
to the K.

@ But also the general shape of
the spectra may depend on the
model.

UrQMD results

O FOPI data with ¢

O FOPI data w/o ¢
—— UrQMD with ¢
"""" UrQMD w/o ¢

Al+Al, E,,=1.93 A GeV

0.05

L
0.10

.
0.15 0.20

E [GeV]

e K~ /K™ ratio as function of Kaon energy.

o With and without the ¢ the ratio is much closer to the data already

as in a comparable study with K~ potential.

@ Can we make robust quantitative statements?

v

Jan Steinheimer
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Now the =



How to fix the N* — =~ 4+ K + K decay?

No elementary measurements near threshold.
We use p+Nb at Fj,, = 3.5 GeV data — T+ =1 k1 k5 /Tiot = 3.0%
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How to fix the N* — =~ 4+ K + K decay?

No elementary measurements near threshold.

We use p+Nb at Fj,, = 3.5 GeV data — T+ =1 k1 k5 /Tiot = 3.0%

|

HADES data

|

(=)

= /A

(204+0.34+0.4) x 107*

(1240.34+0.4) x 1072

|

UrQMD

|

(=)

= /A

(1.44 £0.05) x 10~*

(0.71 4+ 0.03) x 102

Table: Z production yield and Z~ /A ratio for minimum bias p + Nb collision at

a beam energy of Ey,;, = 3.5 GeV, compared with recent HADES results

G. Agakishiev et al., Phys.Rev.Lett. 114 (2015) no.21, 212301.
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=~ production in nuclear collisions below the p+p
threshold

Ca+CaE, =176 A GeV, b<5 fm; full acceptance
T T T T T T

0L ki KK =iA | A g ol 10° @ =~ vyield in Ar+KClI collisions is
107 110 i
Con . nicely reproduced
2[n 14102 . .

R es $200a 10 e Consistent with the p+Nb data.
10°F 110° . — .

DeA - 0 @ Indication for = production from
10" 110* o .
ol QAT 1ot non-thermal 'tails’ of particle
o} S USEE s© production.

A UrQMD with new decays

107 ‘ ‘ ‘ 107
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=~ production in nuclear collisions below the p+p
threshold

Ca+CaE, =176 A GeV, b<5 fm; full acceptance
T T T T T T

OCHK K KK S MR ;A— 10° e = yield in Ar+KCl collisions is
107} - i 117 nicely reproduced
210 o 41072 . .

10tea $206a 10 o Consistent with the p+Nb data.
10°k 110° . — :
ol Tet - i @ Indication for = production from
el QAT . non-thermal 'tails’ of particle
o} 8 e | |° production.

A UrQMD with new decays . .
S S B S R SRR AU B Py @ All other strange particle ratios

are also in line with experiment



Can we make predictions about
sub-threshold charm production?

J. Steinheimer, A. Botvina and M. Bleicher, arXiv:1605.03439 [nucl-th].

30.06.2016 19 /24



Fixing the N* — J/W + N decay with p+p data

We use data from p+p at /s = 6.7 GeV to fix the N* — N + J/¥
branching fraction.

Assumptions

SIs100 X% X ' '
242 |9
10° Rije 1@ E
10'E B E
g - 3
] /—H
© 407k | [prpodpix E
—e— UrQMD
A Data
10% ¢ p+p-> A+D+X
—a— UrQMD
o0 L : ‘ . .
3 4 5 6 7 8 9
sy, [GeV]
Only 1 parameter
_ -5
Inesngw/Tiot = 2.5-10
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Fixing the N* — J/W + N decay with p+p data

We use data from p+p at /s = 6.7 GeV to fix the N* — N + J/¥
branching fraction.

Assumptions

sisto0 i ; ' ' @ We assume the associated
" gir i1 ; production of N* — A, + D to
10 B 3 be a factor 15 larger at that
T 5 beam energy and to contribute
%0 10l | prmsaivex % about the half of the total
—e— UrQMD .
e charm production.
107 E | [pap-> A +D+X] E
—=— UrQMD
e I A
sy, [GeV]
Only 1 parameter
IneoNJw/Tior = 2.5-107° J

v




Fixing the N* — J/W + N decay with p+p data

We use data from p+p at /s = 6.7 GeV to fix the N* - N + J/¥
branching fraction.

Assumptions

sis100 Tis i3 @ We assume the associated
" gir i1 ] production of N* — A. + D to
' ; ; be a factor 15 larger at that
T //ﬁ%? beam energy and to contribute
" 11| oo —* about the half of the total
—e— UrQMD .
.| A Da charm production.
107 E | p+p-> A+D+X E e
I | s o o We neglect D + D pair
3 4 5 6 7 8 9 . .
Vs, [GeV] production as it has a

significantly higher threshold
Only 1 parameter

Pn+ongw/Tiot = 2.5-107°
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Fixing the N* — J/W + N decay with p+p data

We use data from p+p at /s = 6.7 GeV to fix the N* - N + J/¥
branching fraction.

Assumptions

sis100 Tis i3 @ We assume the associated
" gir i1 ] production of N* — A. + D to
' ; ; be a factor 15 larger at that
T //ﬁ%? beam energy and to contribute
" 11| oo —* about the half of the total
—e— UrQMD .
.| A Da charm production.
107 E | p+p-> A+D+X E e
I | s o o We neglect D + D pair
3 4 5 6 7 8 9 . .
Vs, [GeV] production as it has a

significantly higher threshold
Only 1 parameter

/ - @ We neglect string production
Py ngw/Tior = 2.5 - 107

@ All the contributions should
even increase the expected yield.




J/W suppression in nuclear medium

Detailed balance — absorption 100f -
cross section 10}
@ J/W + p cross section from detailed b ]
balance i . = o
nce is very small g o
I K+p
001k ---- ¢+p ]
— JI¥+p
1E3} //’“
1E-4 . . . L
0.00 0.05 0.10 0.15 0.20 0.25

Vs-Vs, [GeV]

Comparable to: D. Kharzeev and H. Satz,
Phys. Lett. B 334, 155 (1994).
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J/W suppression in nuclear medium

Detailed balance — absorption 100
cross section ol
@ J/W + p cross section from detailed 1l
balance is very small. 5 e
@ Not 'absorption’ of the J/¥, but of :g rrrrrrrrr K+p
the mother resonance. 0.01 -- ¢tp

@ Reactions of the type: 13} //’“
N* + N— N,* + N/* 1E-4 L L . .
* & & 0.00 0.05 0.10 0.15 0.20 0.25
B 7= B < 7 Vs-Vs, [GeV]

where the mass of N'* < N* so no Comparable to: D. Kharzeev and H. Satz,
J/W¥ can be produced. Phys. Lett. B 334, 155 (1994).




J/W and open charm production in nuclear collisions below
the p+p threshold

When applied to central nuclear collisions (min. bias: divide by 5): )
10° T T T T
SIS100 $ibx T -
107F = 'éo =] e Iy
102 air 19 -0- A
10° sitg 19 Au+Au central
>107F CHl < —a—Jly
B 104} ./OV‘— ° ——A,
%‘10"% l/./.”.
E 10°F 1
o] 7 -0~
5 107k _ o -0
o1
= 10°f R ISR B S
10°F o
D T e
Vs, [GeV]
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J/W and open charm production in nuclear collisions below
the p+p threshold

When applied to central nuclear collisions (min. bias: divide by 5): )
10° T T T T
x
o] SIS100 g & é 9
102 3 7% -o-a.
10 ailg £ Au+Aj/cenlraI1 E 6 A GeV
2 ——Jly =
S 0%} S = N b
o —
= 10°) R @ 3-1077 J/¥ per event
= 10%} 1 —6
S0} S — ol @ 4-107° A, per event
= e 4 . e
o }F"““"“’” - @ ~6—8-107% D per event
i ]
L - e s
Vs, [GeV]
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J/W and open charm production in nuclear collisions below

the p+p threshold

When applied to central nuclear collisions (min. bias: divide by 5):

T isto0 ibs ' :
! Tix o ix p+p
107k = '90 =] -o- iy
107} AHT 1T 0" A
" [ Au+Au central
2,10 3 o e o —a—Jly
S0tk b—" A
o | -—a
g 107 ¢ .
= 10°
3
S 107f B o1
(= ~l
10 9 I = = R k.
/L
10°F F
joro bl , . . .
3 4 5 6 7 8 9

Vs, [GeV]

Jan Steinheimer

B, =11 A GeV
@ 1.5-107% J/W per event
@ 2-107° A, per event
@ ~3—4-10"° D per event

30.06.2016

22 /24



Fermi's Golden Rule, heavy resonances and equilibration

If resonance excitation and decay are governed mainly by phase space,
does that help in equilibration of hadron yields? J

Run UrQMD for SIS18 energies and fit FINAL particle yields at different time steps:

J. Steinheimer, M. Lorenz, F. Becattini, R. Stock and M. Bleicher, arXiv:1603.02051 [nucl-th] accepted by PRC.

30062016 23 /24



Fermi's Golden Rule, heavy resonances and equilibration

If resonance excitation and decay are governed mainly by phase space,
does that help in equilibration of hadron yields? J

Run UrQMD for SIS18 energies and fit FINAL particle yields at different time steps:

Ca+Ca, E,,=1.76 A GeV, b<4 fm

Ca+Ca, E,_,=1.76 A GeV, b<4 fm
0.20 " " " 2 T T T T T
Coarse Grained UrQMD —— Fit results:
016 0.9 FR/R, (THERMUS) —m— 1
”””””” s (Florence) -0-
0.12f 06
0.08 |
031
0.04 |
(a)
Fit results: THERMUS  Florence 0.0 +— + —9g
0.00 TGeV] —m— e —+—id o (THERMUS) 12
1/5[GeV] —@— -o- [ @ y°/d.of. (Florence) ] 3
004y 3 5 8 10 12 7 16 18 L ©) y 0
! 4 2 4 6 8 10 12 14
Elapsed Time t [fm/c] Elapsed Time t [fm/c]

J. Steinheimer, M. Lorenz, F. Becattini, R. Stock and M. Bleicher, arXiv:1603.02051 [nucl-th] accepted by PRC.
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Fermi's Golden Rule, heavy resonances and equilibration

If resonance excitation and decay are governed mainly by phase space,
does that help in equilibration of hadron yields? J

Run UrQMD for SIS18 energies and fit FINAL particle yields at different time steps:

Ca+Ca, E,,=1.76 A GeV, b<4 fm

Ca+Ca, E,,=1.76 A GeV, b<4 fm
0.20 T T T T T T T T T
Coarse Grained UrQMD —— Fit results:
016 09 FR/R, (THERMUS) ~—m— 1
”””””” Ys (Florence) -o-
012 06l
0.08 -
03
0.04 |
(@)
Fit results: THERMUS  Florence 0.0 +— t 9
0.00 TGeV] —m— “g- A F —+—(/d.of. (THERMUS) ] ¢
ug/5[GeV]  —@— -o- L #- y°/d.o.f. (Florence) 13
P s A F(b) 3
L
2 4 6 8 1‘0 12 14 16 18 2 4 5 8 10 12 14
Elapsed Time t [fm/c] Elapsed Time t [fm/c]

@ Fit quality is good even after 2 fm/c.

J. Steinheimer, M. Lorenz, F. Becattini, R. Stock and M. Bleicher, arXiv:1603.02051 [nucl-th] accepted by PRC.
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Fermi's Golden Rule, heavy resonances and equilibration

If resonance excitation and decay are governed mainly by phase space,
does that help in equilibration of hadron yields? J

Run UrQMD for SIS18 energies and fit FINAL particle yields at different time steps:

Ca+Ca, E,,=1.76 A GeV, b<4 fm

Ca+Ca, E,,=1.76 A GeV, b<4 fm
0.20 T T T T T T T T T
Coarse Grained UrQMD —— Fit results:
016k 09 -RJ/R, (THERMUS) —@— 1
777777777777 Ys (Florence) -0-
012 06k
0.08 -
03
0.04 -
(a)
Fit results: THERMUS Florence 0.0 ' ~ + ' =1
0.00 TGeV] -m “g- A —¢—/do.f. (THERMUS) 1
1/5[GeV] —@— - - b - y%d.o.f. (Florence) 13
O S A F(b) 3
2 4 6 8 10 12 14 16 18 2 A 14
Elapsed Time t [fm/c]

6 8 10 12
Elapsed Time t [fm/c]
@ Fit quality is good even after 2 fm/c.

@ Extracted values of T and pup consistent with coarse rained approach which
assumes instant local equilibration.

J. Steinheimer, M. Lorenz, F. Becattini, R. Stock and M. Bleicher, arXiv:1603.02051 [nucl-th] accepted by PRC.
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Summary

@ We introduced a new mechanism of ¢ and = production in elementary
and nuclear collisions, through the decay of heavy resonances.

@ We can nicely describe the ¢ and =~ production in elementary and

nuclear collisions near and below the ¢ production threshold from
elementary input.




Summary

@ We introduced a new mechanism of ¢ and Z production in elementary
and nuclear collisions, through the decay of heavy resonances.

@ We can nicely describe the ¢ and =~ production in elementary and
nuclear collisions near and below the ¢ production threshold from
elementary input.

@ We made predictions for sub threshold J/¥, A. and D production in
sub threshold collisions at the SIS100, observing a realistic chance of
J/WU and open charm measurements.




Comparisons to HSD

Parametrized cross section for .J/ ¥

o (o) = fa (1 - m7> (ﬁ)ﬁe)(ﬁ— V%)

m;
10° T < T T 10° T << T T
x
SIS100 >+; Ié é 10 [ | SIS100 i 'é é vawo | J
S _: > o -0~
0% R @ E 107k b Ao ena 1
1A o 10°F i i“ é_ -y
i L o ] > 10 b a o - == HSD
P
2 10°F
9.0 =
= 10°F E10°F
3 S 107f
O qgrf | [Prp2diveX - T 10°
—e— UrQMD 3 r
A Data ,I'F = 10°F
2| ] 10
102E | HSD p*o " 10"
g 10" 1
o0 L . . . . jor bl \ . . . .
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s, [GeV] \s,, [GeV]

HSD results taken from:
O. Linnyk, E. L. Bratkovskaya and W. Cassing, Int. J. Mod. Phys. E 17, 1367 (2008)
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Comparisons to hadronic Lagrangian

Cross section for p+p — p+ D" + A,

10° T 5 ;
x
SIS100 2 |§ -
10° R -7 4
aiiA -
ailg,
il o J
10 A
— 1
D | ]
s
© 1071 4
1021 P*p-> AFD+X ]
—=— UrQMD
= = Nucl.Phys. A728
108 = n . . .
3 5 6 7 8 9
s, [GeV]
Taken from:

W. Liu, C. M. Ko and S. H. Lee, Nucl. Phys. A 728, 457 (2003)
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The extracted cross sections depend on model assumptions

SPring-8 J

Used a Glauber model for the absorption.
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The extracted cross sections depend on model assumptions

SPring-8

Used a Glauber model for the absorption.
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¢ suppression in nuclear medium

Detailed balance — absorption cross section

J
doba _ (P2) (281 +1)(252 + 1) <~ (jimajema| [JM)? dou—
dQ (p2) (293 +1)(25a + 1) & (jamajama| [JM)® dQ
) ) 100
@ ¢ + p cross section from detailed balance
is very small.
_ 10F
£

bg nl

T ]

K+p
0'8.00 0.65 0.‘10 0}15 0.20 0.25
y Vs-\s, [GeV]
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¢ suppression in nuclear medium

@ ¢ + p cross section from detailed balance 05
is very small.

@ Still the transparency ratio is well 5
reproduced. Remember: this is what lead <

. N

to the 20 mb cross section from ANKE. T 0 AuC
o1l & Ag/C
o CulC

0.6 0.8 1.4 1.6

1 .‘0 1 ‘.2
’ p, [GeVic]
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¢ suppression in nuclear medium

@ ¢ + p cross section from detailed balance
is very small.

@ Still the transparency ratio is well
reproduced. Remember: this is what lead
to the 20 mb cross section from ANKE.

@ Cross section from trabsparency ratio is

model dependent!

Jan Steinheimer
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¢ suppression in nuclear medium

@ ¢ + p cross section from detailed balance
is very small.

@ Still the transparency ratio is well
reproduced. Remember: this is what lead
to the 20 mb cross section from ANKE.

@ Cross section from trabsparency ratio is

model dependent!

@ Not 'absorption’ of the ¢, but of the
mother resonance.

@ Reactions of the type:
N*+ N — N™* 4+ N"™
N*+ N — N*+ N

where the mass of N'* < Nx so no ¢ can

be produced.

Jan Steinheimer
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¢ production in nuclear collisions below the p+p threshold

Even centrality dependence works well: J
06l E=1.93AGeV | ' " ()
—=— Ni+Ni UrQMD
o4l ™ FOPIData 'S
& +
<
0.2
0.0
o 015
o
‘C_> 0.10
x
e 005t
=
0.00 . . . . .
0 20 40 60 80 100 120

<A >

part

Data from: K. Piasecki et al., arXiv:1602.04378 [nucl-ex].
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¢ production in nuclear collisions below the p+p threshold

Even centrality dependence works well: J
06l E=1.93AGeV | ' " ()
—— Ni+Ni UrQMD
m  FOPI Data
¢ O '
<
o2r 1 o Centrality dependence nicely
00 ' : : : * reproduced.

@ Good indicator for multi

o.10f step production.

0.05

o/ x 1000

0.00

0 20 40 60 80 100 120
<A >
part

Data from: K. Piasecki et al., arXiv:1602.04378 [nucl-ex].
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Backup

g
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Strangeness Production in UrQMD

Strange particle production goes
ONLY via

Resonance excitation:
o N+-N— X
o N+M— X
e M+M— X

Jan Steinheimer

Relevant channels:

Q@ NN — NAq23
Q@ NN —» NN*

Q@ NN — NA*

QO NN — Aq232A1232
@ NN — Aoz N*
Q@ NN — AqgzaA*
Q@ NN — R*R*

30.06.2016
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Strangeness Production in UrQMD

Strange particle production goes
ONLY via

Resonance excitation:
o N+N— X
o N+M— X
e M+M— X

Jan Steinheimer

N*(1650) | A(1232)
N*(1710) | A(1600)
N*(1720) | A(1620)
N*(1875) | A(1700)
N*(1900) | A(1900)
N*(1990) | A(1905)
N*(2080) | A(1910)
N*(2190) | A(1920)
N*(2220) | A(1930)
N*(2250) | A(1950)
N*(2600) | A(2440)
N*(2700) | A(2750)
N*(3100) | A(2950)
N*(3500) | A(3300)
N*(3800) | A(3500)
N*(4200) | A(4200)
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Strangeness Production in UrQMD

80

- p+p

Strange particle production goes
ONLY via

Resonance excitation:

) o PDG elastic -
é 0 PDG total
— UrQMD |
o N+N— X R
ine.las(ic
o N+tM—s X
e M+M— X L . _—
v 2 3 6 7 8 910

4 s
Vs, [GeV]

N-+N Cross section

01.23.4(V/3) o (283 + 1)(254 + 1) gjz; |M (m3, m4)|?

with

b

M(m3,m4)> =
[ (m3, m4)| (ma —m3)?(ma + m3)?
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Predictions for Au+Au at Ei, = 1.23 A GeV

Au+AUE, =123 AGeV,
T

10°F K Kl KUK

107

102V a

10°F

w0 v Ai =~ /A does not decrease much. J
10°} 1.23AGeV AutAu 3

@ HADES - PRELIMINARY, mid-y
[ UrQMD with new decays: "
10 WV E,=123AGeV AutAu, [y|<0.1, b<9.5 fm 410
A E,=176AGeV Ca+Ca, all-y, b< fm

107 n n L L 107
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