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Marcus Bleicher and Jan Steinheimer
Frankfurt Institute for Advanced Studies
Institut fYr Theoretische Physik
Goethe UniversitSt - Frankfurt
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And why isit interesting for us?
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! In elementary reactions, e.g. pp, itis not possible to
produce a particle with mass m,,,, ,
If mp+me+m, ., >Eqy o, (ENergy conservation)

! However, in p+A and A+A reaction this is possible

! The question is, what mechanism allows for the
production and are they realized

Marcus Bleicher, Bormio 2017
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Generally three different mechanisms are available:

1) Fermi motion
(more energy available than we thought)

2) mass reduction/potentials
(lowers the threshold for production)

3) multi-step/multi-particle processes
(collect energy to reach the threshold)

Marcus Bleicher, Bormio 2017
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! Explores multi-strange particle production
l.e. ! and " production

- solves a long standing puzzle at GSI energies
! Explores charm production

l.e. J/ #, Lc and D-mesons
- new road for a charm program at FAIR

Marcus Bleicher, Bormio 2017
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0.8 - 1 ' ;
HADES preliminary o central, |y|<0.5 ' pI‘OdUCtIOH
L : Data 1
oGl & héproducton threshold | HADES and FOPI reported unexpected
n lementaryp+p large! contribution to the K* yield.
| FOPI
0.4+ ! ’
= : HADES
ozl i E917 NA49 i
18 o
00— , ' — '
Vs, [GeV]

G. Agakishievet al. [HADES Collaboration], Phys. Rev. C 80, 025209 (2009)

® Marcus Bleicher, Bormio 2017



E(,.&0,.(+3%"

: | production
-1
10 - HADES and FOPI reported unexpected
f large! contribution to the K' yield.
i I production
? 107 s oMLY I'' yield, measured in Ar+KCI much large
7 o o than thermal model.
107 « L2NEO $P(%Q? Conbrmed in p+Nb!  No Y+Y exchange!!
C >K ) ) o
e R I T | o
¢’ Vspy - VSy,  [GeV] Both particles are not well described in
T T microscopic transport models and thermal
1 10 10 10 bts are also not convincing.
sy [GeV] ‘

FI2"-/(%$D(291) ) ! SRESHEWER
FI2"-/(%$D(291) ! " IXIX $RSYHBLS?

G. Agakishievet al. [HADES Collaboration], Phys. Rev. C 80, 025209 (2009)

Marcus Bleicher, Bormio 2017



C2(606.; .-

Sub-threshold production baseline

e Fermi momenta lift the collision energy above the threshold.

@ Secondary interactions accumulate energy.

?

110’

(a) Cat+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
LA NN SN SN SN N S S S S S S ——— —— — — ——— R i R | R B LA | LN I DL DL BN ] L L LA |
A4 Maximal available Mass from initial scatterings
10 E| - - - Actual Mass of N* from initial scatterings F 3
[| —— Mass of all N* decaying
[ <
[ z !
=) ! z
“N->100; z & E
s L€ 2 Z
c L 5 |
16 [1]
c zZ [1] +
£ I k3 A
=10 1:— [ + E3 ~ 3
s : a |
© ;1 T /I ||
. L \
' 1 1\
1025— P * ) i ! ‘ \\\/\ E3 ! ; E
[ T T T B c o o F e My W E o N ]
1.01214161820222426 1214161820222426 1214161820222426

Why not introduce these decays for the less known resonances?

Invariant mass M [GeV]

10°

10

1107
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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)

Marcus Bleicher, Bormio 2017

[m]
0 PDG elastic
o PDG total

-----------

UrQMD total
elastic

inelastic

- - = string

------ double resonanctla"

%)(2,0+,3$1"#$2"-(+0+7"-$2")'07"$,/"$-,2.+8-[?
+($0%%.,.(+0% $72(--$-"7,.(+$.-$.+,2(%57"%?
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We use ANKE data on thé production cross section to Px the

N'" N + ! branching fraction.
180

1ol M ANKE data ]
UrQMD _
140 _

[nb]
g B

E ¢ production threshold

Only 1 parameter

! N!'" N!/! tot =0.2%
1 parameter pts all 3 points!

(0]
o
LA
1

p+p—p+p+d

(o2}
o
— T
1

(e)
N
o

N
o

0 P | " 1 " 1 L 1 ' | L 1 1 1 L
260 264 268 272 276 280 284 288
E,.. [GeV]

Y. Maeda et al. [ANKE Collaboration], Phys. Rev. C 77, 015204 (2008) [arXiv:0710.1755
[nucl-ex]].
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absorption cross section
I (1]

Detailed balance!

dib o _ P2 (251+D)(2S:+1) # jamyjama|[IM# diar b
d! "PEH#(2Ss +1)(2Sa+1) |_ | "jamajama|[IM # !
1005—
@ " + p cross section from detailed balance i
Is very small. ol
g |
e |
i3
o ¢+-p_ ____________________________
——K+p
0.1 —_—— T
) 0.00 0.05 0.10 0.15 0.20

0.|25
Vs-Vs, [GeV]
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Detailed balance! absorption cross section

! "’ + . .
Ao a P2 @SI+12S2+1) # "jamajoma|[IM# dl ar b

d "pi#(2S3+1)(2Ss+1) y= 3, "IsMajama][IM #£ d
0.6
@ " + p cross section from detailed balance o0
IS very small. 04
2]

@ Sitill the transparency ratio is well iifo.s
reproduced. Remember: this is what lead| .

to the 20 mb cross section from ANKE. T | o Au/C

: . | A Ag/C

@ Cross section from transparency ratio is o A

model dependent! y *%s 08 10 12 14 16
P, [GeV/c]
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When applied to nuclear collisions: |
08— — . e Qualitative behavior nicely
HADES preliminary ---@-- UrQMD, Au+Au,
: ' central, [y|<0.5 reproduced
: ¢ production threshold O Data . .
06r in elementary p+p e Predicted maximum at 1.25
A GeV
< e High energies: too low due
to string production
02l NA49 |
g ¢ o | e HADES preliminary results
oL T for 1.23 A GeV, see HADES
’ Vs, [GeV] talks by R. Holzmann and T,

Schelb.

Even centrality dependence is very well reproduced: Signal for multi ste
processes.

® Marcus Bleicher, Bormio 2017 )
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Even centrality dependence works well: )
06l E=193AGeV | | " (a)]
Ni+Ni UrQMD

o4l W FOPIData

x |

= . .
02f e Centrality dependence nicel
0.0 reproduced.
0.15

e Good indicator for multi
step production.

20 40 60 80 100 120
<A >
part

Data from: K. Piasecki et al., arXiv:1602.04378 [nucl-ex].
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—
> K* AI+Al, E,_,=1.93 A GeV |
Q

= 8r 1
o LI

x 6 EEEE

=

O

D

Z 4t

o}

O

s |

£3 2| —— UrQMD with ¢ .
'-"é -------- UrQMD w/o ¢

% . m FOPI data

000 005 010 015 020 025  0.30
Ecn [GeV]

9((%$%"-72.),.(+$(D$,/"KO(+ $%0,0?
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— 4 . . —
> Al+Al, E, =1.93 A GeV
Q K |
o 3

2 ,

= g §

B2t o

<

n

o}

O

2 1

£3 | — uQMDwithy NS
] e UrQMD w/o ¢
> @ FOPI data
© 0 1 1 1 1 1
0.00 0.05 0.10 - 0.15 0.20 0.25 0.30
Ec [GeV]
o
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Al+Al |
1.9A GeV

IRY)

)
S 1 i
+
2 e N
= 1 i
! ,,,,,,
1r_ Uc(p)=40Mev T T
| T Ui(pop=0)=-50 MeV | |
........... NO Pot. = U H(p)=40 MeV, no K Pot.
o | L | L

0.1 0.15 0.2 0.1 0.15 0.2
kin
ECM (GeV)
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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Kaon Potentials 5

e To constrain the Kaon
potentials from kaon spectra one
needs to understand the baselines °|

9
X

e For example thd contribution

Al+Al, E,_,=1.93 A GeV |

| - FOPI data with ¢
to the K*. 1L g FOPI da:aw/to¢
UrQMD with ¢
e But also the general shape of e UrQMD wio ¢
the spectra may depend on the 8w~ ocs IEk‘“O-[geV]I 015 020
model. -

v

UrQMD results
e K' /K * ratio as function of Kaon energy.

e With and without the! the ratio is much closer to the data already
as in a comparable study witK ' potential.

e Can we make robust quantitative statements?

Marcus Bleicher, Bormio 2017
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No elementary measurements near threshold.
We use p+Nb atE|gp =3.5GeV data" !Nt 1 +k+k /! tor =3.0%

HADES data
$ % NE
(2.0+ 0.3+ 0.4)& 10 * | (1.2+ 0.3+ 0.4)& 10 ¢
UrQMD
$ % I H#
(1.44+ 0.05)& 10 * (0.71+ 0.03)& 10

Table:" ' production yield and' ' /# ratio for minimum biasp+ Nb collision at
a beam energy oE;p, = 3.5 GeV, compared with recent HADES results

G. Agakishievet al., Phys.Rev.Lett. 114 (2015) no.21, 212301.
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10°

10°F

1071

102F
10°F

10*F

Ca+Ca E_=1.76 A GeV, b<5 fm; full acceptance
T T T T T T

- K'n" Kin KIK® E/IA An = 3
E T Ein oA
Gan o®A d/K 7
¢ L =K N
(m]
Oe A
¢ 1

€ HADES data m]

O UrQMD with Y+Y exchange

A UrQMD with new decays

110°

110

110°

® Marcus Bleicher, Bormio 2017

110°

1107

1107

1 ' yield in Ar+KCI collisions is
nicely reproduced

Consistent with the p+Nb data.

Indication for! production from
non-thermal OtailsO of particle
production.

All other strange particle ratios
are also in line with experiment
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Bold..., but possible...

J. Steinheimer, A. Botvina and M. Bleicher, arXiv:1605.03439 [nucl-th].
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F _
We use data from p+p at S=6.7 GeV to PxtheN'" N + J/!
branching fraction.

Assumptions

e We assume the associated
production ofN' " #.+ D to
be a factor 15 larger at that

10—
F SIS100

10° ¢

1015—

210 beam energy and to contribute
LR e about the half of the total
E  |—e—UrQMD .
bl A Da charm production.
10 £ |p*p-> A*D+X L
I L e We neglectD + D pair
3 4 7 8

production as it has a
signibcantly higher threshold

e We neglect string production

e All the contributions should
even increase the expected yieJ

%{GSV]
Only 1 parameter
"Nt oNgt ot =2.548107°
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Detailed balancé absorption
Cross section

@ J/! + p cross section from detailed
balance is very small.

@ Not OabsorptionO of th¥ ! , but of
the mother resonance.

@ Reactions of the type:
N'+N! N'"+N"
N'+N! N"'"+N"

where the mass oN"* <N ' so no
J/'! can be produced.

® Marcus Bleicher, Bormio 2017

100[ - _
105 e .Q.O_Q.Q_O_Q__o_@.Q.c;-Q--c'x:SO"O'O''g
N
oy e
E 01
R K+p
©001f ---- ¢+p
— J/¥+p
1E 3 3 /
1E_4 ' ' 1 N 1 N 1 N 1
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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When applied to central nuclear collisions (min. bias: divide by 5): J

o1 SIS100 EE E = 1
3 S o 1 t O v 3
107 | aiix 19 -o- Ay |
N: Lo Eg Au+Au central |
21 He = 1 Epp =11 A GeV
2107 o
£ 10°} o 1.5410 © J/! per event
= 10°k ’ z n
S 1o R e 2410 ° " . per event
e, . ) _
o o ! 3" 4410 ° D per event
E E y
107° —
8 9
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Parametrized cross section for!

I 1] l 1 1
" ! = § " 11} (1]
NN —_— . 1t ] o _.
INN(g)= fia 11 L = "( 5! &)
S M
103§ T K T :I:>< ':><I T T 100§ T T T T ><I >< T ><I T T
- SIS100 el E 107 S18100 LR & urao
10°F Rl o 4 107§ 1< & A contal]
; Bl 12 SRk ik
10"k e | 210*k . =oo HSD
F () ' -6 é
E ' ' = 107
ey T S
-8 100k : ! = 10°k
— : ' > 3
:c:>b : : | S 107k
4[| prp->dhuEX ; ; — 8l
107¢ Ze Uravp 4 ..g 108§
A Data 1 2 10-9g
2 [ 10f
107 HSD pp 107k
i 10"
-3 1 n 1 -12 [ 1 1 n 1 1 1 1
10 . 10 4 5 6 7 8
Vs, [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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. —0
Cross section for p+p —p+ D" + Ac J0%2(+.7%0820+8.0+?
10° pr—r—— 3 I '
10°¢ [t L
101 Q:g/

GtOt [n b]
2
T

102 _ p+p-> Ac+D+X
F —=— UrQMD |
L= = Nucl.Phys. A728 | i} :
10° 1 ; 1 ; 4l A 1 . .
3 4 6 7 8 9

5
\/SNN [GeV]

Taken from:
W. Liu, C. M. Ko and S. H. Lee, Nucl. Phys. A 728, 457 (2003)
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I A new mechanism for the production of "and ! is
Introduced and validated in elementary collisions

! This new branching ratio of high mass resonances is
fitted to available data and extrapolated to AA

! It allows for the first time to describe the sub-
threshold multi-strange particle production

! If this mechanism is also be applicable to charm
production it may open a new road for charm
studies at FAIR-SIS 100
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