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Strangeness in NN and nuclear matter:
*A(1405) production and search for ppK- in pp reactions
skaons (KO) , Z(1321), ¢ production in A+A

p/o mesons in NN and p+A



High Acceptance Di-Electron Spectrometer

__Side View

“. _ TOF

% Beams from SIS18: protons, nuclei , pions
2.0 GeV<\s<3.2 GeV

% Spectrometer with high invariant mass
resolution - 2% at p/®

% Versatile detector for rear probes :

. dielectrons (e+,e-)
. strangeness: A, K+0 | ¥(1385), = , ¢
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HADES is optimized for the detection of low-mass vector mesons!

Experiences from DLS called for large acceptance.


Kaons in nuclear matter
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HADES : PRC87(2012)025201
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Search for ppK- bound state in p+p @ 3.5 GeV
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aim: global analysis of HADES/DISTO/COSY-TOF data



Case of A+A @ 1-2AGeV

s Vogel et al. (URQMD) arXiv:0710.4463v2

1-2 AGeV : moderate densities but long system life time

;‘.11 -_— Elub—2 AGQV
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st !:' ‘~1 — Ee=30 AGeV | Baryonic matter:
J1 o AutAu ® plpy = 1-3, T< 80 MeV, 1 ~12-14 fm/c

nucleons, baryonic resonances (~30%) A

mesons(119) ~10% “resonance (A, N*) matter”

® Sub-threshold production of (o, ¢, K K+, E) :
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KO

KO, in Ar+tKCl @ 1.756 GeV
% 10 data: HADES PRC 82 (2010) 044907

(a) -0.07<y__ <0.07

A data ]
== With pot
snm wfo pot

30

20 _::/{‘7
: A
10-A

K*in AutAu @ 1.0 GeV

< and K* production in A+A

flow:

[eif plane squeeze-cut|

Kaos PRLett. 95(2005) 012301

- Au+Au, 1.0 AGeV

QMD w/o pot.

QMD, with pot. E
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Transport models: Uy, = 20-40 MeV

Kaons are repealed from nuclear matter:
» flow out of plane : KAOS, FOPI
» reduced yield at low p, (p): FOPI, ANKE

» Results for K- are not yet conclusive...
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...but usually assumed m" = m(1- a pg / py)

far too simple...
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¢ and ¢/w ratio in Ar + KC|
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Double strange & (1321) in Ar+KCl

data: PRL 103 (2009) 132310
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STAR first measurement 640 MeV below NN
threshold !

what is the production process?
strangeness exchange
KY-o>ns-7?

! * L @ 2 production significantly larger then
108 05 1 transport & statistical hadronization models
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yield

Exp/ THERMUS

Statistical hadronization model at work

data : Ar+KC|I HADES:
EPJA 47 (2011) 21

SHM: S. Wheaton, J. Cleymans,
Comp. Phys. Comm. 180 (2009) 84

calculation with Thermus (SHM): strangeness:
canonical ensamble with suppression induced
via strangeness conservation colume (R )

* enhanced n (2), ¢ (hidden strangeness)

* enhanced Z (~25)

* overal y?/n.d.f ~2.3
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* what is the mechanism of thermalization?

J. Cleymans et al., PRC 73 (2006) 034905
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p -meson in vacumm and nuclear matter

IFJ°
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e+e- annihilation into 2 pions: charged pion form factor

p meson dominance

1967: Sakurai
Vector Meson Dominance

n* 7~ annihilation into e+e- in hot nuclear matter (HI collisions)

fEmE, 0 NAGD —— ]
} Eﬁﬁﬂ no baryons ]
full model
all qp _
T =T, =175 MeV, a=0.1 ¢¥/fm
0.2 04 06 08 I 1.2 1.4

M (GeV)

p meson gets very broad !

Melting of the meson in nuclear matter



Vector mesons in medium & ChS restoration..

A |<dpy|  early motivation . : :
hadronic many body interactions-
SPS p spectral functions..

< ,T5p - beams
VP p- meson at 2 X py

LHC SIS 18
/\ TP TN = P r
’ -
T [MeV] B | SIS 200 Ry, -
‘:‘~ . v 4 \6, N-1

- -
________

G.E. Brown / M. Rho: Scaling of masses
with x-condensate (PRL 1989, 1991)

m ~m(gg’) /(@)

T. Hatsuda /S. Lee: QCD sum rules
PRC46(1992)R34

m :m(l—ap*/p)

NPA 741 (2004) 81, NPA 780 (2006) 187

S. Leupold et al.



p+p vs p+Nb @ 3.5 GeV

data: arXiv:1205.1918 submitted to PRL
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* large acceptance at small M
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e p+p cockail : based on known sources fixed to data n° /n/ o/ p

Nuclear modification factor

and p (<1 GeV/c) ( first measurement at low p !)

underestimeted e+e- yield below VM pole — missing component? -> higher resonances (A, NY)




e+e- excess in p+Nb

.Slow” (p<0.8 GeV/c) pairs ,excess over pp reference”

d clear excess in p+A below VM pole & absorption of @ (observed also in v+A exp)

secondary reactions : n+N — N*(1520),N*(1720), A(1620)—>Np—Ne+e- (i.e transport models)

or/and in medium p modification ?

first R>pe+e- decay process must be understood !
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Baryon resonance structure

Space-Like el. Transition Form Factors Time-Like el. Transition Form Factors : Dalitz decay

P studied atJLab/CLAS/MAMIL,.. | Vector Dominance Model e-

pion electroproduction Dalitz Decays: poorly known !

¢ directly related to:

-

ep—eNmw [
N* N *
" P ¥
Space Like ,©L< —?\\=‘*‘<
domain /- F
q2 <O N-1 N
|

0 2My, 02



e+e- from Baryon Resonances in vacuum

pp->ppr® @3.5 GeV eTFF-em. Transition

pp->ppete- @3.5 GeV Form Factors
—-data .

- =+ simulation . -t Eﬁfﬂerlment

6L — A(1232) 10°F Tl—H'EE

B = N*(1440) B — oo’ $
‘ - -= N* i — p—se'e
o i . — 588
2 L * “ p, o, p, @,
v o N*(1680) Z
Q 4 A(1620) = X
c r A(1700) .
E ¥ ! - —Apso) = eTFF

C };}’H ")
= [ \ st > 10°-
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» Resonance contribution estimated . Resonances (R) with Mass up to 2 GeV
from ppn® and pnz* channels included

calculations with point-like RNy* does not
describe data

eTFF(Me*e-) dependence very important ->
Vector Meson contribution !
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pion beams at SIS18: HADES in 2014
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differential distributions are even
more scarse (or missing)

Badly need for hadron physics to
Improve our undertsanding of baryon
resonance properties!

For physics discussed in this talk:

» 7+ n- production : coupling of p to resonance

old ,Manley” analysis PRD30,(1984) 904

1.3 <Vs <2 was based on 240 000 events (differential;

distributions not avialable)

Full excitation function can be measured with HADES
within 2 weeks!

+ many otherslike : t " p—>np, n p > KA, K ¥
needed for PWA and coupled channel calculations
» e+e- never measured

Resonance Dalitz decays R—Ne+e- (electromagnetic
Transition Form Factors)

* meson production of nucleus : K*, p, ®, ¢




Radiation from baryonic matter

Dense matter 2-4p, :
Vacumm baryon resonances + nucleons +
(20-30%) pions

A(N") —>Ne+e-

e+

o ¢""Ae'

1q pion

cloud

1) How does the y*(e+e-) couples to

resonance . .
superposition of NN reactions?

1) How does the radiation from multistep processes (transport) ?
,Jresonance” matter look like? _
thermalized system ?



CC compared to NN reference.

cocktail: ,long lived sources’-freeze out

—
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¢ C+C data (1 and 2 AGeV !) reproduced (within 20%) by superposition of NN interactions

(reference) — no room (within error bars) for in-medium effects
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e+e- pairs from Ar+KCl @ 1.756

Cocktail with ,freeze-out” comp.

n component subtracted
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d excess related to radiation from inside of the firelball
¢ radiation from short lived resonance states propagating in matter ?

Tfirellball ~ 8'10 fm/C > TAN 13 fm/C —> Ne+e e+e VO|Ume
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Stat. model (R. Averbeck at. al. Phys.Rev. C67 (2003) 024903 ) fit to pion/eta/d/N (TAPS) say that at ~1.76 AGeV 30-40% of all pions are at freeze-out bound in Delta and 40-50% are free (depending on size of the system). On the other hand etas comes mainly as free (decoupled from N(1535)).
Tc ~Tb based on neutral meson ratios


Summary:

» new K% data support repulsive KN in-medium potential ; A(1405) is crucial for antykaon

properties in nuclear matter -> pp data waits for comparison with microscopic calculations
» enhanced ¢ production w.r.t. NN/ N data
» enhanced (above SHM predictions) production of double strange =(1321)
> in-medium effects on p ( p+A) are not clear yet :

determination of p -meson shape in N-N collisions (,vacumm?”) is far from trivial and requires

better understanding of A/N*-p couplings — el.Transition Form Factors , work is in progress

Properties of baryon resonances in nuclear matter are strongly related to the in medium p
properties
» pion beam programme essential for understanding of vector meson in-medium properties &

kaon production
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The HADES detector is installed on the GSI facility, but HADES is a european collaboration. Actually 150 persons working in about 156institutions all over Europe. 15” tot 45”


N+N reference (Il): e+e-in n+p

calculations: R. Shyam and U. Mosel Phys. Rev. C Large isospin effect at 1-2 AGeV!
82:062201, 2010 data: HADES PN A

AR AN A DLS

P+P
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o = L pn decay
2 ' Q L N
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0] Total QM (NEFF) ; 6 [ . — ]
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Beam Kinetic Energy (GeV)

* 1 production — fixed by COSY, WASA data
e bremsstrahlung pn—pne+e- (non resonant), why it is so

much different from pp?
R. Shyam and U. Mosel Phys. Rev. C 82:062201, 2010

charge pion exchange & pion eFormFactor

do/dM [ub/(GeV/c)]

N IR ¥
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Resonance reconstruction

strangen eSS
Ar + KCl @ 1.75 AGeV: excellent rec. capabilities
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Counts
—

—

Vector mesons in cold matter- experiments

CLAS PRL 99 (2007) 262302

direct : p meson

SRS et bl line shape
00 [miaa P —= e+e- .
- —— fit result Fe-Ti
80 [ A
L vt
60 Iy =217 MeV, |l 1133Gev
wk ' * no mass shift
2l * p broadenning
0 T S (e TR . %&m s
0.2 0.4 0.6 0.8 1 1.2
e+e— Invariant Mass (GeV)
o absorption indirect: transparency
1 T T | —— r=193 MeV (Giessen)
I N =236 MeV (Giessen)
0.8 — S =150 MeV (Valencia) T G}/A_)VX
T =210 MeV (Valencia) A~
NS Ao
0.6 1 v" __ }’N —)VX
---------- a _ e+e_
[ ] |\|e+e— oC 1ﬂe+e—z-meson _
0.2 - CLAS: PRL 105 (2010) 0112301 i Ft ;
- CBTAPS: PRL 100 (2008) 192302 . . 0
_||||||||||||||||||||||_ F(DNpNV(DGVN

0 50 100 150

A

200

KEK-E325 PRL 96 (2006) 092301

p+Cu 12
GeV

* p mass shift
m’/mg =
1 - 0.09p/ pg

@ large » absorption —

r = 210 MeV !

tot,m —

d ¢ meson (SPRINGS, ANKE)
r, ~33-50 MeV




Strangness production in ArKcl
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