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Mini-Workshop
”Electromagnetic Radiation off Colliding Hadron Systems:
Dileptons and Bremsstrahlung”

Since several years various groups of the Institute of Nuclear and Hadron Physics at
Forschungszentrum Rossendorf (FZR) are involved in medium energy physics projects
where electromagnetic signals play a role:

(i) pp bremsstrahlung experiments at COSY-ToF have been proposed by a group from
Dresden with FZR participation, and a large part of the ToF detector system has been
built in Rossendorf.

(i) The FZR is presently building one of the large wire chamber planes for the HADES
detector at GSI and is also actively taking part in the HADES commissioning.

(ii) The theory group here at Rossendorf is working in the field of dilepton production
and other electromagnetic processes.

To discuss the research in these fields with colleagues from other places and to co-
ordinate the efforts this mini-workshop was organized. The idea was to discuss the
results of the experiments at different accelerators, the status of the calculations and
the plans for future investigations. Besides bremsstrahlung special emphasis will be on
dielectron production; other processes with electromagnetic signals (like vector-meson
production) have also been discussed.

E. Grosse B. Kampfer



Electromagnetic Radiation off Colliding Hadron Systems:
Dileptons & Bremsstrahlung

Miniworkshop at the

Forschungszentrum Rossendorf near Dresden,
Institute of Nuclear and Hadron Physics

April 16 - 17, 1999

Lecture Hall (Kleiner Horsaal im Haus 120)

Programme

Thursday, April 15: Arrival

Friday, April 16 :
chairman: E. Grosse

9.00 a. m. E. Grosse (Rossendorf): Opening
U. Mosel (Giessen): Hadrons in medium - overlook and perspective
J. Bacelar (Groningen): Virtual bremsstrahlung experiments in few-body
systems at KVI
Break
chairman: H. Freiesleben
11.15am. J. Ritman (Giessen): Rho, omega, phi production in pp reactions near
threshold
V. Hejny (Jilich): Photoproduction of light mesons - results from
TAPS at MAMI
Lunch
(Canteen)

chairman: B. Kampfer

1.45 p.m. O. Scholten (Groningen): pp bremsstrahlung: theory & polarization effects
C. Fuchs (Tibingen): Background contributions to dilepton spectra in
pp collisions
N. Kalantar (Groningen): Bremsstrahlung experiments at KVI

Break



4.15 p.m. S. Scherer (Mainz):
J. Zlomanzcuk
(Uppsala/Warszawa):
E. Kuhlmann
(Dresden/Jiilich):
Buffet -
Dinner
Saturday, April 17:
9.00 a.m. J. Wambach (Darmstadt):
G. Wolf (Budapest)
Break
10.45 a.m. M. Krivoruchenko
(Tiibingen):
F. Dohrmann (Rossendorf):
P. Tlusty (Rez):
Lunch
(Haus 120)
1.00 p.m. R. Holzmann (GSI):

Departure

R. Schicker (GSI):
W. Koenig (GSI):

chairman: K. Moller
NN bremsstrahlung and Compton scattering -
examples of the impossibility of measuring

off-shell effects
Bremsstrahlung experiments at CELSIUS

Bremsstrahlung experiments at COSY/ToF

chairman: J. Friese
Dileptons and chiral symmetry restoration
Describing the in-medium rho & omega

chairman: J. Stroth

Deacay rates for dilepton production in HICs

The HADES project
Status of the HADES - TOF

chairman: P. Senger

First experiments with HADES: e"¢”
production in pp and AA collisions
Dalitz decay measurements with HADES

Omega meson spectroscopy at HADES in pi-A
reactions



Participants

Who
Bakelar, J.
Bielcik, J.
Brinkmann, XK.
Eberl, T.
Fabietti, L.
Freiesleben, H.
Friese, J.
Fuchs, C.
Hejny, V.
Holzmann, R.
Kagarlis, M.
Kalantar, N.
Karsch, L.
Kivoruchenko, M.
Koenig, W.
Kugler, A.
Kuhlmann, E.
Mosel, U.
Miinz, C.
Richter, M.
Ritman, J.
Schadmand, S.
Scherer, S.
Schicker, R.
Schénmeier, P.

Scholten, O.

From
Groningen
Darmstadt

Dresden
Miinchen
Miinchen

Dresden
Miinchen
Tiibingen

Julich
Darmstadt
Darmstadt
Groningen

Dresden
Tibingen
Darmstadt

Rez

Dresden/Jiilich

Giessen
Frankfurt
Dresden
Giessen
Giessen
Mainz
Darmstadt
Dresden

Groningen

Where
Pension ARCADE
Pension ARCADE

privat
Pension Zu den Linden
Pension Zu den Linden
privat
Pension Zu den Linden
Pension Zu den Linden
Pension ARCADE
Pension ARCADE
Pension Zu den Linden
Pension ARCADE
privat
Pension Zu den Linden
Pension ARCADE
Pension Riiger
Pension ARCADE
Pension ARCADE
Pension Zu den Linden
privat
Pension Zu den Linden
Pension Riiger
Pension Zu den Linden
Pension Zu den Linden
privat

Pension ARCADE

When
154.-174.
15.4.-17.4.
154.-174.
15.4.-18.4.
15.4.-184.
154.-184.
15.4.-174.
154.-174.
154.-174.
154.-174.
154.-174.
154.-174.
154.-174.
15.4.-18.4.
154.-174
15.4.-17.4
15.4.-184
15.4.-17.4
154.-17.4
15.4.-17.4
154.-17.4
154.-174
154.-174
154.-174
154.-174



Schulte-Wissermann M. Dresden privat
Senger, P. Darmstadt Unterkunft bei Dr. Naumann
Stroht, J. Darmstadt Pension Becker
Tlusty, P. Rez Pension Riiger
Wambach, J. Darmstadt Pension Zu den Linden
Wolf, G. Budapest Unterkunft bei Dr. Wagner
Wiistenfeld, J. Darmstadt Pension ARCADE
Zlomanzcuk, J. Uppsala/Warzaw Pension ARCADE
Zumbruch, P. Darmstadt Pension Zu den Linden

from Rossendorf:

H.W. Barz

M. Debowski

S. Dshemuchadse
K. Gallmeister
E. Grosse

B. Kampfer

R. Kotte

K. Moller

H. Miiller

L. Naumann
O. Pavlenko
C. Schneider
D. Wohilfarth

15.4.-17.4.

154.-174.
154.-18.4.
154.-17.4.
16.4. - 18.4.
154.-174.
154.- 184
154.-18.4.
154.-18.4
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U. Mosel:

Hadrons in medium — overlook and perspective
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conclusions

| ¢ QCD Sum Rules give only wide constraints
olA [pb)

for in-medium properties of hadrons —

Original expectation of QCD mandated
lowering of mass too naive.

00t
0
poe

{ . . .

o & b \ ¢ All realistic hadronic models give signif-
w gg %‘ . . . .
‘51'5%\‘5&; icant broadening up to dissolution of p
g2 g9 meson. Mass shift meaningless.

RECTF
HE
§\§
o :g v ¢ Transverse and longitudinal p spectral func-
T2
:E{)::

tions differ significantly. — Check in po-
larization measurements.

o't

¢ In-medium changes of p also affect nu-

cleon resonance widths — photoabsorp-
tion cross section.
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J. Bacelar:
Virtual bremsstrahlung experiments in few-body systems at
KVI
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Calculations Experimental setup

o 7

3He
; p; :

¢ Calculation by A. Korchin, O. Scholten and D. van

Neck
. Wave function 3He with Argonne V18
. Contact term => Current conservation e N

* 190 MeV polarized proton beam, LH>/LD,

O
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J.G. Messchendorp M? J.G. Messchendorp
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Conclusions

ept+p—optptete”

— First experiment success: Wy, W,
Wrp, Wrp, Wiy, Wi, obtained

~ Exp. Plastic Ball 1999.

¢®ptp—opt+p+arty
- First experimental results
- — Interferometer methods, virtual 7°
with Plastic Ball
®p+d—3He+ete

— Real and virtual capture measured
~ Model calc. explain data

— High accuracy with Plastic Ball
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J. Ritman:

Meson production experiments in pp reactions with the DISTO

spectrometer



James Ritman II. Phys. Inst. Giessen

Meson Production Experiments in pp
Reactions with the DISTO Spectrometer

DISTO Spectrometer

¢/w Production: Results at 2.85 GeV

Total K Cross section

p Meson Production

n-1 and the U,(1) Anomaly in QCD

Summary and Outlook

DISTO Spectrometer

> polarimeter — -
scintifiater Q1 |-

polarimeter
scintillator

Momentum [GeV

T | s 3 s I e
0 500 0 500
Charsnkav tinht Tan



Experimental Method

- 4 Charged Particles in Final State
Momentum determination via tracking in dipole B-field
Particle Identification with:

- Kinematically complete/overdetermined measurement

pp -> pp¢—> ppK K

Water Cherenkov detectors

Plastic Hodoscopes

Missing Mass (pp) = Invariant Mass (KK)

pp -> pp 0->pp n*n n°
Mass o

Missing Mass (pp)
Missing Mass (ppr'r” )

¢/ Data

Mass°

(BR = 50%)

Strong deviation from OZI by

up to Factor 100 for ¢Y

e 400

for)

X 350 b O =p

3 3 ® e

> 3 Crysta! Barrel A Ppin flight

? 300 |- B ot rest, py/wy
©

250

200

150

100

50

(r°—>vy) (BR = 89%*99%)

S-Wave component dominant

Crystai Borrel

OZi==rule ‘é‘* 2 - ’,_

Pp at rest, pn®/wn®

L ]
0O pn ot rest, pr”fwr]
|
A #p, onfun®

10 BR(4n)

10

1
100




ORubp ~ 2we's - Tiguka

Strangeness in the Nucleon
and the OZ] rule

Near Threshold pp Reactions

OZ] rule: Diagrams with disconnected quark lines
are strongly suppressed

OZ1-forbidden OZI-allowed

o> =cosd Iss>+ sindlgg> ~ Iss>
lw> =sind Iss> - cosd lgq> ~ Iqq>

If Ip> = luud>:

¢/ w ~ 0.0043

¢/ o Production Ratio is OZI suppressed

V N

.......... e

=y

Near Threshold (large S-wave contribution)

cco
cco

cca
cct

cCcO

cCco

S

DISTO Collaboration | &

Solladoration

(Dubna, Indiana, Saclay, Torino, Cracow, Giessen, GSI, FFI/)

pp reactions at 83 MeV above threshold
(lowest previously 1730 MeV)




Identification of ®w-meson

pp->ppow—>ppr T N’

4—Body MM? [GeV]

Counts

0.1

OZlI Violation?

0.05

-0.05

10000 -

5000

~

(Y S O P PO B

L

0

0.25

ly
r)(llll‘ll""

0.5

0.75
2 -Body Missing Mass” [GeV’]

1

Dramatic in pp annihilation:
ss in the nucleon?
or 2-step processes?

figure by V.E.Markushin

non-Dramatic:

pp high energies (factor 3-6)

a c
.
13
/\
b d

figure by A.LTitov et al.
pp low energies (factor ~12)

2-step processes?




¢/ ® - Ratio (Phys Rev Lett 81, 4572 (1998))
Ph.D. Thesis, A.Brenschede Giessen 1997

T!Tl' 3 )‘I!I_i_i_{f H TflllllE

+ Factor 12 enhancement to OZI
1 similar to higher energy pp-
data

but LEAR up to 100
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—-i

o/@-Ratio * 10°
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- Sibertsev et al.:
reasonable description
with OME-Model

Y
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K

—— Sibirtsev et al. (FSI)
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o, ® Absolute Cross Section Ratio

o 10
Vs - 2.9 [GeV]

Data:

Arentonetal.. PRD 25(82) 2241
Baldi etal.: PLB68 (77)

Blobel et al.: PLBS59 (75)
S.V.Golovkin et al., ZPA359 (97)
Theory:
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Preliminary
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A.Titov, B. Kémpfter & V.Shklyar, PRC 59, 959 {99).



do/aLl {a.u.|

do/aLe (a.u. ]

o/ o - Angular Distributions

counts

¢ —mostly S-wave
relative to pp system

® — strongly peaked
' )

collaboration
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Structure of then’ Meson

o® By far heaviest member of PS nonet
958 MeV >> 135 MeV

*® QCD fluctuations (U,(1) anomaly) allows
n’ to gain mass from PS gluon states

e Whatis Irney ?

¢®*Coupling to baryon resonances?
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. n’ Production Cross Section
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Production of ¢ and w Mesons in Near-Threshold pp Reactions

F. Balestra,* Y. Bedfer,® R. Bertini,* L. C. Bland,? A. Brenschede,®* F. Brochard,® M. P. Bussa,* V. Chalyshev,'
Seonho Choi,? M. Debowski,® M. Dzemidzic,? I. V. Falomkin,! J.-Cl. Faivre,> L. Fava,* L. Ferrero,* J. Foryciarz.%7
V. Frolov,! R. Garfagnini,* D. Gill,'% A. Grasso,* E. Grosse,>" S. Heinz,? V. V. Ivanov,! W. W. Jacobs,? W. Kiihn,?
A. Maggiora.* M. Maggiora,* A. Manara,™* D. Panzieri,* H.-W. Plal.* G. Piragino,* G. B. Pontecorvo,' A. Popov.'

J. Ritman,® P. Salabura,® P. Senger,’ J. Stroth,” F. Tosello,* S.E. Vigdor,2 and G. Zosi*

(DISTO Collaboration)
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The ratio of the exclusive production cross sections for ¢ and @ mesons has been measured in
pp reactions at Tyeam = 2.85 GeV. The observed ¢/w ratio is (3.7 = O.7f(',:§) X 1073, After phase
space corrections, this ratio is about a factor of 10 enhanced relative to naive predictions based upon the
Okubo-Zweig-lizuka rule, in comparison to an enhancement by a factor of ~3 previously observed at -
higher energies. The modest increase of this enhancement near the production threshold is compared to

the much larger increase of the ¢ /w ratio observed in specific channels of /5 p annihilation experiments.
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Summary & Outlook

First measurement of ¢ meson near threshold ir pp
¢/ Ratio rises slightly at threshold

What is Strangenéss content of ;;rotons?

Higher statistics -> polarization observables?

First measurement of inclusive K yield

pMeson identifcation

n’NN Measured with small FSI

2.1 & 2.5 GeV Data: o’ Excitation function



V. Hejny:
Photoproduction of light mesons — results from TAPS at MAMI
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NN
l Experimental Setup

TAPS-Warkshup 1997

MAMI: High Quality cw-Beam
Egjectron = 180 - 880 MeV
Duty Factor = 100 %

TAGGER: Tagged Photons
AE =2 MeV (at E = 880 MeV)

Bremsspectrum o
] Coincidence

Photons/MeV

TAPS setup

detector setup:

TAPS: BaF,-Photon-Spectrometer

6 BaF, blocks

e 64 crystals

e 64 individual
veto
detectors

forward wall:

» 120 plastic-BaF,
phoswich -
moduls

scattering chamber with

liquid helium or
deuterium target

standard TAPS modul:

BaF, crystal

0,6m

tagged
photonbeam

HPS93

piastic scintillator photomuiltiplier

{charged paiticle veto)
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winen R.C. CaArrasco (Valencia) e A. Hombach et al. (GieRen)
Phys. Rev. C 48 (1993)

1 mean free path
Monte Carlo

A(y,n)X: data <-> models

Input:

processes p(y,n)p, n(y,n)n
fermi motion

n, N* propagation in nuclei
Pauli blocking of final states

collision broadening

Z. Phys. A (1995)

1,N* propagation as in
heavy ion collisions

~1 150} ]

1 100f .

1 sof ]

aee N T - il .

[ 980 1 1 ool -]

200} Nb &;#{ ] o0} Pb :

100} ‘Z’* +{ 200r ]
:: v : i

WY 1 : ]

Opeass®” k] Crpgene o]

600 800 600 800

Ev [MeV] EY [MeV)]

total cross section:

— 5p ® fermi
momentum

n: fermi motion dominant
effect on d (and 4He)

0 additional “deuteron
effects”
no theoretical

x102

3 .

o/A [ub]

description yet available

600

500

%oo 300 400
photon energy [MeV}

500

n® production from p and d

2 l

pu.uu:m.a

$ w—rp

t yd—n’np
yd—n°d

0.2 bl L
500 600 700 800

200 400 6b0 800
photon energy [MeV]

decony

[ L

and quas i Lo

Lagetetal..
m— coherent
== = preakup without FSI
«===+ breakup with pn-FSlI

-~ Kamalov et al.
= Wilhelm et al.
— Schmidt et al.
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A(y,n%)X: total cross sections

1207
12 o
o { Clyn )X
100} “ .‘
A } “ca(yn)x
. *
*
a0t -« .t * gsNb('YJEO)X
. :u A,
ey - - [3
% . “ A‘A 0’. * nale(,Ylno)x
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o T
20f [
Ftbuwv\'uua
500 400 500 500
photon energy [MeV]
mass humber dependence
cr(A) A°‘ f (c/A23)/(c(12C)/1223)
= -~ = 25
************************* ol 50
e SSTR— G 0 6 *%Ca(y,n)X
T r1 150 93 0
e a Nb(y,m")X
Gl Bewal 2 nat o
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3 100 200 300 400 500 60¢
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&

A(y,%)X: models

Model:

(Effen

berger et al.)

= otandard BUU

A absorption from
A-hole models

additional medium
modification for
p meson:

my 4 = Ty(Dse)T

of/A [ub]

of/A [ub]

o/A [pb]
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0. Scholten:

Proton—proton bremsstrahlung
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C. Fuchs:

Background contributions to dilepton spectra in pp collisions
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N. Kalantar:

Bremsstrahlung experiments at KVI



Probing Few-Body Systems
with
Bremsstrahlung

Nasser Kalantar

Mini-workshop on
Electromagnetic Radiation off Colliding
Hadron Systems:
Dileptons & Bremsstrahlung
Dresden, Germany
April 16, 1999

Outline

— Nucleon-Nucleon Bremsstrahlung

o General remarks

® Review of some experimental work on ppy
and pdy at other laboratories

— KVI experiments on pp and pd systems

® Detection system

® Preliminary bremsstrahlung results

— Summary and outlook

K3k sk sk sk sk sk sk sk ok i sieokokok sk sk i e seok koK sk skook K 3 i I N 3 ok

J.C.S. Bacelar®, M.J. van Goethem®, M.N. Harakeh?,
M. Hoefman?, H. Huisman®, N. Kalantar?, A.
Kugler®, H. Lohner?, J.G. Messchendorp?, R.W.
Ostendorf®, S. Schadmand®, R. Simon?, R. Turrisi?,
M. Volkerts*, V. Wagner®, H'W. Wilschut®

¢ KVI, Groningen; ® GSI, Darmstadt;

¢ NPI, Rez u Prahy;
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Available ppy data (Modern):

o TRIUMF: coplanar, small 6,
but NORMALIZATION problems

« TUCF: integrated, small 6,
but DIFFICULT to calculate

Recent and Proposed NNy Experiments:

e KVI: coplanar, non-coplanar, small 6,
large Q, and

¢ CELSIUS: 47 detector, ring experiment

® COSY: 4w detector, high energies, low
“luminosity

¢ LANSCE: npy measurement (n beam)
e IUCF: small 6,, Cyy, ring experiment

¢ RCNP: coplanar, large 6,, high energies

KVI Experiments

¢ High precision absolute cross-section
" measurements on ppy to compare to
“complete” calculations.

¢ Absolute cross-section measurements and
channel selection of the pdy reactions.

measurements of the analyzing power of
ppy and pdy.

¢ p-Nucleus bremsstrahlung measurements
to look at A-dependence.

o ap-bremsstrahlung measurement.

Note: All measurements i1:»olve real anel
virtual photons.
All measurements are exclusive.
All measurements oo ingredicents for
reaction-mechanism studies in hiovy-
ion collisions.

$H
KviI

e o ot
measidatmnas |

¢ Use of polarized beam for high-precision .

\

$

Kvi
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Detection System for NNy Experimentjj Gchematic Top View of SALAD and TAPD
SAIJA.D [ S Loaew ,\"t‘t:pi.ﬁ::“v- [t

et (supercluster geometry)

e Detection of hadrons ]
® Two wire chambers for tracking:

~ Wire spacing 2 mm

— Cathode-Anode spacing 4 mm
e Two stacks of Scintillators:

~ 24 thick elements for energy

— 26 thin elements for veto
TAPS - Apoe e o Spectron
e Detection of photons

e = 400 crystals

o = 25% of 4w for BLOCK geometry

o =~ 20% of 47 for SUPERCLUSTER L 7 » - o
geometry

J \ J
) %
KVvi

KVvI
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~Coherent”™ pdy: Diagnostics

Reconstructed versus Measured Energies
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Preliminary Data: M. Volkerts

— SPA Calculation for pn downscaled by a factor of 3
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\ — Classical calculation for pd on arbitrary scale )
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Suwmmary

o New results emerging for cross sections
and analyzing powers for pp and pd
bremsstrahlung, improved in phase-space
coverage as well as statistics;

¢ Spin observables are immune to large
normalization uncertainties;

¢ Still disagreements between the most
modern calculations and the data!

Qutlook

o Other regions of ‘phase space are being
analyzed for possible hints to theorists;

® For the first time, large non-coplanar
geometries with high accuracies have been
measured yielding new observables;

@ Study underway to measure large proton
angles moving towards SPA;

¢ 47 detection for v* studies.
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S. Scherer:

NN bremsstrahlung and Compton scattering

— examples of the impossibility of measuring off-shell effects
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F2 {TO(PL p3+ k)| —3 [(p3 + k)2 — m72r]

2ie

+3F

My

¢ (p1+p3)

® Here: Complete cancellation of “off-shell” ef-
fects and contact interactions

® In general: Two mechanisms are indistinguish-
able

e Manifestation of the “equivalence theorem” of
field theory:
Lagrangians which are related by field transfor-
mations generate the same on-shell S-matrix
elements and thus the same observables.

e Off-shell form functions not only model depen-
- dent but also representation dependent
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J. Zlomanczuk:

Bremsstrahlung in pp collisions at 310 MeV



injection section

Pellet target

Gas jet target

section

J. Zoman caule,

Bremsstrahlung in pp Collisions at 310 MeV

H. Calén, J. Dyring, K. Fransson, L. Gustafsson, S. Higgstrém, B. Hoistad, A,

Johansson, T. Johansson, S. Kullander, A. Mbrtsell, R.JM.Y. Ruber, U. Schuberth, J.

Zlomanczuk
Department of Radiation Sciences, Uppsala University, S-75121 Uppsala, Sweden
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A view of the CELSIUS storag
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WASA-PROMICE experimental set-up



1420 mm

Range Hodoscope

Material: plastic scintillator
Thickness: 44 cm (proton maximum energy ~ 280 MeV)

Angular range: 4-21deg
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AE-E plot obtained for the third layer of the FHD and the first layer

of the FRH
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Monte Carlo simulation of the pp—ppY reaction at 310 MeV

V. Herrmann, J. Speth and K. Nakayama, Phys. Rev. C43 (1991) 394.
...The genearal feature of the angular distributions can be understood by examining the

contribution arising from the external current (one-body current excluding the rescattering
term)...

A% eony /d0AQ = a/(2m)Hoo-[p'/p]-[E(P")-€(P) Tp)-
(8/15-v"* + v* sin*20),

&G magn /AOAQ = 0/(2m)*-/m? [p’/p]-[e(D')-€(p) T pp) 12y
[(g-d)*+1/3-g>v7? + d”>v* cos™@],

where ® and 6 are the photon energy and angle in CMS, v and v’ stand for the proton velocities
in the pp CM systems (before and after the scattering), d and g are constants and {1, is the proton

magnetic moment.

Since for the phase space d°c /d@dQ o @-p’/p the event weight W given by the phase space
Monte Carlo program has been replaced with:
W =W.W,,

where
Wiy, = 1/00-(8/15-0" + v* sin”26)-(1/e) +
o/m*[(g-d)*+1/3-g>v + d>v?- cos’0]-p2, (Lw) .

2 S0
2.00F
Gp 1.50-—
1 00—
s0f-
Dc‘lr?llvlrotn" AN S B R
s - - F S S RN YN S
S0 T 00 7.50 2.60 Z.50
. 3 00
E,,MeV TrE-02

Correlation betweén protoé angle :
gle and energy for pp—spyeX i
the selection of the Po—>ppYy reaction. Y P P'Y 4 310 MeV. Mustration of
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Layout of the WASA 4r-Detector
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E. Kuhlmann:
Bremsstrahlung experiments at COSY-TOF
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J. Wambach:

Dileptons and chiral symmetry restoration
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I Medium Effects I

time-ordered correlation function:

| le) = -i [atoc™ T (), I5m(0)>

1
fiall,, tq) = «;)-(c““"' t L g)

L

virial expansion: (low T, small u)

125

1"’{3; = e - ‘ linlt (‘[J}

-

-
B

3

dominaut contribution from pions and nucleons

( il

'virtual Compton tensor’ of the pion:

(q k) = —i /(1".t'(-""’(7r(E)I'T(.I;,"“(.r). JUON R UR))

similar expression for the nucleon

@ 'chiral reduction formalism’:

J.V. Steele et al. PRL (1996), PRD (1997)

0O (0,k) = ~ 23 (T (@) + Ta((g + ) )

a; — wete”

vector and avialvector correlators !
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Gy. Wolf:

Vector mesons in nuclear matter
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M. Kriworuchenko:

Decay rates for dilepton production in HICs
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Dilepton spectra measured by

x CERES and HELIOS-3 Collaborations
at CERN SPS (high energies)

Agalkichiev et al., Phys. Rev. Lett. 75 (1995) 1272;
Drees, Nucl. Phys. A610 (1996) 536Gc;
M. Masera, Nucl. Phys. A3590 (1995) 93c.

Experiments found a significant enhancement of the
low-energy dilepton yield below the » and w peaks.

Current theoretical models interpret this by the sce-
nario of a Significant reduction of the p-
meson mass in dense medium.

Dilepton spectra obtained by the
n DLS Collaboration at the BEVALAC
(energies around 1 A GeV)
R.J. Porter et al., Phys. Rev. Lett. 79 (1997) 1229.

cannot be_reproduced by present transport calcula-
tions: There remains a discrepancy by a factor 2 to 3

Cassing and Bratkovskaya, Phys. Rep. 308 (1999) 65.

n HADES experiment at GSI, Germany

MOTIVATION FOR OUR INVESTIGATIONS:

To draw serious physical copclusions_, one needs
to eliminate first possible trivial expla-

nations. like those connected to the existence of the
nondirect aecay modes of light unflavored mesons.
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F. Dohrmann:
The HADES project



/@\ The HADES Project

@® Motivation
® Concept and Status

® HADES in 1999/2000

® Summary

Frank Dohrmann, FZ Rossendorf, Institut f. Kern- u. Hadronenphysik

Electromagnetic Radiation off Colliding Hadron Systems: Dileptons & Bremsstrahlung
Miniworkshop, Forschungszentrum Rossendorf, Dresden, April 16-17, 1999

Institut fir Kern- und I:I;L;ironenphysik h

F.Dohrmann, FZ Rossendorf

7N\

maszs  Collisions of Hadrons and Nuclei

e Production of Mesons at SIS Darmstadt

» Kaons KT K (with strangeness) KaoS, FOPI

» Light vector mesons p, @, $ (Decay — e'e Dileptons) HADES

» Modification of effective mass m* of mesons in nuclear matter ?

» Hypothesis: chiral symmetry is partially restored in hot and dense nuclear maiter

¢ Important for description of nuclear matter under extreme conditions, i.e.
early universe, neutron stars

Institut fir Kern- und Hadronenphysik FZR
F.Donhemann, FZ Rossendod



Light Vector Mesons

HADES
p, ®», O ——e'e”
Meson | Mass (MeV) Width (MeV) ct(fm) | dom. Decay e*e" BR
p 768 152 1.3 YI4¥ 4.4 x 107
® 782 8.43 234 | ntnn? 7.2x 107
® | 1019 4.43 444 | KK 3.1x 10

Institut fir Kem- und Hadronenphysik

F.Dohrmann, FZ Rossendorf

Target |

Vector mesons
. p, 7, A
in nuclear matter — >\

Dilepton Spectra: Calculation by C. Ernst et al., Univ. Frankfurt a.M.

o 10° g
10 —— sum free masses i

—— sum mod. masses
1 (plab = 1-3 Gev) Pb 102 ?

Ni (2 AGeV) Ni
(free masses) | ... P

%
------ = Dalitz
wnen pDalitz

-

.- wDalitz |
—— ' Dalitz
.—-- ADalitz |
-~ pn

—h
=]

doge/ dM (mb/ GeV)
3

07 08 09 10 00 0z 04 06 08 10

62 03 04 0O

5 06
M (GeV)

w-Experiments with HADES at SI1S/GSI

Tstitut fir Kern- und Hadronenphysik

F.Dohrmann, FZ Hossendorf

RSy
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Results of DLS Experlment

HADES

e Data by DLS collaboration
Porter et al. PRL 79 (1997)1229,
Wilson et al. PRC 57(4) (1998) 1865
— Transport calculation (HSD model)
Bratkovskaya, Ko, PL B445 (1999) 265
& most recent attempt to describe
DLS data

% underpredicts data by a factor of
3 in the invariant mass region

—
°N

do/dM [sb/GeV ¢

Ca+Ca, 1 0 A GeV
bare masses

Lid nm[

\\\\\\

bt gl 1 gl

—
o

~]
‘\-u.‘.
"

(Y

Ca+Ca, 1.0 A GeVY
in-medium masses

0.2 GeV/c?2 < M, < 0.5 GeV/c?
regardless of using bare meson
masses or in-medium masses of
mesons.

& all earlier attempts failed as well

% Situation should be clarified by
new data from HADES very soon

de/dM [ubiGeV o]

0!

LS

03 0.5

Institut fiir Kem- und Hadronenphysik

F.Dohrmann, £Z Rossendort

AN

HADES
1

Results of DLS Expenment
o [

U a2 TEL o PR

C+C

Unexplained high rates of 10%

Dielectrons in nuclear collisions

Co+Ca

-k
(=]
(<)

U] b v

-
O

LTS R 1 DR A T A YT

Increased n strength would
coniradict TAPS results:

w Dalitz decay of  meson
cannot explain dielectrons
rates as measured by DLS for
invariant masses from 0.15<
M;,/GeV < 0.55

New measurementis with
HADES even with incomplete
setup

w—h

bt gt H

a+Ca

Salag

nm{m{;wmm{» '*'m,m R maAALL SR xmmg

do/dMee {wb/GeV/c?)

ili‘%’t‘ SR . B D S

e daax g ok wd s b,
02 04 08 OB 02 04 w5 oG8

Mew (GeV/c?)

TAPS R. Holzmann et al, PRC 56{1997)R2920,
DLS data: Porter et al. PRL 79(1997)1229, Wilson et al. PRC 57(4) (1998) 1865

Instinut fir Kern- ond i—}admnenphymk

¥ Datwmams, FZ Passongod



Parameter (2.Generation)

Large acceptance for Lepton

pairs &pgir ~ 40 %

Capable of high rates (R ~ 108

st and high multiplicities

High resolution spectrometer

I Resolution for reconstructed

invariant masses comparable to
width of free ® meson
(AM/M ~ 1 % (o))

Signal to background S/B > 1 for

invariant masses up to

M, ~ 1 GeV/c?

High granularity to study
heaviest systems (U+U, 1 AGeV)

Institut fiir Kern- und Hadronenphysik

F.Dohrmann, FZ Rossendort

= High Acceptance DiEelectron Spectrometer

HADES
HADLES Geometry
: 6 sectors form hexagonal pyramid
B 2xnin¢

| | 18°< 9 < 85°
Dilepton Identification

I
L]

x  RICH

Radiator: C,Fy4
Spherical VUV mirror
Photon detector: Csl photocathode

x  META

TOF Plastic scintillator wall
Lead shower detector

Track Reconstruction

In total ~

x  Superconducting Toroid (6 coils)

Bpay= 0.7 T,
Bp =034Tm

x  MDC (Multiwire Drift Chamber)

Low Z of wire material (Al}
4 layers with high granularity, i.e. small drift cells
{= 1 cm diameter).

100.000 channels

Institu fir Kern- und Hadronenphysik

F.Dohumarm, FZ Rossendor]
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e*te Identification with RICH

. + Ring Imaging Cherenkov
' VUV - cos 6.= 1/ Bn(r)
mirror N =Nyl 1/ 72 (log=40cm)
% N, =80-150 cm™
ggggt';'r « Radiator (hadr. blind)

3 ~ Yhaa < Nt <Ylep
CFo: 1y =183

g8 > AE = 350 MeV/event (200 ch.p.)
' beam e VUV mirror
Poly-C substr. (2 mm) x/X<2% Al +
target MgF, coating R >80%
» Photon detector (MWPC)
Radiator Csl - cath.
(CsF10) CaF, window

Institut fitr Kern- und Hadronenphysik @R

F.Dohrmann, FZ Rossendort

TN
2 A\

HADES Mirror Segments for RICH

Tistitut Fur Kern- und Hadronenphysik ¥ Dohmann, F2 Hossendort [m



SN MDC Design Parameters

HADIES

A B C a
[mm] [mm] [mm] [mm]
I 139.21 767.38 839.19 5
. 205.00 905.00 1049.27 6
it 310.43 1804.80 2139.05 12
IV 34546 2224.05 2689.04 14

B 24 conceptually identical modules

in 4 different geometries -

I 6 drift cell layers down -1 40 sen
I stereo angles +40, —20, +0, —0, +20, —40 deg

B Maximum drift path: 5 up to 14 mm
A B Cathode wires: 80 pm bare Aluminum
a B Potential wires: 80 and 100 um bare Aluminum
TTTt1te I Sense wires: 20 pm Tungsten/Au
‘ * I  Counting Gas: He/i-C H,,

% Position resolution from pfototype tests o ~ 80 um

A

Institut fir Kern- und Hadronenphysik l}ﬂE

F.Dohrmann, FZ Rossendori

HADIES

B =

- #

[N Full System Test MDC Typ II

Institut Yur Ko und Hadronenphiysik F Dohrmann FZ Rossendort
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B\  g+e Identification Shower-Detector

HADIEES

I E.m. shower-Detektor
& 20 m?

Shower Detector - side view

ARt r.2em

. . I Wire chambers

B & . % self quenching

f— i . streamer mode

e M . % Signal not «c AE
. 1 Pad readout
. : % Pad multiplicity before
. . and after lead
N : converter

o - . & e*,e identification

JEgaitonian {fniversity Krekw for HARES ©oledxastion

Institut fiir Kern- und Hadronenphysik @}2

F.Dohrmann, FZ Rossendorf

HADES Pre-Shower Detector
evt # 1349

Post 7

tnstitut fur Kern- und Hadronenphysik

F Dobemann, FZ Fossendord
pro v



[\ Electron Identification in RICH & TOF

NoENET L
H

TOF particle velocity distribution I fo r l I -+ P b 1 A Ge V

i - ” Mean « 0.593555

I aoour-:.- g b AMS ~ 0.180175 . ——
o : “, [ TOF & RICH track polar and azimuthal !
g 2500 e b : correlation
g zooul': | i o = !
- 3 |
- 1500 - ‘
2 I . g .
g 1000[1 ." . .rE - I ' !
=z . i 3 :

iooso. I i} ! |

T L i

. - it L VS

! 0.3 LX) 05 0.6 0.7 (X3 op 1

TOF particle velocity distribution for | 3‘”‘ At

. . e < 23N

events with correlated ring s -0y
2
3 250 ,
g 200" ‘ » Straight line trajectory and target
2 ‘ ; emission assumed
=4 - ) ! X
5w I ) e polar and azimuthal angular
’ 5ol B x matching window A0. Ap = &

o 0.‘3 0.4 0.3 0;5 0.7‘ X § : 0.9 ‘l
particle velocity  v/c

Instiag (e Kerm- und Hadeonenphysih £ Do #2 Fssendet m

TOF

']
Ed

Dec. 1998

me

I
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[ VI AN
@.&\\ Experiments with HADES

AADES
Sim.: Au+ Au
\ “ 1,, h,i“

2-3 py
- o High Multiplicity
: 200 charged hadrons &
20 photons (r? -decays)
% high granularity
% very good track
reconstruction
Suppression of
hadr. & EM backgr.
“hadron-blind” trigger
% “fast” RICH
% Z < 10 material

3 A

__ m+Be, p, =13 GeV/c

e+ O 500t
2 n+Pb, p,.=1.3 GeV/c
400 F f
» nucleus 300 i
i

04 05 06 0.7 08 09 1
My [ GeV/c?]

[=)

ssimulation: W. Schén et al.,
Act. Phys.Pol. B27(1996) 2959)

—gmn 1T D10 Al ™

s ~1 pg -> normal nucl. density
s large WQ
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HAIDES

S

Summary and Outlook

High resolution dilepton ~ » HADES starts in 1999 with pp

spectroscopy in 0.1- 2 collisions.

AGeV range .13 of — elastic scattering

fundamental interest _ dielectrons

New data with high * 100 MeV/c2 < M, < 500 MeV/c?

resolution is expected to » n-Dalitz and A-Dalitz

test DLS data  Full acceptance and high

7.p, and A-beams resolution will be reached
1999/2000

available at GSI

Experiments at 1p, as well
as2-3p, possible

¢ in 2000: invariant masses up to
1AGeV, C+C, Ca+Ca, AutAu

Institut fir Kern- und Hadronenphysik . £. Dohrmann, FZ Rossendort . m

.

HADRIES

[_1 Bratislava (SAS, Pl)
[ catania (INFN/LNS)
[} Clermont-Ferrand (Univ.)
[ cracow (Univ.)

[} parmstadt (GSI)

[} Dubna (LHENINR)

[ Frankfurt (Univ.)

IJ Giessen (Univ.)

[ Milano (INFN, Univ.)

[l Moscow (ITEP,MEPhI)
.3 Munich (Tech. Univ.)
¥ Nicosia {Univ.)

1 orsay IPN, (Univ.)

[ Rez (CAS, NP}

[ Rossendorf (F2)

1 Santiago de Compostela

The HADES Collaboration

{Univ.) | [ﬂ}?\ —_—

1 valencia (Univ.) S
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P. Tlusty:
Status of the HADES-ToF



TOF DETECTOR FOR HADES

P. Tlusty

Nuclear Physics Institute of the Academy of Sciences of Czech Republic,
Rez, Czech Republic

Institute of Physics of the Slovak Academy of Sciences, Bratislava
INFN-LNS of the National Institute of Nuclear Physics,Catania
Gesselschaft fily Schwerionenforschung, Darmstadt

INFN-University Milano, Milano

Institute of Theoretical and Experimental Physics, Moscow

Nuclear Physics Institute of the Academy of Sciences of Czech Republic,
ReZ

Specification of the TOF detector:

Purpose:
e trigger:
— multiplicity of charged particles to select central
collisions

— velocity of particles to select di-lepton candi-
dates

# analysis:
— velocity for electron identification
— position for tracking
— multiplicity for impact parameter determina-
tion
— other ?



HADES: the Time Of Flight wall
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Time-of-Flight 2

1442
Nov. 4998

AL Wx10 BARC

SECTOR 1

o

TOF_8_7_Tleft_TRight
Nent = 299

TOF Tleft_TRight | Dee 42
16/

1afF- ¢ (Te-Tr) = 3.0,
12/ =AM pe
10 ¢ (0F) = 90 ps
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Azimuthal anisotropy of dileptons

H{g) per Ap=30"

tlp)

from n Dalitz decay:

10 & AL AL AR AL AR KA AAL AN
102;
10;
1 !': PR RRTAN RENTE RN TN AR 1
0 0.10203040506¢070809 1
m (MeV/c%)
1500L"'I""I""I‘"'l""l""l""’
1000 _
500 Y TR TIet 1 . 7]
VLo o i >
Oh‘ Loa 3 Sevtival X i i L .-l.:.l.‘
~150 -100 -50 O 50 100 150
 [deg]
e s o e
1000 | ; : 3
i ety
750 F 2
500 | . .. 4
:5‘05' o B ~
0 b i 3 | T A Akt X L ]
~-150 - 100 -850 Q 5¢ 100 150

Azimuthal anisotropy of combinatoria
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R. Holzmann:
Fist experiments with HADES: e*e™ production in pp and AA

collisions



Dileptons & Bremsstrahlung, Rossendorf 1

First Physics with HADES:
ete~ Production in p+p, p+A and A+A

Romain Holzmann, GSI Darmstadt

e Status of HADES in 1999/2000
1. 2 sectors only: reduced acceptance !
2. 3 MDC planes only: reduced resolution !
3. TOF not fully equipped: reduced multi-hit capability !
4

92" and 3™ level triggers not yet optimized:

reduced online selectivity !

SNy

*

Mmaia }

» Experimental program in 1999/2000:
1. commissioning of the setup: p-+p elastics, various A+A

disentangle e¥e™ cocktail: p+p and p+A

2
3. check on DLS results: do light A+A systems
4. see first signals of w and ¢ in p+A and A+A

N
~

SSCIVEH

J

pIesuLB( 1SD "UURWZION o

R. Holzmann, GSI Darmstadt April 14, 1999
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Schicker et al.,

NIM A380
(1996) 586

1
0.8
0.6
0.4
0.2

acceptance

Simulated Momentum Resolution
for 2,3,4 MDC planes

[“o]

Resolution

50/P 1%

20

18

16

14

12

10

]

Generic acceptance

28

HADES

 Results :

% cutoff: p,+ >0.1 GeV/c
% flat: M, > 0.6 GeV/c?

* Requirements

%, jdentification &
momentum measurement

0.1 Gev/lc <p.+<1.5GeV/c

R.Holzmann, G8I Damnstadt
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DLS p+p data

e*te~ Yield from pp reactions
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Di-Electrons @ 1 AGeV: Theory (1)

Ca+Ca, 1.0 A GeV
'free’ spectral function

do/dM [pb/(GeV c)]

M [GeV/c)
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HADES

Data:
R.1. Porter et al.,
PRL 79 (1997) 1229

Calculation:

E.L. Bratkovskaya et al.,

NP A609 (1998) 168

theor. distribution folded with exper. resolution (AM/M ~ 10%)
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Di-Electrons @ 1 AGeV: Theory (2)

da/dM [pb/GeV ¢’]

Ca+Ca, 1.0 A GeV
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do/dM [ub/GeV ¢’
g
M

w'p

Ca+Ca, 1.0 A GeV
in-medium masses

Data:
R.J. Porter et al.,
PRL 79 (1997) 1229

Calculation:

E.L. Bratkovskaya
and C. M. Ko,

PL B445 (1999) 265

theor. distr. folded
with experimental

resolution
(AM/M ~ 10%)

R. Holzmann, GSI Darmstadt
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Anisotropies :
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Di-electrons @ 2 AGeV
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Dileptous & Bremastrahlung, Rossendorf
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A First Physics Program BN\

Properties of vector mesons in the medium
P, 0 &y = ete

A list of topics for 1999/2000 :
» Cocktail of free mesons

® 1 and A productioninp +pand p+ A
* Di-electron enhancement (DLS !) in HI collisions
for 200 MeV/e? <M. <600 MeV/c?

% C+C, Ca+Ca,(Au+ Au)
* Hunting for vector mesons in nuclei

$ ® and ¢ productioninp + A and A + A

R.Holzmann, GSI| Darmstadt



R. Schicker:
Dalitz decay measurements with HADES
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i, AR, D B T O T oy et . .
k)
g counts - Form Packor Q<0
N
[ ok PON FORM FACTOR Fy (@) _ /
AT ¥ CERN NAT 1,1
- QAED ¥ cea 11
awE
. | REGIN
. —y 1 (1A
'\Y\zi nv ( etd” ) PR 0 0
K q’ {Gev?)

Fic. 1.3, Pion form factor in the space-like region with 4* <0 from Amendolia e
al. (19844,5). Its extrapolation to the time-like region is shown to the right. The
curve is obtained with an imp! ] p meson domi fit (Brown et al. 1986).

TR

ﬁw \* - .Form ]ead-or q2 v 0

PON FORM FACTOR IN THE TMELKE REGION

! Foat] |

er 3o q* TMev (]

7 ] 1 1 3
0 iml 02 oL 06 08 10
o’ Gev)

Fre. L.5. Pion form factor in the time-like region. The experimental data are
taken from Quenzer et ol (1978) and Amendolia ef af. (1984a). The curve is
obtained with a modified p meson dominance model (Brown e al. 1986).



2d 2NN

12/ W
cog 008 00 O00Z O
. 0
= H
“_uﬁogu.\‘.‘ .
iy -
& 7
o0 f] 9
-t wnyhawow woid buisvaidul . |
I . . \ ot . . ]
¥ - . .
- : .w . - Basqspunt 18
AR . T um)0q 6
e 2uUo> LEIPPU ! POYSRIY4 0f Dsop KeaA o
Mg md
— allom <, sswoid poysaiyy st MU d_j
dse
gy sz WD 2myIniys uopvy Jof LIGA §° 524 —
~— &
: = L I . -2 ey oy gt
aNw L / ! et

opeaisjekg “fvaep DOIPW] WOL MOHNGHINOD MOLTEA 3q) PIE (M [INY) ¥1RP a8y Sutaons

. 5 rmoteyion (1981) RY-5 prrw (y9]) ag-d ASD gy U1 ated-_e,0 sarmiou jo wajonds mexpy ] SINILT
a /
S30vH AN

(AIAep)m Laasp)

¥ T1 1 80 90 ¥0 TOD O YILTL L 0 %0 ¥ 290
o " w ~o < ' L0 _ww/ ' N X e _
; UOIMIL  DINSDD _ = R
L ™ °} I .fs.wr »a.hmr
'y f19ehou meQIvuu:Eo\m\bs 6o svy (9 + ,.sw %_W
: £, 32YNYD "3 e
P, U 2Msvawi (9 o 1 - AL
ANv7 + SIOVH P SIYID | s jof
.\.GU .%GEV.N + MwQ QI NC AR 2msvaLu AG awﬂnmﬂﬂm nasooazevs | w.w. uﬂ,ﬂﬁﬂm A osyead ] wn
‘uoMDANRSUODY Lunptpwow - Kbiauz (|
a mdd +— Jdd (1 sa1braua D7 pup 21HY'SdS'SIS O vijads 2.2

2,7 R U e— 2y25J U 44— MU & Q-.N T\ O$ h__.d..+:d+mn_$,% mU*\SAI...*:o.u ﬁddwﬁ 2iog -~ —

“Latae dattoecd s 2
1 .

R R I 1S LELTUI RV S P00 SR VA WA R LT .. el e
; ! — Bt N B LR Soit

1



xd
., 5
;u,,un:fawiu-.u'%cohauw&.---.... W
;
|U+@~:\3 .%,. uuuuuuuuuuuuuuuuu i mx\/
{1l

2d - d w nd e o = Ad

N = od xd

brotg 4 wwad = ad

"

A 22 U a—

e,

X Y d_y

o
-

[9/A89] s|nduiusuoly

§'C [ gl b g0

] I | 1 4

APOV 0'Z 2840 e J 01
A2D G¢ ag+d n

% g=d-dy ui jpdsg /usuoiy

LI 2

L0t

}191SA|DUD D0U USPJBM LdIDQ
! ] | ] }

8B40 SIQVH Je0YsULUILBUOIY



Aeoop ziIfRQ~M Y} 10} (moneq)

[,°/AWI Il
008

009

oov .

002

uaweiplioa pue (doy) suounqusip ayBute| g | puel g | g ERUVIR

L0OB8Y = Saljuo#

A 4 —

T

12/ Ao I"dl

0L
008 00
$T =
Q
s 8
. 3
(95 SLG
8¢ o1 %
A
¢l

[,2/AW) I'dl
00T 001

¥'ee
=0

et Teovvy | wpar | anse | NP e d s
25333
Riiti) $QIXFT | 01306 QUXFy || NOug - & ¥
punoiiyieq
-pamseaw 81 UOKNSY J 01%62 o9 | OTE | DSt | Nme dor
peuls
g J{.2,9) 0002 | (L2, 2008 | Aw/ e 1iids 1ol M

0 punasbyppg puo rubis o soyox
oot B S st
00z 3 SR
00 = >y
PLPU e 23278 .u:urmca.: ool We— <)
-{ e . Lt .“... L.\n ~*m4”n\u A.U
0 Nsﬂoka\oiw.wxxﬂ) (24 4050 D
$0 = U, e— Uj 4 4
1 m T T R &
g1 @
N x
¢z Q (240l &~ YYE X VOO ~ 9-0p* 5= (.2+@al & 5) ¥
(200 e (™ ﬁ
£ \z,m..r?m.\v‘v.wou A\PBvL =5 5 ikokrhvwm = (@420l 520G
mczos« *ocv ByPal = § gt S D

tho;rx



I 91

"pandde uaq seq vopipuod “eare [eudys ay} sjussardal aury paysep
vare Teudis oyy lo)je punoidireq pue reudss 0] wijoads ssew oy smoys yred wojjoq ayy, ‘{1 ayg, “(wojjoq) Aeoop-d penp pue (doj) punoByorq Oug oYy 10] uolyep0n | %y | [ Ay | g aanByg
-uoa) punoiByoeq %ug pue (do) reuflis 10f s3nd Inoym =112ads ssewl Juelreau] HOIARL] 1) NI

2/ NN "l

,2/A3N] (L8,2) N 008 009 0¥ 00T

009 00y 00T I 5 Ny y y 0
13
, . -V ] ooc
b -
ﬁ 2018 . ] oov=
§ £
s °ug punosbyonq ---- 0 .p OO@ M
L {oubis — 3 SIND ¥aLY (0 01 ] . o
o . . 41 ] 0 = paup joubys uj punosByoog | 008 4
' 7260 = So3ua4 d punoibyong
, 01 %
el ° . 0
g 013
L uBjs oy - 01 ? 1 002
ubis aspun —— 'z ONNO¥OMOVE (4 £ 00b B
. R N 1 00p %=
ﬁ :
[ ol m" 1 009 /Mz
[ [ ] G¥ = DaJp (ouBls uj puno,Byong | 008 =
[ZBEY1 1 O/A0 Ot < (@) somjuoy i o £CCL ) = saluag ‘uz punoibyooq
L £0689 1930} 1 (°)™w 99tuey TYNOIS (0 N 01 ) ) . ,
i " N m Oﬂ

i v et o o me e - .

A

. L o SN YA AL ANl yeL

. . v .
PN g i el .- .
. '

L
<.
irg




ssorpwoind ublsap gIQVYH YME™

%) 1 $U2WD IMSTI W oy DA

On = 9 %05%08/0|XS'T = (24ra-9) Y

25 fa 08 %
— T o an
(2@ort-0)YT KZcT i,

Y
(2P 928 PH ¢ <y

ppeg- @ 2INPH 583 T
proe) =™ DN kA9 = oy — AL = xwu“wrc -

foc;- t uvy 23S aspyd oW SVY bosop 2prg-9p -

W b -t e .
R “ e P P
RO LR e =

0 = Yad | V\v Liavouy +UC = ﬁ.\0+ﬂo.¢. Tﬁvqm -

g %Q,T ....“,;_\Q

SO
RS B )

1,2/ AP T
008 009 o0¥ 002 0

pumd |

Haaqspuo
D}op

pyop S3AVH
— pyop baeqspub’ 10120} w0 WAA



iy 2nep 9 (g
2 3/0p o 2mpas 1Rbbiuy |eaz| ;¥ 5290 (z
.Lm\u._o*oa\s.ov X@ fo 3IOM 4 use0p JOpRfP 4iv4s)

M ..u%%.t.x J2A2) o) PYowi oy moH ?
AW ShE ~ S-Sy tlpdd

‘Loiysanb  uad 5
A2y OZE ~ °S)—.,5) s dd
\ﬂ\%w moy) 2265143 out o— s2)buv ..kb,boi o dd - g e
ool 126w oy ob svojoie ldd & dd  — -

suoyote)  S/,0) X G = nving s/50)
'S3avH @ A4iiqoqoed 41y 2)gmop .

Ny, .,\.. ) ( PO ,..,‘.,u.m.wm,‘.,\.” ..\.;,,.“.”.{._ .oOvs\«w:(PgV
7 [} v ;o7 s ;’
PP TS S
\ e .- Mol
. e I S R ml.\u.,..\ vqm - ]
. : ‘ |
| u\@ Ve Wy m Q
PIWSE ~ O~ v NP9 A quiy uosd 9 4
oct prymaof 240 suojosd +—  pjoys3IYy 24090 ,2)41), mFTNLWS ARy 0y, = quy  buoid 4
uowves  pjoysaayy st @dd e e — WPoeT =™ p Gui 4k buoidy e Jd
| U UIZE - f)opUDy ~
.rs\_o_m ~ = O.R && T lL‘O
w st = pudd e oy R LT LR R S-S A LR PR S Y-
GnET =g o v quggr = gH e ddy = gdde )
?mm.dumb he93'E ="d v - \\_R\w\:g Mg = wWoUaq uojosd fiuun) GerU 2o0ds -
I R A R T R I B AL R gasae Lo

i b...wvw‘:‘ v ¥
3 L}




[2/NeW)
0GL 00S 0G? 0
T _ T T * T ] O
¢ LRI L —_—
s o ¢ ¢ -
4 ¢ . z .m.l
4 1 4
4 ¢ T
b H
t K
1g

o
S50 0L %9 pua—©ly U7 %Q

X =

X === = . =
€000° Orx T QLLellLub QH o X

o £0L S3QWH Y T=ipnd pmeylPPR -

EEE S

i @ JUIZISOU - I HI0U
74} s3] Q8 09 [ 4 [¢14 0
LA LSS FVY P oy S SYRE M
BN -1 mabaa bew
REgaR ,mmmm e
) TREG ..m"n ov
£ 01T~ {13 TEEEE
Lt >2ghe sy SRR
(20vds 2sDLY¢) 5 o8
ol el «—dcl 4 oot
1
3 0zy E
—Q SYIZIPNU~3UY1anu
0zl 001 08 09 O¥ 4 0
..._.___h___...__.__.m@o
- oz
o589~ 143 1%
k> 291934 £
(320ds »svyd) 3
- 08
mvo\l.llm\ ]
- 004
1
ozt
N ol
/9 sE = -




)9 o wvaq uoteid dus ypm
219'sv2f @9 Kow wiwq-p 2yt o puswainsvo W YL ~

. e e R N e e e W kg W MR m A s e

or < 8/g -~

OG- ™ G0} XSy PMSVAW UDD OGNV + SAQVH -

ANY7 Y™ UoIM U h:.\:mdwr: ha_ 3@03\3%350 ﬁ@%mﬁ.w
g0} X'h 29Mpoid 04 pISN 29 UDD |9 o WVIY EDWQ -

wtowijd COU




W. Koenig:

w meson spectroscopy at HADES in wA reactions
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creation of ©

In medium particle width:

x-axis [fm]

total decay width:

= free decay

77-+k—? w p
— absorption  defailed balaxce: g-o5 wn
p N ~ 668 MeVY Tr

Ten,padw
Spatial = elastic and inelastic scattering
distributi i .
£ stribut ?n = decay of the system: particle in medium
0 . .
( crearion (finite size effect) 7 ~ 5oMel
and decay

[fm]

Decay probability depends on density.

.

X-axis

= No exponential decay nor lorentzian mass distribution

Elastic scattering requires quantum mechanical calculation:

10 Add amplitudes.
-15 | ]
e It is not allowed to deduces lifetimes or width‘s from
5 0 5 1015 20 25 elastic scattering cross sections. (see Hydrogen atom)

beam-axis [fm]
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HADES Experiment - 10 day s
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The full cocktail including baryon resonance’s
(M. Effenberger et. al., Gielen)

da/dM [mbiGaV]

x Pb, £, 1.3 GV, AM=10 MaV

T

10°

pieeeaannr

1

do/dM fmb/GeV]

LERREAIL Y

b
amemmmneeas §, maneamee

.

Figure 1: The dilepton invariant mass spectrum for #~C (upper part) and
#~Pb (lower part) at 2 kinetic energy of En = 1.3 GeV calculated without
collisional broadening and with vacuum masses for the vector mesons em-
ploying a mass resolution A3 =10 MeV. Fluctuations in the curves are
caused by low statistics.

The elementary 7-p and 7t-n reactions
(M. Effenberger et. al., Gieflen)

T g T v T v
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Eumcmm 2: The dilepton invariant mass spectrum for #~p (upper part) and
w70 (lower part) at a kinetic energy of Ey;, = 1.3 GeV employing a mass
resolution of AM =10 MeV.
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