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Motivation came from theory! 

o  R. Pisarski (1982): connection of 
phase-transition to modification of 
the ρ mass (dileptons) �
(PLB 110, 1982). �

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

o  T. Hatsuda / S. Lee: operator 
product expansion PRC46(1992)R34 �

m* ≈ m qq* qq"
#

$
%
u

m* =m 1−αρ ρ0( )
qq expectation in chiral power counting �
by U. Meissner et al. arXiv:1007.2574v1 �
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Figure 8: (Color online.) The ratio between the in-medium and vacuum chiral quark condensate, 〈Ω|q̄q|Ω〉/〈0|q̄q|0〉,
eq. (5.6), for neutron matter, left panel, and symmetric nuclear matter, right panel. Left panel: The (red) solid and
(cyan) dot-dashed lines are our full results for 〈Ω|ūu|Ω〉 and 〈Ω|d̄d|Ω〉, respectively. The (black) dashed and (blue)
dotted lines correspond in the same order to the linear density approximation (Ξ1) only. Right Panel: The (red)
solid and (black) dashed lines are the full results (with g0 = −0.97 m2

π
) and the linear approximation, respectively.

The (blue) dot-dashed line is the calculation for g0 = −0.5 m2
π. All the curves shown employ σ = 45 MeV [22].

g0 = −0.62 m−2
π , respectively. In fig. 8 we show the ratio 〈Ω|q̄q|Ω〉/〈0|q̄q|0〉 eq. (5.6) for pure neutron (left

panel) and for symmetric nuclear matter (right panel). From the figure we observe that the leading order
correction Ξ1, eq. (3.2), is the dominant contribution. This gives rise to the linear density approximation
represented by the dashed and dotted lines in the left panel and by the dashed line in the right one. The
NLO corrections rising from Ξ6, eq. (5.5), for the case of neutron matter correspond to the difference
between the solid and dashed lines and between the dot-dashed and dotted lines in the left panel of
fig. 8. The former couple of lines refer to 〈Ω|ūu|Ω〉 and the latter to 〈Ω|d̄d|Ω〉. In this case the NLO
corrections are small and amount to 4.5% of the LO ones at ρ = 0.3 fm−3. The corrections increase with
density, as expected, since higher three-momenta are available for larger Fermi momentum. For the case
of symmetric nuclear matter the NLO contributions are larger, though still mild. They correspond to the
difference between the solid and dashed lines in the right panel of fig. 8 and they are 10% and 20% of the
leading correction for ρ = 0.3 and 0.5 fm−3, respectively. The NLO corrections, Ξ6, tend to speed up the
tendency towards a vanishing quark condensate in the nuclear medium (a signal of a possible restoration
of chiral symmetry in nuclear matter). It is worth pointing out that the dependence on the subtraction
constant g0 of the in-medium quark condensate to NLO is just at the level of a few per cent. This is
shown in fig. 8 by the dot-dashed line where g0 = −0.5 m2

π is used. For the reasons discussed, the quark
condensate is significantly less dependent on g0 than E/A. Were σ = 64 MeV used [48], the dominant
linear density contribution will lead to a faster decrease of the in-medium quark condensate. E.g. at
this level of approximation, the dashed line in the right panel of fig. 8 would cross the zero at already
ρ ≈ 2ρ0. To this result one should add the difference between the solid and dashed lines corresponding to
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The masses of hadrons in QCD 

�
o  Energy needed to confine a color-neutral object �

(qqq, qq) in the non-perturbative vacuum�
�

o  The meson cloud is important for their structure�
�
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CLAS-JLAB results on baryonic resonances 

o  Excitation of a baryon can be carried by the meson cloud�
✘  Pion electro-production:  γ* p  ->  N(1520)D13 -> π N �

o  Strong hint for dominant contribution to the helicity amplitude A3/2 
from the meson cloud near the photo point.�
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Figure 37: Helicity amplitudes for the γ∗p → N(1520)D13 transition. The legend for the
amplitudes extracted from π and 2π electroproduction data is as for Fig. 32. All amplitudes,
except the RPP values, correspond to M = 1520 MeV, Γtot = 112 MeV, βπN = 0.6, and
β2πN = 0.4. The solid, dashed and dashed-dotted curves are, respectively, the predictions of
the quark models [234], [235], and [236].
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Figure 38: The helicity asymmetry
Ahel ≡ (A2

1/2 − A2
3/2)/(A

2
1/2 + A2

3/2) for
the γ∗p → N(1520)D13 transition. Tri-
angles show the results of the JLab
analysis of CLAS π electroproduction
data [137]. The bands indicate the
model uncertainties corresponding to
these results. The result of the global
MAID2007 fit [166] is shown by the dot-
ted curve. The solid curve is the predic-
tion of the quark model with the har-
monic oscillator potential [92].

CLAS data allowed this amplitude to be determined with good precision.

The signs of all three helicity amplitudes are described by quark models taking into account the
signs of both vertices γ∗p → N(1520)D13 and N(1520)D13 → πN , with the last one taken from the
LF relativistic quark model [233]. The shapes of the amplitudes are also reproduced. However, there
is a significant shortfall in the quark models with regard to the A3/2 amplitude at Q2 < 2 GeV2, which
again may hint at large meson-cloud contributions. A coupled-channel analysis of pion photoproduction
data indeed shows large meson-cloud contributions to A3/2 [159], which could explain this discrepancy.
The data show a clear dominance of the A3/2 amplitude at the photon point. With increasing Q2, this
amplitude drops rapidly, and its magnitude is smaller than the magnitude of A1/2 at Q2 > 0.6 GeV2.
In fact, A1/2 dominates the resonance strength at high Q2. This is demonstrated in Fig. 38 in terms of
the helicity asymmetry. The “helicity switch” was predicted in the nonrelativistic quark model with a
harmonic oscillator potential [237]. It is interesting that in spite of possible large meson-cloud contri-
butions, the empirical amplitudes reveal a behavior that is qualitatively consistent with the prediction
of the naive constituent quark model.
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I.G. Aznauryan and J.V. Burkert, Progr. in Part. Nucl. Phys. 67/1, 2012, p. 1–54�
CLAS data�



In-medium self energy of the ρ	



o  For details see e.g. (reviews): �
✘  arXiv:9909.229, R. Rapp and J. Wambach�
✘  arXiv:0907.2388: S.Leupold, V. Metag, U. Mosel�
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In-medium spectral functions  
from hadronic models 

o  Coupling of the ρ to resonance hole excitations provoke a modification 
of the spectral distribution �

o  Strong dependence on relative momentum and baryon density�

September, 2012 � Joachim Stroth for HADES, Goethe-University / GSI � 6�

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8

0.5
1

0

0.5

1

1.5

2

2.5

3

-

Figure 9: Self-consistent averaged spectral function of the rho meson for
ρ

N
= 2ρo.
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Figure 8: Same as Fig. 6, but for the averaged spectral function.
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W. Peters, M. Post, H. Lenske, S. Leupold, U. Mosel: Nucl.Phys. A632 (1998) 109-127�

ρ = ρ0 � ρ = 2 ρ0 �



Agenda 

o  Virtual photons from NN bremsstrahlung �

o  Vector meson production in p (3.5 GeV) induced reactions�

o  Virtual photons from Ar+KCl (1.76 AGeV) reactions�

o  Towards high baryon densities  �
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Virtual photons from NN Bremsstrahlung �



e+e- pairs from pp and np reactions (HADES)  

Data from HADES pp and dp (tagged n) at 1.25 GeV/u �
Cocktail from HSD calculation 2008 with revised description of Bremsstrahlung �

HADES collaboration, PLB 690 (2010)  118 �
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HADES collaboration, PLB 690 (2010) 118 �
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Electron pairs from C+C collisions  
compared to NN reference 



Comparison with One Boson Exchange calculations 

One Boson Exchange calculations reproduce p+p, but not (yet) fully n+p ! �
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Data from HADES pp and dp (tagged n) at 1.25 GeV/u (√s - 2mN ≈ mη)	


OBE calculations, different schemes for implementing gauge invariance.�



Close to a theoretical explanation! 

R. Shyam and U. Mosel�
arXiv 1006.3873�

OBE calculation including �
pion electromagnetic form 
factor for the internal 
pion line.�
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The solution to the DLS puzzle 

HADES data in the acceptance of�
DLS, compared to DLS data.�
HADES collaboration, PLB 663 (2008) �

E. Bratkovskaya et al., PLB 2008. �
Modified description of bremsstrahlung in HSD inspired by  Kaptari et al.�
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Proton (3.5 GeV) induced reactions�



pt Distributions from transport 
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p+p 3.5 GeV HADES data�



e+e- Pairs from p+p and p+Nb reactions  
(HADES, 3.5 GeV/c)  

p+p: �
extraction of inclusive cross 
sections by fitting conventional 
sources to the experimental 
spectrum: �
 

πo: %17 ± 2.7 ± 1 mb �
Δ: %7.5 ± 1.7 mb �
η: %1.14  ± 0.2 mb �
ω: %0.273 ± 0.07 mb �
ρ: %0.223 ± 0.06 mb �

�
p+Nb: �
ω production suppressed�

�
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HADES pp 3.5 GeV with GiBUU 
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Resonance production cross sections from resonance model (based on Teis et al.) �
Giessen group, J. Weil, U. Mosel and colleagues: arXiv:1203.3557v2   �
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Fig. 5. (Color online) Top: Resonance contributions to the
⇢ channel in the dilepton mass spectrum. Bottom: Resonance
contributions to the ⇢ mass distribution. The dashed line in-
dicates the vacuum pole mass of the ⇢ meson. For comparison
we also show the ⇢ meson contribution from our earlier Pythia
simulations [33].

the lighter resonances like e.g. D
13

(1520) will preferen-
tially contribute to the low-mass part of the ⇢ spectral
function. Together with the 1/m3 factor of the dilepton
decay width, this results in a very flat distribution, which
lacks a clear peak at the nominal mass, and dominates the
dilepton spectrum in the intermediate mass region around
500 - 700 MeV.

The ⇢ spectral function is thus ‘modified’ already in the
vacuum, simply due to the production mechanism via nu-
cleon resonances. As seen in fig. 5, the ⇢ mass distribution
in pp at 3.5GeV peaks around 730MeV, with an addi-
tional shoulder around 500MeV (due to low-mass reso-
nances, mainly the D

13

(1520)). This spectral shape is due
to phase-space limitations and special resonance proper-
ties. It di↵ers significantly from the mass distribution re-
sulting from a Pythia simulation [33], which lacks any
resonance contributions. Similar e↵ects were already ob-
served, e.g., in C+C reactions [83]. We stress here that this
is not an ‘in-medium’ e↵ect at all: It is solely caused by
the production mechanism and occurs already in elemen-
tary p+p collisions in the vacuum. This e↵ect is crucial for
understanding the intermediate mass region of the dilep-
ton spectrum in pp collisions at 3.5GeV (as seen in fig. 4)
and might also play an important role at 2.2GeV (see next
section).
The particular influence of the N⇤(1520) resonance on
dilepton spectra from NN collisions have already been in-
vestigated in [84], where it was concluded that theN⇤(1520)
can indeed give sizable contributions to the DLS and HA-
DES spectra, but is subject to moderate uncertainties.
It should be noted that the exact composition of the res-
onance contributions to the ⇢ channel, and therefore also
its exact shape, are not fixed by data so far, but rather
represent an ‘educated guess’. The resonance composition
can be checked via ⇡N invariant mass spectra.
Moreover, possible ⇢� decay modes of certain resonances
could give further contributions to the dilepton cocktail,
as mentioned earlier.
Comparing our cocktail to other transport models like
HSD [85] or UrQMD [86], one of the most significant dis-
crepancies shows up in the size of the � channel. While
in our model the � does not give any significant con-
tribution to the total dilepton yield at E

kin

= 3.5GeV
(without a form factor), this is not so for the two other
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Fig. 6. (Color online) Inclusive and exclusive �

+ production
cross sections in di↵erent models (Fritiof 7.02, Pythia 6.4
and the GiBUU resonance model), compared to data from [82].
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Exclusive channels in p+p 3.5 GeV 
o   pp à pnπ+ and pp à ppπ0 (missing mass analysis)�

o  Hadronic observables to fix the resonance contributions, analysis 
inspired by S. Teis et al. (Z. Phys. A356, 421 (1997)) �
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nπ+ invariant mass� pπ+ angular distribution �



Exclusive dilepton spectrum 

o  Resonance contributions as 
fixed through exclusive pion 
production �

o  Pure QED transitions (no form 
factors for N-γ* vertex) �

Ø  Baryonic resonances 
contribute substantially to the 
dilepton yield in the few GeV 
energy regime�
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o   pp à ppe+e- �
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Motivations pp! p(n)⇡+/pp(⇡0) pp! p(p)e+e�

Comparison of Zetenyi-Wolf (QED) model with data

• Cocktail: ⌘ + ! + ⇢ + �(1232) + Higher res.
+ �(1232)⇡ and ⌘⇡  free parameters constrainted by inclusive analisys.

• ⇢ produced via phase space. �⇢ = 1
2 �! see (Phys. Rev. Lett. 89(2002) 092001).
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Momentum binned invariant mass spectra 

o  First measurement of in-medium vector mesons in the �
relevant momentum region �

o  ω suppressed, in-medium decays buried under ρ-like contribution �
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pe+e- > 0.8 GeV/c  pe+e- < 0.8 GeV/c  



Momentum dependence of RpA 

o  The modification cannot be 
interpreted in terms of �
absorption only!�

o  Different production processes in 
p+A reaction �

o  Low Pee enhancement seems to go 
with virtual photon mass�

o  No Pee dependence of identified ω	
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Ar+KCl 1.76 AGeV �



e+e- pairs from Ar+KCl at 1.76 GeV/u 

First observation of ω mesons in HI 
collisions at these energies. �

„True“ excess (~factor 3)�
Ø  The HADES „Delta“ clock �

HADES collaboration, Nucl.Phys.A830:483C-486C,2009 �
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FIG. 5: (Color online) Top: Comparison of the Ar+KCl
invariant-mass distribution with an isospin-averaged reference
from p+p and n+p data [18]. For clarity systematic error
bars are shown only on every second data point (vertical bars
are statistical, cups are systematic). Both data sets are nor-
malized to their respective pion multiplicity and have their
respective η Dalitz yield subtracted. The dashed lines are
meant to guide the eye. Bottom: Ratio of the heavy-ion
mass distributions (Ar+KCl and C+C) to the 1/2 [pp+np]
reference, whose total error (statistical and systematic added
quadratically) is indicated by the shaded band.

of the Ar+KCl system (N/Z = 1.15). Due to the nor-
malization and the common acceptance both distribu-
tions agree in the π0 Dalitz peak. They differ, however,
strikingly for masses between 0.15 and 0.5 GeV/c2 where
the yield from the heavy system exceeds the NN refer-
ence by a factor of ! 2.5 − 3. This is also visible in the

lower part of Fig. 5 where the ratios of the following pair
yields are shown: Ar+KCl/N+N , and C+C/N+N for
1 and 2A GeV. For this the C+C data were taken from
[8, 9] and transformed into the acceptance of the present
experiment. The Ar+KCl/N+N ratio is very close to
unity at low masses, dominated by the π0 Dalitz pairs,
but for M > 0.15 GeV/c2 it rises to about 3, indicating
the onset of processes not accounted for in the reference
system. Both representations prove that a qualitative
change happens in the nature of the excess yield when
going to the heavier system. Consequently, in contrast
to the C+C system, Ar+KCl can not anymore be seen
as a superposition of independent N+N collisions. A
more complex picture involving multi-body and multi-
step processes and maybe even in-medium modifications
of the involved hadrons is required. Note also that a
scaling with the number of binary nucleon-nucleon col-
lisions Ncoll might be more appropriate to describe the
observed variation of the excess yield with system size.
Indeed, 〈Ncoll〉 calculated within a Glauber approach [28]
increases faster than 〈Apart〉 when going from our LVL1
C+C to LVL1 Ar+KCl events, namely by a factor 6.1 for
〈Ncoll〉 vs. 4.5 for 〈Apart〉.
Combining the dielectron results from HADES and

from the former DLS experiment we can now study
the evolution of the excess over cocktail with beam en-
ergy and system size. To do so we have compiled in
Fig. 6 the excess yields integrated over the mass region
Mee = 0.15 − 0.5 GeV/c2 from all available reaction
systems [6, 8, 9]. For comparison, inclusive π0 and η
multiplicities measured in photon calorimetry with the
TAPS detector [10, 11] are plotted as well. Note that all
yields are extrapolated to the full solid angle3 and are
normalized to their respective average Apart in order to
compensate for differences in the centrality selection of
the various experiments. The normalization also takes
out the trivial system-size dependence of the yields, as
visible from the closeness of the C+C and Ca+Ca me-
son curves4. The somewhat smaller pion multiplicity per
Apart of Ca+Ca can be attributed to meson re-absorption
in this larger system. Note, however, that the eta multi-
plicities start out with the opposite behavior at low beam
energy and switch only around Ebeam =1.5A GeV to the
absorption-dominated scaling. This crossing can be ex-
plained by the transition from the sub-threshold regime,
where multi-step processes favored by a larger reaction
volume are important [29], to above threshold produc-
tion.
Next one can see that the dielectron excess follows pion

production with rising bombarding energy, as we stated
already before [8]. This turns out to be true for both
the C+C and Ca+Ca collision systems, as one can see

3 Assuming similar geometric acceptances for excess pairs and η

Dalitz pairs.
4 We consider here the systems Ar+KCl and Ca+Ca as being
equivalent in size and isospin.

4

and matching quality [7]. Additionally, a single-lepton
momentum cut of 0.1 GeV/c < pe < 1.1 GeV/c confined
the fiducial acceptance to the region where the combined
track reconstruction and lepton identification efficiency
was at least 10%, but typically 30 - 70 %, while the con-
tamination of the lepton sample by charged pions and
protons stayed well below 20%.

Finally, to obtain the e+e− invariant mass signal,
the remaining CB was subtracted from all reconstructed
pairs in the following way: in the low-mass region Mee <
0.4 GeV/c2, where the correlated background from the
π0 two-photon decay followed by double conversion con-
tributes most, the combinatorial background was de-
termined using a method based on like-sign e+e+ and
e−e− pairs emerging from the same event, i.e. CB =
2
√

Ne+e+Ne−e−. For larger masses, however, where the
statistics of like-sign pairs is poor, we used a mixed-event
CB normalized to the like-sign CB [7]. The mixing was
done between events belonging to the same event class in
terms of the track multiplicity (five selections) and the
target segment (four selections), i.e. for a total of twenty
event classes. This procedure was applied likewise to all
other pair observables, in particular the pair transverse
momentum distribution.
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FIG. 3: (Color online) Reconstructed e+e− mass distribu-
tion in Ar+KCl collisions (averaged over three PID analy-
ses, efficiency-corrected, CB subtracted, and normalized to
Nπ0). Statistical and systematic errors of the measurement
are shown as vertical bars and horizontal cups, respectively.
Curves represent the π0 and η Dalitz components, as well
as the ω contribution (Dalitz and direct) simulated with the
event generator Pluto. Also shown are the excess yield over
the simulated cocktail (shaded area) and a fit (exponential
+ Gaussian curves) to the data in the mass range 0.25 -
0.9 GeV/c2 (see III.C for details).

The resulting invariant mass spectrum of the dielec-
tron signal, corrected for the detector and reconstruc-

tion inefficiencies2, but not acceptance, is shown in
Fig. 3. The spectrum is normalized to the average
number of charged pions – also measured in HADES
[20] – namely (Nπ− +Nπ+) /2 = 3.5 per LVL1 event.
As expected from isospin symmetry, this average is a
good estimate of the actual π0 yield Nπ0 , i.e. we set
Nπ0 = (Nπ− +Nπ+) /2. The normalization to Nπ0 com-
pensates in first order the bias caused by the implicit
centrality selection of our LVL1 trigger. The spectrum
shown represents an averaged result from the three paral-
lel PID analyses mentioned above. Besides the statistical
error bars systematic errors are represented as horizon-
tal ticks. They cover systematic effects attributed to the
efficiency correction and combinatorial background sub-
traction (20%), to the error on the normalization (11%),
and to differences between the three PID methods (10%).
Statistical errors are of course point-to-point, the nor-
malization error is global, and the remaining systematic
errors are slowly varying with pair mass. The systematic
errors given are upper bounds and add quadratically to
25%.

III. RESULTS FROM AR+KCL

Here we discuss in more detail the efficiency-corrected
and CB-subtracted dielectron invariant mass spectrum
from Ar+KCl (see Fig. 3). The total yield of !85k sig-
nal pairs is distributed over three easily distinguishable
regions: (i) masses below 0.15 GeV/c2, dominated by
the π0 Dalitz peak, contribute around 70k, (ii) the in-
termediate range of 0.15–0.5 GeV/c2 where the pair ex-
cess is located, holds about 15k, and (iii) masses above
0.5 GeV/c2 where the dileptons from vector meson de-
cays are expected, total a few hundred pairs only (! 450).
All pair observables presented below have been obtained
from inclusive LVL2-triggered events, i.e. with no further
centrality cuts. An investigation of different event classes
selected by analysis cuts on the hit multiplicity revealed
indeed a slight dependence of the normalized pair yields
on centrality. However, as in this still rather small reac-
tion system only a limited range of Apart can be scanned
via such multiplicity cuts, we discuss below the Apart de-
pendence only in the context of a comparison of Ar+KCl
with C+C.

A. Low-mass pairs

The low-mass region contains the bulk of the pair
yield, but it is also the one most strongly affected by the
momentum-dependent efficiency corrections. As more

2 Inefficiencies were determined with an event overlay technique in
which simulated lepton tracks were embedded into real events,
reconstructed, and tallied.
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Towards high baryon density�



 Dilepton rates from theory  

o  Thermal dilepton rates ...�
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The QCD Phase Diagram 

o  Tremendous interest: RHIC-BES, NA61, NICA, and CBM/HADES! �
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L. McLerran, R.D. Pisarski 2007, 
… 



Hadron multiplicities in Ar+KCl 

o  Particle yields surprisingly well described by a �
Statistical Hadronization Model (here THERMUS)�
✘  φ not suppressed�

✘  What about the Cascade?�
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Unexpectedly High Cascade Yield 

Are the strange quarks 
trapped in bubbles?�
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Probability (Mss) to produce in an �
Ar+KCl collisions a strange quark pair �
was found to be 5 × 10-2 �
�
The multiplicity for Ξ is: �
MΞ ≈ 0.1 M2

ss�
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The HADES experiment @ GSI 



Au+Au run in April 2012 
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�
o  Four weeks beam on target �
o  Mean data rate 8-10 kHz �

✘  peak 20 kHz�
o  7 Billion events (140 TB) on disc�



Performance of the new RPC time-of-flight 
system  
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RPC detector built by the Coimbra team (P. Fonte et al.)�
NIM A602:687-690,2009, NIM A602:775-779,2009�

RPC 



The HADES collaboration 
 LIP-Laboratório de Instrumentação e Física Experimental de Partículas , 3004-516 Coimbra, Portugal�
 Smoluchowski Institute of Physics, Jagiellonian University of Cracow, 30-059 Kraków, Poland �
 GSI Helmholtzzentrum für Schwerionenforschunm, 64291 Darmstadt, Germany�
 Institut für Strahlenphysik, Forschungszentrum Dresden-Rossendorf, 01314 Dresden, Germany�
 Joint Institute of Nuclear Research, 141980 Dubna, Russia�
 Institut für Kernphysik, Johann Wolfgang Goethe-Universität, 60438 Frankfurt, Germany�
 II.Physikalisches Institut, Justus Liebig Universität Giessen, 35392 Giessen, Germany�
 Institute for Nuclear Research, Russian Academy of Science, 117312 Moscow, Russia �
 Physik Department E12 & Excellence Cluster Universe, TUM, 85748 München, Germany�
 Department of Physics, University of Cyprus, 1678 Nicosia, Cyprus �
 Institut de Physique Nucléaire (UMR 8608), CNRS/IN2P3 - Université Paris Sud, F-91406 Orsay Cedex, France�
 Nuclear Physics Institute, Academy of Sciences of Czech Republic, 25068 Rez, Czech Republic �
 Departamento de Física de Partículas, University of Santiago de Compostela, 15782 Santiago de C.a, Spain �
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Summary and Outlook 

o  HADES has collected a collected a high-quality data on dilepton 
emission from A+A and elementary collisions, including exclusive 
analysis.  �

o  No evidence for mass shifts of ρ/ω	



o  Contributions from the dense/early phase a quite featureless -> 
strong broadening of in-medium states!(?)�

o  Interesting observations in strangeness production �

o  Missing: heavy collision systems and pion induced reactions (time is 
running) �

o  Bright future for the investigation of Compressed Baryonic Matter at 
FAIR �
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Thank You! 
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