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Explore	Compressed	Baryonic	Ma4er	
with	rare	and	penetra8ng	probes:	

o  EOS	of	(baryon)	dense	and	hot	QCD	
ma1er	

o  Search	for	exo8c	quark	ma4er	phases	
and	rare	strange	ma1er	

o  Study	the	limit	of	hadronic	existence		

Dedicated	experiment	facility	at	FAIR	with		
next	genera8on	high-rate	fix-target	
experiment	CBM:	

o  HI	and	p/d	beams	(π	beams	at	SIS18)	

o  Flexible	detector	setup	to	opBmally	address		
all	relevant	observables		

o  Use	high-acceptance	HADES	spectrometer	for	
important	reference	measurements	(cold-
ma1er	physics)		

the	C.B.M.	mission	
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conjectured	QCD	phase	structure	
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C.B.M.	
Cloudy	Bag	Model	(for	the	nucleon)	
Chirally	restored	valence	quarks	surrounded	by	a	cloud	of	virtual	pions	(G.	Brown	and	M.	Rho,	1979)	

Ø  Rbag=	0.82	fm		➛			bags	touch	at		ρ	≃	3	ρ0	
An	old	model	but	very	instrumental	in	planning	experiments	(A.W.	Thomas,	MENU	2013	)	

LaRce-QCD	vacuum	acBon	on	the	presence	of		
staBc	quarks!	
h1p://www.physics.adelaide.edu.au/theory/staff/leinweber	

o  Not	much	guidance	yet	from	lQCD		
at	finite	µB!	

Nuclear	ma1er	from	in-medium		
Chiral	Perturba8on	Theory!	
J.W.	Holt,	M.	Rho,	W.	Weise	arXiv1411.6681	(Phys.	Rep.	2015)	

o  Provides	predicBon	for	chiral	order	parameter	a.f.o.	
baryon	density	

o  Possibility	to	connect	CBM	measurements	to	NS-
core	ma1er	EOS	
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conjectured	QCD	phase	structure	
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effects	of	the	cloud	in	HADES	data	
(p)n+p	collisions	

o  strong	overshoot	towards	larger	invariant	
masses	

o  Can	be	explained	by	"emission	from	the	internal	
charged	pion	line"		
(off-shell	π-+π+➛ρ)

pion	p/C	(PE)	collisions	

o  preliminary,	run	2014	
o  Cocktail	constrained	by	exclusive	measurement	

of	hadronic	final	states	(no	free	parameter)	
o  PWA	(Bonn/Gatchina	framework)	analysis	

including	electron	and	crystal	barrel	data	
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low-mass	dilepton	pairs	
Thermal	dilepton	spectral	distribuBons	can	be	
used	as	
o  chronometer,	
o  thermometer	and	
o  bar(y)ometer	

of	the	dense	phase	(penetraBng	probe).	
Model:	coarse	grained	UrQMD	with		
Rapp/Wambach	thermal	emission	rates.		
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FIG. 5. (Color online) Invariant mass spectra of the dimuon excess yield in In+In collisions at a beam energy of 158AGeV,
for the low-mass region up 1.5GeV (a) and the intermediate-mass regime up to 2.8GeV (b). We show the contributions of
the in-medium ⇢ emission according to the Rapp-Wambach spectral function [56] (blue short dashed), the contribution from
the Quark-Gluon Plasma, i.e., qq̄-annihilation, according to lattice rates [32, 67] (green dashed) and the emission from multi-
pion reactions, taking vector-axial-vector mixing into account [15] (orange dash-dotted). Additionally a non-thermal transport
contribution for the ⇢ is included in the yield (dark blue dash-dotted). Only left plot: For comparison the thermal ⇢ without
any baryonic e↵ects, i.e. for ⇢e↵ = 0, is shown (violet dash-double-dotted) together with the yield from pure perturbative qq̄-
annihilation rates (green dotted). The results are compared to the experimental data from the NA60 Collaboration [11, 12, 71]

potential. The picture in our transport approach is com-
pletely di↵erent, as pions can be produced and absorbed
over the whole evolution in the system.

As we see from the time evolution of the central cell,
the temperature reaches values of 100MeV even after a
time of 15 fm/c. However, this is a special case and for
most cells the temperature has already dropped beyond
significance before. But in contrast to many approaches
with a fixed lifetime of the fireball, here an underlying
microscopic transport description is applied which takes
into account that some singular cells still reach quite
high temperatures and densities even after the usually
assumed fireball lifetimes. The contribution to the dilep-
ton yield from these few cells is, however, quite negligible.

B. Dilepton spectra

The next step is to investigate how the space-time evo-
lution obtained by coarse-graining the transport simula-
tions is reflected within the resulting dilepton spectra.
It is hereby of particular interest whether and how the
di↵erences in the reaction dynamics as compared to the
fireball parametrizations will be reflected in the µ

+

µ

�-
distributions as measurable in experiment (and whether
one by this can discriminate between di↵erent scenarios
of the fireball evolution).

In Figure 5 the resulting dimuon invariant-mass spec-
tra from the coarse-graining calculations are compared
to data from the NA60 Collaboration. There the dimuon
excess yield in In+In collisions at a beam energy of
E

lab

= 158AGeV with hdN
ch

/d⌘i = 120 is shown, for
the low-mass region up to M = 1.5GeV (a) and the

intermediate-mass regime up to 2.8GeV (b). We show
the contributions of the in-medium ⇢ emission, from the
quark-gluon plasma, i.e., qq̄-annihilation, and the emis-
sion from multi-pion reactions, taking vector-axial-vector
mixing into account. The dilepton emission due to de-
cays of ⇢ mesons from the low-temperature cells is in-
cluded as well, but in the full p

t

-integrated spectrum it
is rather negligible compared to the other contributions.
Comparison with the experimental data from the NA60
Collaboration [11, 71] shows a very good agreement of
our theoretical result with their measurement. Only a
slight tendency to underestimate the data in the invari-
ant mass region from 0.2 to 0.4 GeV and a minor excess
above the data in the pole region is observed. As the
low-mass enhancement and the melting of the peak at
the pole mass are mainly caused by the baryonic e↵ects
on the ⇢ meson spectral function and very sensitive to
the presence of baryons and anti-baryons, this might be
due to the fact that the baryon densities (respectively
the baryon chemical potential) are still slightly too low
in our approach. An additional modification of the spec-
tral shape not considered here may also be caused by the
!-t-channel exchange. It has been found, however, to
give only a small contribution to the total yield and is
significant only for high transverse momenta [15]. Fur-
thermore, one has to bear in mind as well that there is an
uncertainty of up to 15% around M ⇡ 0.4GeV between
the parametrized spectral function and its full evaluation
from thermal field theory which has been found in a full
comparison between both approaches [56], as mentioned
above. Taking this and the systematic uncertainties of
the experimental data and of the model calculations into
account, we conclude that the approach is fully able to
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Figure 3. (Color online) Invariant mass spectra of the dielectron yield for Ar+KCl collisions at Elab = 1.76AGeV (a) and for
Au+Au at Elab = 1.23AGeV (b). The results are normalized to the average total number of ⇡0 per event and shown within
the HADES acceptance. The results for Ar+KCl are compared to the experimental data from the HADES Collaboration [23].
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and is applied for each time step �t.

III. RESULTS

For the results presented here we used calculations
with an ensemble of 1000 UrQMD events. However, sev-
eral runs using di↵erent UrQMD events as input had to
be performed to obtain enough statistics especially for
the non-thermal ⇢ and ! contributions. Note that in
case of the experimental Ar+KCl reaction we simulated
the collision of two calcium ions instead, as this makes
the calculation easier for symmetry reasons. E↵ectively
it is the same as the Ar+K or Ar+Cl reactions that were
measured in the experiment and the size of the system
remains identical. To simulate the correct impact pa-
rameter distribution, we made a Woods-Saxon type fit
to the HADES trigger conditions for Ar+KCl [75] and
Au+Au [76]. In both cases this approximately corre-
sponds to a selection of the 0-40% most central colli-
sions. The number of ⇡0 per event, which will be impor-
tant for the normalization of the dilepton spectra, are
found to agree well with the HADES measurement for
Ar+KCl reactions. Here the HADES collaboration mea-
sured N

exp

⇡

0 = 3.5 where we find N

sim

⇡

0 ⇡ 3.9, i.e. the
deviation is only 12%. For the larger Au+Au system
a number N

sim

⇡

0 ⇡ 8.0 results from the events generated
with the UrQMD model. Note that for reasons of self-
consistency we normalize the dilepton spectra with the
UrQMD ⇡

0 yield, not the experimental one.

The final dilepton results were filtered with the
HADES acceptance filter [77], and momentum cuts were
applied to compare the simulations with the experimen-
tal results. As only very preliminary results and no filters
are available for the Au+Au reactions at 1.23AGeV, we
used the same filter as for p+p and p+n reactions at
1.25AGeV which should be quite close to the final ac-
ceptance [76].
In case of the DLS Ca+Ca spectrum, version 4.1 of the

DLS acceptance filter [78] is used. Furthermore, an RMS
smearing of 10% is applied to account for the detector
resolution. For this reaction we used a minimum-bias
simulation of Ca+Ca events, because impact-parameter
distributions are not available for DLS. Here the final
invariant-mass spectrum is normalized to the total cross-
section of a Ca+Ca reaction.

A. Reaction Dynamics

The main di↵erence between the two heavy-ion reac-
tions considered here (as measured by the HADES Col-
laboration) is the size of the colliding nuclei. Therefore,
it is interesting to first have a look at the evolution of
the reaction for both systems. In Fig. 1 the evolution of
the baryon and energy density (a) as well as the evolu-
tion of temperature and the chemical potentials (b) are
shown. The maximum density values in the central cell
of the grid, i.e., in the center of the collision, reach sim-
ilar values up to roughly 3-6 times ground-state baryon
density ⇢

0

and energy density "

0

for both reactions. In
case of the larger system (Au+Au) a plateau develops for
a duration of more than 10 fm/c, while for Ar+KCl (re-
spectively Ca+Ca in our simulations) the densities drop
o↵ rather quickly after reaching the maximum. Note that
the values for the energy density " shown in Fig. 1 (a) are

HADES	
data		

NA60	
data	

S. Endres et al. [arXiv:1412.1965,arXiv:1505.06131]  
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strangeness	producBon	
The	"story"	of	the	phi:	

o  supposed	to	be	"special"	because	of	the	ss	content	(OZI).	

but	...	
o  DISTO:	phi	producBon	in	p+p	10	Bmes	above	OZI	expectaBon!						

(PRL	81,	21	(1998))	
o  ANKE:	in-medium	cross	secBon	14-21	mb	(almost	like	pion)!									

(arXiv:1201.3517v1)	
o  HADES:	producBon	in	HI	as	if	it	has	no	strangeness	content!										

(arXiv:1010.1675)	
	

Ø  Excita8on	func8on	of	mul8-strange	baryons			
o  Important	observable	hardly	addressed	at	SIS/AGS	energies	

Ø  Mul8-strange	hypernuclei	
o Make	use	of	the	high	rate	capability	and	on-line	data	reducBon	

9	December	5,	2015	 CBM	and	HADES,	Bad	Honnef	

A. Andronic, P. Braun-Munzinger, J. Stachel, 
H. Stöcker, Phys. Lett. B697 (2011) 203 

ΛΛHe	

ΛΛH	

ΛΛΞHe	

ΛH	

Production of hypernuclei 
via  coalescence of 
hyperons and light nuclei 



experiments	exploring	dense	QCD	ma1er		

10	

Particle yields in central Au+Au 4 A GeV 
 from SHM (A. Andronic priv. com.) 

AGS 

e+e-	
μ+μ-	

Rare	and	penetra8ng	probes	have	not	yet	been	systema8cally	studied		
for	exploring	compressed	baryonic	ma4er!	
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Experimental requirements  
Time	of	Flight	

ProjecBle	
Spectator	
Detector	

DAQ/FLES HPC cluster  

Dipol	
Magnet	

Silicon	
Tracking	
System	

HADES 
p+p, p+A 
A+A (low mult.) 
large acceptance 
low material budget 

Micro	
Vertex	
Detector	

Ring	
Imaging	
Cherenkov	

TransiBon	
RadiaBon	
Detector	
(4/12)	

Muon	
Detector	



C.B.M.	strategy		
unBl	2018	

o  producBon	readiness	for	all	MSV	relevant	detector	systems	
o  start	of	mass	producBon	for	STS,	TOF	and	RICH	
o  compleBon	of	HADES	lead	glass	calorimeter	

2018-2020	(phase	0)	
o  conBnue	mass	producBon	of	CBM	detector	components	
o  HADES	experimental	campaign	at	SIS18	(π,	HI	beam)	
o  operaBon	of	CBM	pre-series	detectors*	in	STAR,	BM@N	and	HADES	

2021	on	(phase	1)	
o  InstallaBon		and	commissioning	of	CBM	start	version	to	be	ready	for	day-one	FAIR	

experiment	with	SIS100	beam	and	CBM	start	version	
o  CompleBon	of	installaBon	of	CBM/MUCH,HADES	and	start	of	comprehensive	research	

program	

*	provided	core	invest	money	is	available	in	the	running	BMBF	funding	period	

12	December	5,	2015	 CBM	and	HADES,	Bad	Honnef	



# Project TDR	Status	

1 Magnet approved	

2 STS approved		

3 RICH approved	

4 TOF approved	

5 MuCh approved	

6 HADES ECAL approved	

7 PSD approved		

8 MVD submission	2016	

9 DAQ/FLES submission	2016	

10 TRD submission	2016	

CBM	Technical	Design	Reports	

13	

Ongoing	R&D:	Development	of	CMOS	sensors	(MVD),	read-out	ASIC	for	STS,	and	DAQ/FLES	

December	5,	2015	 CBM	and	HADES,	Bad	Honnef	



R&D	achievements	
60	ps	Bme-resoluBon	for	MIPS	with	MRPC	modules	with	adjustable	granularity	

o  DifferenBal	strip	readout	with	varying	strip	length	(4	–	30	cm)			
o  	Adapted	customized	electronics	(PADI,	GET4)		
o  High	rate	capability	by	usage	of	doped	glass	with	high	conducBvity	(1011	Ωcm)	

CBM-TOF	collaboraBon,	Journal	of	InstrumentaBon	7	(2012)	P10008	

14	

Low-mas,	vacuum-compaBble	pixel	sensor	integraBon	
o  double	sided	integraBon	on	CVD	material	-	below	0.3	%	X0	in	total	
o  50	µm	thinned	MAPS	with	enhanced	radiaBon	tolerance	(IPHC)	

CBM-MVD	collaboraBon:	Nucl.Instrum.Meth.	A732	(2013)	515-518	

	
	Wavelength	shiuing	film	enhanced	UV	photo	efficiency	

o  Film	applied	by	dip-coaBng	method	
o  20	%	increase	in	mean	detected	photon	per	ring	

CBM-RICH/GSI	collabora8on:	Nucl.	Instrum.	Meth.	A	783	(2015)	43	

High-rate	modular	muon	detecBon	system	
o  -		Design	based	on		instrumented	absorbers	completed	
o  -	Large	area	prototype	GEM	detectors	built	and	successfully	tested	

CBM-MUCH	collabora8on:	S.	Achmad	et	al.,	Nucl.	Instrum.	Meth.	A775	(2014)	139-147	

3.5. Crosstalk – charge sharing

Crosstalk is defined here in the sense of charge sharing
between neighboring pixels in the following way: we illuminated
the central 5! 5 mm2 of a MAPMT pixel with single photons from
a pinhole. The hits in the illuminated as well as in the adjacent
pixels were detected. The crosstalk is then defined by the number
of hits in adjacent pixels normalized to the number of hits in the
illuminated pixel.

Fig. 8 shows the number of hits as a function of the MAPMT
pixel position for the illumination of the central 5! 5 mm2 of one
pixel. In the left plot, an uncoated pixel and in the right plot a pixel
coated by a WLS film was illuminated. An enhanced crosstalk is
observed in the right plot, especially in the diagonal neighbors.

Table 2 shows the crosstalk in next neighboring pixels mea-
sured for one and the same H8500D-03 MAPMT with and without
WLS films. To quantify the overall crosstalk, we consider hits in the
next as well as in next-to-next neighboring pixels. Without film,
the crosstalk adds up to 3.8% at 470 nm and also 3.8% at 245 nm.
For WLS coated pixels, the crosstalk is 3.8% at 470 nm and 4.7% at
245 nm. These numbers show that at 470 nm, a wavelength at
which the WLS film is transparent, crosstalk is comparable with
and without coating. At 245 nm, however, the crosstalk is larger by
24% with WLS coating due to the isotropic fluorescence of the film.
The influence of crosstalk from WLS films on the Cherenkov ring
sharpness will be discussed in the next section.

3.6. Usage of WLS films in a RICH detector

In the following, the results of an in-beam test of the coated
and uncoated MAPMTs used in a prototype of the CBM-RICH
detector are summarized with focus on Cherenkov ring hit multi-
plicity and ring sharpness.

(a) Cherenkov ring hit multiplicity – Fig. 9 shows integrated
Cherenkov rings detected without (left) and with WLS film (right).
An increased hit multiplicity for WLS coated MAPMTs is observed.
For a quantitative analysis, Gaussian functions were fit to the hit
multiplicity distributions with and without WLS film (least
squares fit) and the mean of the fits are compared. This is shown
exemplarily in Fig. 10 for H8500D-03 MAPMTs, for which an
increase in hit multiplicity by 18% was observed.

The different types of MAPMTs compare as follows: The gain
due to WLS films is (21.271.4)% for rings detected by H10966A-
103 MAPMTs, (18.271.5)% for H8500D-03, and (18.071.4)% for
R11265-103-M16. These results are compatible with the hierarchy
of relative QE gain shown in Fig. 6 (bottom).

Furthermore, the experimental results agree well with a full
Monte Carlo simulation of the experimental setup using the
measured QE curves for the different MAPMT types (Table 3,
[17]). The precision of the experimentally determined hit multi-
plicity given in the table is obtained by monitoring the detector
performance under stable conditions. The uncertainty of the

Table 2
Crosstalk of an uncoated (left) and a different but coated (right) pixel of a H8500-03
MAPMT illuminated at 245 nm (top) and 470 nm (bottom). The charge detected in
the pixels in the direct neighborhood of the center pixel (CP) is given in percent
with respect to the charge detected in the center pixel (¼100%).

photoelectrons per electron ring
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no WLS WLS

Fig. 10. Hit multiplicity distribution measured with H8500D-03 MAPMTs with dip-
coated WLS films of E200 nm thickness in comparison to the same MAPMTs after
film removal. The numbers indicate mean and sigma of the Gaussian fits to the
data. Although the peak region of the WLS covered MAPMTs is not perfectly
reproduced, mean value and width of the fitted distributions compare well with
the data.
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Fig. 9. Integrated Cherenkov rings from 10,000 electrons detected with the CBM RICH prototype. The ring radius is approximately 45 mm so that a ring covers an array of
two by two MAPMTs of 5.8!5.8 cm2 each. The left plot shows the number of hits per MAPMT pixel without WLS film, the right plot shows the number of hits with WLS film.
A correction for radiator pressure and temperature was applied. An increased hit multiplicity with WLS film is observed.

J. Adamczewski-Musch et al. / Nuclear Instruments and Methods in Physics Research A 783 (2015) 43–50 49

Background	picture:	STS	module	assembly	with	double-sided	strip	sensor,		ultra-thin	flex	cables	and	front-end	card.	
December	5,	2015	 CBM	and	HADES,	Bad	Honnef	



		just	finished	at	CERN	SPS	

15	

Full	system	test	of		CBM	TOF	system:	
o  Several	MRPC	modules	under	test:	

pad,	mulB-strip	from	16	-	128	strips	

o  1074	channels	

o  Full	DAQ	chain	with	PADI,	FPGA	TDC,	TRB	

o  Diamond	start	detector	

Pb+Pb	collisions	at	at	SPS	
	
	

Beijing-Bucharest-GSI-Heidelberg-Wuhan	Team	December	5,	2015	 CBM	and	HADES,	Bad	Honnef	



pre-series	CBM	detectors	
CBM	MRPC's	for	STAR	barrel	TOF	
o  Extends	STAR's	PID	capability	to	larger		
rapidity	coverage	

o Modules	are	produced	by	CCNU,	ISTC	and	
Tsinghua	U.	(Wuhan	and	Beijing)	

o  Provides	large-scale	integraBon	test	
o  Gain	experience	in	MRPC	operaBon	

MAPMT	UV	photon	detector	for	HADES	
o  Replaces	aging	solid	CsI	based	UV	photon	
detector	

o  Improves	rate	capability	
o  Joint	development	CBM	and	HADES	
o  Leaves	the	rest	of	the	HADES-RICH	untouched	

Slide 11CBM collaboration meeting Prague, 17.09.2015

First impression, how HADES-PMT-RICH
could look like

Using ~420 pc
of the CBM RICH 
MAPMT photon sensors

Design and drawings:
Mike Faul, GSI
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allows	young	members	of	the	CBM	collabora8on	to	par8cipate	in	experiments	before	2022	



German	parBcipaBon	in	C.B.M.	
HADES	 MVD	 STS	 RICH	 TRD	 TOF	 DAQ/DCS	 FLES	 PSD	

ZIB	Berlin	

GSI	Darmstadt	

TU	Darmstadt	

Univ.	Frankfurt	

Univ.	Giessen	

Univ.	Heidelberg	

KIT		

TU	München	

Univ.	Münster	

Univ.	Tübingen	

Univ.	Wuppertal	

17	

Konrad-Zuse-Zentrum Berlin  Prof. Reinefeld 
GSI Darmstadt:  Prof. Senger,  Dr. Schmidt,  Dr. Sturm (FAIR: J. Eschke, W.F.J. Müller) 
Technische Univ. Darmstadt:  JProf. Galatyuk 
Univ. Frankfurt:  Prof. Blume, Prof.. Kebschull, Prof. Kisel, Prof. Lindenstruth, Prof. Stroth, Prof. Toia 
Univ. Giessen:  Prof. Höhne, Prof.  
Univ. Heidelberg:  Prof. Herrmann, Prof. Fischer 
Karlsruhe Institute for Technology:  Prof.  Becker 
Technische Univ. München:  Prof. Fabbietti 
Univ. Tübingen  Prof. Schmidt 
Univ. Wuppertal:  Prof. Kampert 

December	5,	2015	 CBM	and	HADES,	Bad	Honnef	



M€ 

Costs	and	funding	CBM	day-1	version	

18	

0	 2	 4	 6	 8	 10	 12	 14	

Infrastructure	

Online	Systems	(DAQ	and	FLES)	

Projec8le	Spectator	Detector	(PSD)	

Time	of	Flight	System	(TOF)	

Transi8on	Radia8on	Detector	(TRD)	

Muon	Detector	(MUCH)		

Ring	Image	Cherenkov	Detector	
(RICH)	

Silicon	Tracking	System	(STS)	

Micro	Vertex	Detector	(MVD)	

Dipol	MAGNET	

secured	

Expression	of	Interest	

to	be	assigned	

December	5,	2015	 CBM	and	HADES,	Bad	Honnef	
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back	up	
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HADES	run	scenario	at	SIS18	

Time	line	
o  Upgrade	program	in	2016-2017	(no	operaBon)	
o  Likely	beam	available	from	2018	on	(summer)	
o  AnBcipated	improved	condiBons	

-  radiaBon	protecBon	
-  new	slow	extracBon	
-  improved	intensiBes		

	

Assume	three	long	campaigns	
i.e.	
o  π+PE/lH2:		baryon	em	transiBon	form	factors,		

baryonic	resonances	with	strangeness	
o  p+A:	strangeness/vector	mesons	in	medium	
o  A+A:	medium	system	at	maximal	energy	
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FAIR	project	plan	
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