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SCIENTIFIC REPORT:

This workshop was the fourth of the series on “Electromagnetic Probes of Strongly Interacting Matter" at ECT* (March 1999, June 2005, June 2007). Its main purpose was to communicate the newest experimental results and theoretical developments to advance our understanding and develop a coherent picture of the properties of hadrons in hot/dense QCD matter, specifically of the light vector mesons r, w and f. The workshop benefited from discussions between the high- and intermediate-energy heavy-ion communities, as well as from connections to elementary proton- and photo-induced meson-production reactions. The discussion was further stimulated in 4 lively evening sessions following the regular talks (moderated by B. Friman, J. Wambach, V. Koch and I. Tserruya). Inviting the leading scientists in the field ensured a high quality of the meeting.
RESULT AND HIGHLIGHTS
DAY 1:

· Re-analysis of TAPS data on w photo-production does not exhibit a significant w mass shift in nuclei (revising previous claims); w line shape analysis is not sensitive to medium effects, but nuclear transparency ratio suggests a large absorptive w width.

· The experimentally suggested large w width cannot be explained by theory in linear density approximation; r2N effects in the pion cloud of the w may resolve this problem.

· CLAS-g7 dielectron mass spectra in nuclear photoproduction show a moderate broadening of the r, contradicting KEK-E325 results in p-induced reactions (9% downward r-mass shift); the in-medium w width inferred from the transparency ratio confirms TAPS results.

· Recent hadronic many-body calculations reproduce CLAS-g7 data on the in-medium r, predicting a reduced broadening at large 3-momentum p > 1GeV.

· Theoretical and phenomenological analysis of t decay data using chiral Lagrangians for vector/axialvector spectral functions seem to favor a dynamical nature of the a1 resonance.

· Moment analysis of in-medium QCD sum rules for vector spectral function demonstrated consistency of hadronic many-body effects with Operator Product Expansion; controversial discussion of ramifications for chiral restoration (in-medium pion decay constant).
DAY 2:

· Confirmation of experimental resolution of the longstanding DLS puzzle by HADES: reference spectrum from p+p and n+p accounts for the 12C+C spectrum when scaled by the number of binary N+N collisions.

· Importance of dilepton production in N+N Bremsstrahlung (BS) has been confirmed theoretically; latest OBE-model calculations made progress in qualitatively reproducing the strong isospin dependence, but do not yet describe “quasi-free" n+p collisions satisfactorily.

· The problematics of a full gauge-invariant calculation of BS using realistic N+N T-matrices (rather than OBE amplitudes) has been exhibited; the importance of full gauge invariance (not just transversality of the amplitude) was emphasized.

· In 1.76 GeV/u 40Ar+KCl a substantial contribution of radiation from the dense medium is identified as baryon-resonance contributions to e+e- mass spectrum (scaling with pion number). For the first time at these energies vector-meson production has been observed. The mt slopes for e+e- pairs with invariant mass above 500 MeV/c2 are substantially harder than at lower mass.

· p+p data at 3.5 GeV kinetic beam energy were presented for the first time; no solid theoretical interpretation of data yet, due to poorly known electromagnetic transition form factors of D and other resonances in the time-like region.

· The problem of off-shell transport simulations was reiterated, exhibiting differing treatments in different codes.

DAY 3:

· Presentation of fully acceptance corrected dimuon mass excess spectra in 115In+In collisions at Ebeam = 158 GeV/u by NA60, achieving (Lorentz-) invariance of the mass spectrum for the first time in heavy-ion collisions. Isotropy of angular distribution supports the interpretation of the excess as thermal radiation over the entire mass range (M=2mm-3 GeV).

· Excellent agreement of hadronic many-body calculations for the in-medium r spectral function with acceptance corrected NA60 low-mass spectra (M(1 GeV), thus establishing the melting of the r resonance (mr ( Gr) at temperatures close to Tc; lifetime of the fireball in In(158 AGeV)-In can be determined with unprecedented accuracy at 6-8 fm/c.

· Controversial discussion of the interpretation of the NA60 dimuon excess at intermediate mass (M=1-3 GeV); a rather sharp drop of the effective slope parameter for dimuon mt spectra around M(1 GeV suggests a transition to a “new" source (other than inmedium r decays) with temperature

T(160–200 MeV; no consensus on composition of this source (“partonic" or multi-meson annihilation which thus far is not included consistently in all theoretical models); importance of the acceptance-corrected mass spectra in determining the “true" radiation temperature (unaffected by blue shifts due to flow).

· Indirect evidence for in-medium w broadening via absorption at low pt; no effect for the f.
· Elliptic flow of thermal dileptons suggested as tool to disentangle their emission history.

· Presentation of high-precision data on the e.m. transition form factors of h and w Dalitz decays in peripheral In-In, confirming Lepton-G results.

DAY 4:

· New lattice QCD results (quenched) for low-mass thermal dilepton rates at p=0 show good agreement with hard-thermal loop results, thus supporting the quark-hadron duality scenario with hadronic many-body theory with implied chiral restoration; w ( 0 limit allows to extract thermal conductivity; extension to non-zero 3-momentum in near future.

· PHENIX dielectron mass spectra for 197Au+Au at (s = 200 GeV at RHIC show a striking low-mass enhancement for M=0.2–0.7 GeV which is a strong function of centrality (concentrated in central collisions), dubbed “PHENIX puzzle".

· Excess reported in central 64Cu+Cu (world premiere) does not reach the level of the one measured in 197Au+Au.

· Measurements of thermal (quasi-real) photon pt have been reported indicating a temperature of T(220 MeV in Au-Au at RHIC.

· ALICE dielectron and CMS dimuon spectra at LHC energy for p+p at (s = 7 TeV (world premiere) over large mass range look very promising for heavy-ion runs.

· QGP emission (constrained by newest lattice-QCD results, see above) has been shown to be inefficient in explaining the PHENIX puzzle, due to a general interplay of emission temperature and 3-volume; solution to PHENIX puzzle likely residing in hadronic phase, e.g., long-lived pion droplets, possibly Disoriented Chiral Condensate; challenge of consistency with hadronic data at RHIC and dileptons at SPS.

· First calculations of in-medium a1 spectral function (chiral partner of r) in cold nuclear matter, using dynamically generated a1 resonance from chiral Lagrangian; a1 resonance exhibits significant broadening in nuclear medium.

· Presentation of comprehensive approach to parton jet quenching and e.m. emission at high pt.

DAY 5:

· New results from hybrid model (UrQMD and hydro) for the dynamics of heavy-ion collisions, using a 3+1 ideal hydro evolution for the hot and dense stage of the reaction; first implementation of thermal dilepton radiation into hydrid approach; promising results but NA60 data cannot be quantitatively described; necessity of improving hadronic input rates at both low and intermediate mass.

· Discussion of future theoretical approaches to in-medium vector mesons/chiral restoration.

· Planned experiments for vector-meson measurements through dileptons at

J-PARC (cold nuclear matter), NA60* at SPS (critical point!?), and CBM at FAIR (although not a dedicated dilepton spectrometer).

CONCLUSIONS

In conclusion, this workshop fully met its goal by bringing together leading theorists and experimentalists working on electromagnetic probes of QCD matter from GSI to RHIC/LHC energies. Lively discussions fostered improved understanding and stimulated new directions for future research projects and “homework" to be conducted. With LHC having started operation in the heavy-ion mode, precision RHIC dilepton data having been collected with the HBD, HADES having completed its upgrade and ready to perform 197Au+Au measurements, we enthusiastically suggest a continuation of this workshop series in 2012 to scrutinize further progress made in the wake of this meeting and take advantage of the building momentum in this field.

Most of the talks can be browsed on the website: http://www.ect.it/
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Monday, September 13: Dileptons from cold nuclear matter 

(Chairs: Morning: P. Salabura, Afternoon: S. Leupold)

	Time
	Speaker
	Title

	8:45 – 9:15
	Registration
	

	9:15 – 9:30
	Director/organizers
	Opening remarks

	9:30 – 10:10
	M. Nanova

(Gießen)
	Photo-excitation of hadrons in nuclei (CB-TAPS/MAMI)

	10:10 – 10:50
	J. Weil

(Gießen)
	Dilepton signal from cold nuclear matter (Part 1)

	10:50 – 11:20
	
	Coffee Break

	11:20 – 11:50
	V. Metag

(Giessen)
	h-Form factor

	11:50 – 12:30
	Lijuan Ruan

(BNL)
	Dileptons at STAR

	12:30 – 14:00
	
	Lunch Break

	14:00 – 14:40
	M. Procura (München)
	In medium rho meson and QCD sum rules

	14:40 – 15:10
	Gy. Wolf

(Budapest)
	Dileptons from transport models at 1-2 AGeV

	15:10 – 16:00
	
	Coffee Break

	16:00 – 16:40
	K. Nakayama

(Georgia/Athens)
	Bremsstrahlung from relativistic mean field theory

	16:40 – 17:10
	G. Lykassov

(Dubna)
	Spectator model within the Light Cone Dynamics

	17:30 – 18:30
	Moderator

(B. Friman)
	Discussion on dileptons from cold nuclear matter


Tuesday, September 14: Electron pair production in the few GeV regime

(Chairs: Morning: B. Kämpfer, Afternoon: V. Metag)

	Time
	Speaker
	Title

	9:30 – 10:30
	P. Salabura

(Cracow)
	Systematic of meson production in elementary collisions



	10:30 – 11:00
	
	Coffee Break

	11:00 – 11:40
	E. L. Bratkovskaya

(Frankfurt)
	Dileptons from off-shell transport

	11:40 – 12:20
	T.Galatyuk

(Frankfurt)
	Dilepton production in elementary collisions

(HADES and DLS)

	12:20 – 14:10
	
	Lunch Break

	14:10 – 14:50
	R. Shyam

(Calcutta)
	Dilepton production in OBE models

	14:50 – 15:30
	R. Holzmann

(Darmstadt)
	Dileptons from Ar+KCl (mt and excess scaling)

	15:30 – 16:00
	
	Coffee Break

	16:00 – 16:40
	J. Weil

(Gießen)
	Dilepton signal from cold nuclear matter (Part 2)

	16:40 – 17:20
	S. Leupold

(Uppsala)
	Vector and axial-vector currents and their coupling to hadrons

	17:30 – 18:30
	Moderator

J. Wambach
	Pre-dinner discussion (with wine) on low-mass dileptons production at SIS/Bevalac energies


Wednesday, September 15: Dileptons at CERN-SPS-LHC

Chairs: Morning: H. Specht, Afternoon: I. Tserruya)

	Time
	Speaker
	Title

	9:30 – 10:30
	H. van Hees

(Gießen)
	EM spectra at CERN-SPS

	10:30 – 11:00
	
	Coffee Break

	11:00 – 11:40
	S. Damjanovic

(CERN)
	NA60 low-mass muon pairs

	11:40 – 12:20
	Payal Mohanty
(VECC)
	Flow of thermal dileptons in heavy-ion collision

	12:20 – 14:10
	
	Lunch Break

	14:10 – 14:50
	O. Busch

(Heidelberg)
	CERES low-mass electron pairs

	14:50 – 15:30
	E. Santini

(Frankfurt)
	Dileptons and photons from hybrid evolution models

	15:30 – 16:00
	
	Coffee Break

	16:00 – 16:40
	C. Baumann
(Frankfurt)
	ALICE: first results on e+e- from pp collisions

	16:50 – 17:50
	Moderator

V. Koch
	Discussion on low-mass dilepton production at SPS

	20:00
	
	Conference dinner


Thursday, September 16: Dileptons at RHIC 

(Chairs: Morning: C. Gale, Afternoon: R. Rapp)

	Time
	Speaker
	Title

	9:30 – 10:30
	O. Kaczmarek

(Uni Bielefeld)
	Dileptons from LQCD

	10:30 – 11:00
	
	Coffee Break

	11:00 – 11:40
	J. Kamin

(Stony Brook)

for A. Drees
	Dileptons at PHENIX

	11:40 – 12:20
	R. Rapp

(College Station)
	Theoretical interpretation of the PHENIX result


	12:20 – 14:00
	
	Lunch Break

	14:00 – 14:40
	D. Cabrera

(Madrid)
	a1 in medium

	14:40 – 15:20
	C. Gale

(McGill)
	High pt photons from QGP

	15:20 – 16:00
	
	Coffee Break

	16:00 – 16:40
	O. Linnyk

(Frankfurt)
	Dileptons from Quark Gluon Plasma

	16:40 – 17:20
	J. Kamin

(Stony Brook)
	Hadron Blind Detector

(upgrade to the PHENIX dielectron program)

	17:30 – 18:30
	Moderator

(I. Tserruya)
	Discussion on low-mass dilepton production at RHIC


Friday, September 17: Future

(Chairs: Morning: V. Koch, Afternoon: R. Holzmann)

	Time
	Speaker
	Title

	9:30 – 10:30
	M. Harada

(Nagoya)
	New approaches to in-medium spectral functions

	10:30 – 11:00
	
	Coffee Break

	11:00 – 11:40
	V. Metag 

(Gießen)

for R. Nasseripour
	Photo-excitation of vector mesons off nuclei (jLab G7-CLAS)

	11:40 – 12:20
	Yokkaichi Satoshi

(Tokyo)
	Dileptons at JPARC

	12:20 – 14:00
	
	Lunch Break

	14:00 – 14:40
	M. Bleicher

(Frankfurt)
	Hybrid codes

	14:40 – 15:20
	
	Coffee Break

	15:20 – 16:00
	G. Usai

(Cagliari)
	NA60 plans for the future

	16:00 – 16:40
	C. Höhne

(Gießen)
	Challenges for CBM

	16:40 – 17:20
	Organizer
	Concluding Remarks

	
	Adjourn
	


