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MotivationMotivation

Excitation function of the multiplicity of 
excess pairs (triangles) in the mass range 

0.15 < Mee/GeV/c2 < 0.55 in collisions 
compared to light hadron production

Measured pair excess in CC 
scales with beam energy as  pion 
production not like η production!

at SIS energies effectively all 
pions come from resonance decay

Need for a quantitative 
understanding of 

elementary processes
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Elementary collisions with HADESElementary collisions with HADES

Primary goal of HADES elementary (pp/dp) programme is to establish the cocktail 
of "free" hadron decays for SIS energies (reference for HI collisions)

Strategy: Study of e+e- sources in pp and pn at η production threshold
Measure pp→Δ+p→ppe+e- (fix Δ+ assuming σbrems (pp)  is small)

inclusive: comparison to HI measurement 
exclusive: select Δ+ production by appropriate cut on pp missing mass
pp→p Δ+ → ppe+e- and  pp→pΔ+→ppπ0

Measure pn →e+e-X with dp reactions to determine σbrems (pn)
(Fermi momentum?)

N
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R
N

N

N

N

γ*
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N

N

N

N

γ*

e+

e-

(C. Fuchs, PHYS. REV C 68,

014904 (2003))

Virtual photon production in NN collisions
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HADES experiment at SIS18, GSIHADES experiment at SIS18, GSI

Side ViewGeometryGeometry
Full azimuth,
polar angles 18o - 85o

Pair acceptance ≈ 0.35

Particle identificationParticle identification
RICH, TOF/TOFino, Pre-Shower 

Detector, FW hodoscope: added 
2007

LowLow--mass trackingmass tracking
Super conducting toroid magnet
Multi-wire drift chamber (MDC), 

single cell resolution ≈ 100 μm

TriggerTrigger
LVL1: charge particle multiplicity
LVL2: single electron trigger

FW
θ > 7o
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HADES experiment at SIS18, GSIHADES experiment at SIS18, GSI

Side View

d

FW

p_spec

pc

p_c

Beam energy Ebeam = 1.25 GeV
LH2 target
RICH, MDC+magnet, TOF/SHOWER 

p+pp+p::
one week of running in April 2006
~2.6*109 LVL1 events collected

(MUL=>3 trigger)

d+pd+p::
two weeks of running in April 2007
~4.8·109 LVL1 events collected 

(MUL=>2 && FW "p spectator")
tag on np -> e+e- X reactions
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Experimental data (raw data)Experimental data (raw data)

elastic

elastic

NN ⋅=
σ
σ

π
π

0

0

Subtraction of combinatorial background
same event like-sign pairs (N--+N++)

Nelastic - total number of elastic scattering in 4π

Nelastic =  Nelastic
HADES * F 

F – efficiency and trigger correction factor

N elastic
HADES = number of elastic events in HADESπ0

e-

e+

e-

e+

γ

γ

Correlated
background

Efficiency correction
Normalisation

2nd step

1st step
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Efficiency corrected spectraEfficiency corrected spectra

Net Pairs:
pp datapp data : Mee < 150 MeV/c2:  37156 counts,        Mee ≥ 150 MeV/c2:  418   counts
npnp datadata : Mee < 150 MeV/c2:  61472 counts,        Mee ≥ 150 MeV/c2:  2207 counts

preliminary

preliminary

pp data np data

Total systematic error is about  28 %
efficiency correction ~20%
normalization to π0 ~20%
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Phase space coveragePhase space coverage

n+p pt spectrum is more soft!
recent calculation on di-electron bremsstrahlung in intermediate-energy pn
collisions [L.P. Kaptari and B. Kämpfer Nucl. Phys. A 764 (2006)] show an 
enhancement of NN-Bremss. in the pn case
does enhanced NN-Bremss. explain measured np data?

MMeeee << 0.15 GeV/c0.15 GeV/c22 MMeeee << 0.15 GeV/c0.15 GeV/c22MMeeee >> 0.15 GeV/c0.15 GeV/c22 MMeeee >> 0.15 GeV/c0.15 GeV/c22

preliminary
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pp and pp and npnp data compared to modeldata compared to model
(PLUTO (PLUTO –– known sources)known sources)

model calculations: Δ, η (constrained by CELSIUS/WASA data) 
large excess in n+p reactions (~ factor 5) above Δ, η
no "quasielastic"  Bremsstrahlung included!!!

"quasi-free" n+p 1.25 GeV

θe+e->9o
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DielectronDielectron yield ratio yield ratio pnpn / pp/ pp

Efficiency and acceptance 
corrected data, normalized to 
the number of pp elastic 
events

π0 yield in p+n larger by factor 
~2 as predicted by resonance 
model!

NN Bremstrahlung model 
does not explain np data

preliminary

?
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Efficiency and acceptance corrected Efficiency and acceptance corrected pp pp data,data,
comparison to transport model calculationcomparison to transport model calculation

preliminary

IQMD

Δ→e+e-N seems to explain e+e- yield in p+p at 1.25 GeV
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Efficiency and acceptance corrected Efficiency and acceptance corrected npnp data,data,
comparison to transport model calculationcomparison to transport model calculation

IQMD

preliminary

Data are not explained satisfactorily!
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Exclusive Exclusive ee++ee-- spectrumspectrum

Missing (proton) mass spectrum
( M>0.14MeV/c2)

Invariant mass spectrum of e+e-

Identification of the final state vs. less acceptance
(~factor 2 less compare to inclusive analysis)
Much lower background
Allows determination of the (Δ →pe+e-) branching ratio and, with 
sufficient statistics, of the electromagnetic transition formfactor

preliminary
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Identification of the excessIdentification of the excess

[Phys. Rev. C 58, 2667 - 2670 
(1998), H. Calén et al., 

“Measurement of the quasifree
pn→pnη reaction”]

1.

npBremss. – ppBremss

[L.P. Kaptari, B. Kämpfer, 
Nucl. Phys. A 764 (2006).]

σ (pp ppη) ~ 0

2.
preliminary
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Resonance Resonance DalitzDalitz decay decay 

N

γ∗ e+

e-
X

(ρ)
(ρ)
(η,ω)

N

γ∗ e+

e-
X

ρ, ω

X=
Δ(1232)
N(1440) 
N(1520) 
N(1535)

Higher lying baryonic resonances fully contribute to the mass 
region below the vector meson pole mass due to off-shell 

propagation of intermediate VM!

[Krivoruchenko et al., arXiv:nucl-th/0010056v2 14 Feb 2003]

The dilepton production cross sections
pp → e+e−pp through the nucleon 

resonances R = Δ, N*, and Δ* at an kinetic 
proton energy of T = 1.61 GeV
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Can comparisons between the CC, pp, and pd data 
shed light on the question of the excess?

Pair excess observed in CC 
data has been traced back to 
anomalous pair production in np
collisions

Dielectron yield in CC data 
reproduced by proper scaling of 
measured e+e- production in NN 
interactions

Comparison of CC data to NN collisions

preliminary

e+e- yield in C+C data underestimated theoretically because of 
insufficient treatment of electromagnetic transition formfactor!
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Physics Runs inPhysics Runs in…… p, d, p, d, ππ -- inducedinduced A + AA + A Status/CommentStatus/Comment

2008/9 Upgrade RPC, DAQ

2002 C+C 2 AGeV Published!
2004 C+C 1 AGeV Submitted!
2004 p + p 2.2 GeV Analysis finished
2005 Ar+KCl 1.75 AGeV Analysis ongoing

2006 p + p 1.25 GeV Analysis ongoing

2007 p + p 3.5 GeV
d + p 1.25 AGeV

Analysis ongoing

Sep. 2008 p + A  3.5 GeV

2009 Ni + Ni

2010 π + N, A

2011 Au + Au

> 2011 Hades goes FAIR (8 AGeV)

Planned

“The most beautiful sea hasn't been crossed yet. 
And the most beautiful words I wanted to tell you I 
haven't said yet ...“

(Nazim Hikmet)
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NormalizationNormalization via via pppp elasticelastic scatteringscattering

pp @ 1.25 pp @ 1.25 GeVGeV

•• LLarge acceptance (16% at 1.25 GeV), sys error  in reconstruction ≤10%, 

• sys. error of σ(elastic) = 21% @ 1.25 GeV
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Tagging of quasi-free p+n reactions in d+p with FW

Forward Wall: 0.5Forward Wall: 0.500-- 7700

86% of p+n selected by pspec in FW 

Spectator momentum distribution
TOF in FW

coincidence 
with e+e-

pbem
n

ΔΔ

ηη

FW trigger :≥ 1hit

pp contribution<15%

<2% 

pspec

pc

dd ηη((ππ))

nn

Expected signal: spectator model:
η contribution from measured data:
Celsius/WASA Calen et al.:
Phys.Rev.C58(1998)2667, Phys.Rev.Lett
80(1998)2069,Phys.Rev.Lett.79(1997)2642
fermi momentum distribution – Paris  potential 
: COSY-TOF EPJ A 29, 353-361 (2006)
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SuppressionSuppression ofof pppp--elasticelastic withwith FW FW conditionsconditions and TAT spectraand TAT spectra

4 curves (from top to bottom): 
1. multFW == 0; 
2. multFW == 1; 
3. && 0 < TOF < 40; 
4. && 30 < TAT < 120. 
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pppp and and dpdp fromfrom DLSDLS
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• Problems in description

• Bremstrahlung?

• Δ contribution ?

• No π0 visible in data ! 
cross-check with "known" 
physics" missing 

• NΔ and Nπ0 are related!
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Comparison to DLS elementary reactions @ 1.04 Comparison to DLS elementary reactions @ 1.04 
GeVGeV

~4
0

o

Opening angle > 40o

Rapidity > 0.5

http://macdls.lbl.gov/DLS_WWW_Files/DLS.html
http://macdls.lbl.gov/DLS_WWW_Files/PP_PD_Paper/data/m_spectra.txt

DLS
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Comparison HADES with DLSComparison HADES with DLS

Opening angle > 40 deg, rapidity > 0.5
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BremsstrahlungBremsstrahlung fromfrom theorytheory 1994 1994 -- 20062006
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101Bremsstrahlung

 SPA, in HSD'97
 Schäfer et al.'94
 Shyam&Mosel'03
 Kaptari&Kämpfer'06
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