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DLS puzzle
Inclusive spectra

before HADES (<2003)
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v HADES fully confirms DLS results

 What about ,excess” ? Isit true in-medium effect ?

* or not understood elementary process?

Main contributing sources:
o ¥ Dalitz:

n’—vye e

« 0 Dalitz:

n—ye €

o A Dalitz:

A—Ne" e

« Bremsstrahlung?

NN—NNe" e’

« Vector meson decay —¢' ¢



N+N and pi-N collisions in HADES

p+p colisions @ quasi-free n+p collisions @
* T,=1,25GeV ¢ T.=1,25GeV

+ T,=2,2 GeV

* T,=3,5 GeV

di-electron production one-pion production two-pion production
» Inclusive e+e- from pp and np *nNp = nNp7 * NP = Np T+7-
. Phys. Lett B 750, 12 (2015)

Phys.Rev. C85 (2012) 054005 pPp = pp7
Eur.Phys.J. A48 (2012) 64 Eur.Phys.J. A50 (2014) 82 * pp 2 pp T+T-
Phys. Lett. B690 (2010) 118. Eur.Phys.J. A48 (2012) 74

on-going
* np —npete-

* np—>dmn+m-

° pp —ppere- * TP >N T+T-
Eur.Phys.J. A50 (2014) 82 Data taken in summer 2014
* np —de+e- H. Kuc Thesis

* Up—nete-



The pp spectra are well described by
resonance model (N_A=3/2 N_n°)
based on known cross sections. NOT
described by OBE with increased
bremsstrahlung contribution (see next
slide)

pn data are underestimated by the
resonance model and also not
described by OBE.

general difference between pp and np
reactions is the different
Bremsstrahlung contribution and eta
contribution. (OBE + n)

none of the contributions could explain
the enhancement in the di-lepton yield
in np.

pp > Xe+e-
dp > Xet+e-pg,e
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N-N Bremsstrahlung

Strong + electromagnetic process (OBE models)
,Y*
T, O, P, W 'www/ e+ _ (simplified picture!)
NN ("quasielastic”
(" ) baryon resonances (A)
1 ptn, 1.04 GeV | Bremsstrahlung F p+p, 1.04 GeV } *E.L Bratkovskaya & W. Cassing:
(] w0 | ] arXiv: 0712.0635v1
= I ;E'h"g: ¢tal 3 . premsstrahlung OBE
- i 1 = . = K aptari et al. ) _
CER Ut I (o | calculations:
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Possible explanation of e+e- excess in np (1)

10 p*p " — pﬂdecay
1.25 GeV « - - 7" Dalitz decay
— - Total QM (NEFF)

Possible explanation:
e*te” excess in np

Introducing charged pion FF ?
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Possible explanation of e+e- excess in np (11)
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* Three particle trigger selected (in case of np)
* Tagged proton in Forward Wall detector (spectator)
« 3 particles (proton ,e*e’) identified in HADES

» selection via missing mass window
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Unlike-sign combinatorial background estimation

The unlike-sign combinatorial background can be
estimated by the reconstructed like-sign

distribution.
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Very good agreement in all mass range !
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Comparison to models

Resonance model + rho contribution from
Clement & Bashkanov:

Obtained form authors in a event by event form.
Total exclusive cross section is 210 pb:
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angular distributions of proton in the center of mass
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angular distributions of virtual photon (y*) in the center of mass
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Pseudo- Helicity is defined as the angle between the lepton
and the virtual photon in the virtual photon rest frame
(leptons are boosted directly to y * rest frame )

Two regions of interest selected

Data extrapolated to 4m e
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E. Batkovskaya et.al, PLB348 (1995) 283



Pseudo-Helicity
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Helicity
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Conclusion

e excess of e+ e- pairs in np over pp is a genuine feature of the exclusive channel
* Helicity distributions show a interesting pattern:
a)In mass region dominated with A, anisotropy is in agreement with expectation

b)In higher mass region (p - dominated) the distribution is isotropic— similarity
with Heavy lon

* Model of Bashkanov overestimates the data by a factor of 2.

* Virtual photon distributions are isotropic

* Proton distributions obtained form the data are mostly described by the model
» charged pion FF in bremsstrahlung alone does not describe the ratio of np/pp
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The HADES spectrometer

MDCs

* Detector geometry N P

full azimuthal range covered, 6 sectors
polar angle: 16°<6<84°

* Tracking
Superconducting coils, toroidal field
24 Min1 Drift Chambers

* Particle identification (e, p, K, p)
RICH, MDC, TOF, TOFINO, Shower (RPC)

* Resolutions

AMo/Mo ~ 2.1% at o peak

Ap/p ~ 2-3% for proton and
| e o" ofo“'o ‘OJQ

- ot e A 4 o ol n & <

* Forward Wall: SR Ll e e

Plastic scintillators covering 6 angles up to 7°

Detector dedicated to tag proton spectator

® @ ° - * »

* Cells in FW:

140 small 4x4cm — (0°< 0 <29)

64 middle 8x8cm — (2950 «<3.39)
84 large 16x16cm — (3.3°9<0<].29)

nesLtieits

®

Designed for di-electron spectroscopy,
also suited for the charged hadron detection




Exclusive invariant mass distributions for various p_spec angles
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Normalization of HADES data in n-p collisions
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Selection of pp elastic events measured simultaneously
by HADES based on angular correlation

v" acceptance and efficiency corrections
in the angular range 46° <O,,<134°

v normalization to the known cross
section from the EDDA experiment
In the same angular range

g 7 EDDA (1259.6 MeV)
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Selected channels for simulation : resonance model

Experiment
Raw detector data

‘ (PLUTQ)

Delector simulatic
(GEANT)

"
Calibrated detector data

and track candidates
(DST)

l

Event hypothesis, PID cuts,
kinematical variables

(PAT)

Event generator

)

Precise event selection,
signal and background determinatic
(FAT)

Histograms drawing and data
presentation
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