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Fixed-target experiment at GSI, Germany using
➢ Heavy-ion beams  𝒔𝑵𝑵 ~ 𝟐 − 𝟑 𝐆𝐞𝐕
➢ π

−
, 𝐩/𝐝beams

•  Large  geometrical acceptance                                      
•  Low-mass Mini-Drift Chambers and

magnet for  tracking
•  Field-free target region
•  Lepton identification with RICH, TOF,

RPC, ECAL

IV. Lepton Identification  

•  Ag+Ag at 𝒔𝑵𝑵 = 𝟐. 𝟒𝟐 𝑮𝒆𝑽, Imag = 𝟐𝟎𝟎 𝐀 (6% x Imax)
•  Proof of concept: 5h of  data tacking 
•  Lepton selection window of  3σ (larger statistics)
•  High reconstruction efficiency > 60%

V. Signal Reconstruction   
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•  Combinatorial background (CB) estimated via
same-event and mixed-events methods

•  Charge asymmetry correction factor applied 

•  Excellent Signal-to-CB ratio: for soft dileptons > 10
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•  Efficiency correction by embedding 𝒆± into experimental data 
•  Consistent results for single lepton and pair correction  
•  Two independent analysis: agreement of better than 95%

•  Isolation of excess radiation by subtracting known sources
•  Acceptance corrected spectra

•  Careful estimation of systematic              
uncertainties

•  Self-consistency checks 

•  Inclusion of dilepton  polarization for  the 
acceptance correction

•  Dedicated beam time in May 2025 
with low-magnetic field 

•  Towards extraction of electrical   
conductivity for QCD matter at high-density
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•  Nominal field vs. low field (6% x Imax)
•  Phase-space coverage down to low-mass and low-momentum
•  Substantially smaller acceptance correction factor for the Imag = 200 A

and without the momentum cut 

VII. Outlook

RPC

• Study the phase structure of
QCD at high baryon chemical
potential and low temperature 

•  Possible realization of 
color superconductity? [1]

• Extract transport properites of
matter: electrical conductivity

𝛔𝐞𝐥 𝐓 = −𝐞𝟐 𝐥𝐢𝐦
𝐪𝟎→𝟎

𝛒𝐄𝐌(𝐪𝟎, 𝐪=𝟎, 𝐓, 𝛍𝐁)

𝐪𝟎

•  Dilepton yield at 𝐩𝐞𝐞 = 𝟎𝐌𝐞𝐕/𝐜
𝐌𝐞𝐞→ 𝟎𝐌𝐞𝐕/𝐜𝟐 [2]

•  Centrality dependence of the efficiency 
corrected data, case Imag = 200 A
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II. Challenges and how HADES has the answers 

Clean messengers 
They leave the medium without further strong 
interaction.

Full collision history
They reflect the whole history of the collision, not
just freeze-out. 

Probe the temperature and evolution of                     
the medium

Encode information on matter properties
The low-energy electromagnetic response can
constrain electrical conductivity 

• Dileptons are penetrating but rare probes (BR ~ 10-5)
✓300 million Ag+Ag events at 𝒔𝑵𝑵 = 𝟐. 𝟒𝟐 𝐆𝐞𝐕 analyzed 
•  Quest: Low-momentum tracks acceptance
✓Dedicated run with a reduced magnetic field (6% x Imax )

•  Photon conversion in the low-mass region of dilepton spectrum
✓Opening angle cut:  to account for a clean sample

•  Physcis background
✓Accurate knowledge of hadronic cocktail (𝛑𝟎, 𝛈,𝛚)
✓Reference measured in pp/pn collisions (𝚫, NN Bremsstrahlung)

• Dileptons are virtual photons, γ∗ that decay into a lepton pair, emotted at every stage of teh 
collisions

30
• We can study the phase structure of QCD at high baryon chemical potential and low temperature 
• Extract transport properites of  matter: electrical conductivity

𝛔𝐞𝐥 𝐓 = −𝐞𝟐 𝐥𝐢𝐦
𝐪𝟎→𝟎

𝛒𝐄𝐌(𝐪𝟎, 𝐪=𝟎, 𝐓, 𝛍𝐁)

𝐪𝟎

•  Dilepton yield at 𝐩𝐞𝐞 = 𝟎𝐌𝐞𝐕/𝐜 , 𝐌𝐞𝐞→ 𝟎𝐌𝐞𝐕/𝐜𝟐 proportional to conductivity[2]

III. High Acceptance Di-Electron Spectrometer
•  Heavy-ion beams  𝒔𝑵𝑵 ~ 𝟐 − 𝟑 𝐆𝐞𝐕
•  Field-free target region
• High geometrical acceptance 
➢ Perfect for low momentum studies

• Study the phase structure of QCD 
• Explore the high baryon density regime 
• Extract transport properities: electrical conductivity

𝛔𝐞𝐥 𝐓 = −𝐞𝟐 𝐥𝐢𝐦
𝐪𝟎→𝟎

𝛒𝐄𝐌(𝐪𝟎, 𝐪=𝟎, 𝐓, 𝛍𝐁)

𝐪𝟎

• Probe the electrical conductivity through low-mass dileptons 
• The yield at 𝐩𝐞𝐞 = 𝟎𝐌𝐞𝐕/𝐜 , 𝐌𝐞𝐞→ 𝟎𝐌𝐞𝐕/𝐜𝟐

II. Why are dileptons special?

Why HADES?

High-rate capability
Dileptons are penetrating but rare 
probes (BR ~ 10-5)

Low material budget
To reduce conversion

Dedicated run with a reduced 
magnetic field (6% x Imax )
Excellent pion separation 

IV.  Results  Ag+Ag at 𝒔𝑵𝑵 = 𝟐. 𝟒𝟐 𝑮𝒆𝑽

•  Two independent analyses: agreement of better than 95%
•  Isolation of excess radiation by subtracting known sources
•  Acceptance corrected spectra

a.     Imag = 𝟐𝟓𝟎𝟎 𝐀 (78% x Imax) b.   Imag = 𝟐𝟎𝟎 𝐀 (6% x Imax)

•  Efficiency corrected spectra
• NN reference applied for Mee > 0.13 GeV/c2

•  Excess extracted for the first time for  small Mee

•  2D analysis on the way
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