Virtual photons from hot and dense matter at HADES
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. Motlvatlon -

. Study the phase structure of QCD
 Explore the high baryon density regime

 Extract transport properities: electrical conductivity

PEM (90, q=0, T, ug)
q0—>0 do

* Probe the electrical conductivity through low-mass dileptons

* Theyield at pee = 0MeV/c, M.~ O MeV/c

ll. Why are dileptons special?

@ Clean messengers

They leave the medium without further strong
interaction.

@ Full collision history

000000000000000

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

%j’; Probe the temperature and evolution of
the medium

HMBT, Atchison & Rapp
Boltzmann eq., Greif et al.

® Srmemes Encode information on matter properties

SYM,Huotetal. | | Eectrical conductivity

o s The low-energy electromagnetic response can
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constrain electrical conductivity

lll. High Acceptance Di-Electron Spectrometer Why HADES?

* Heavy-ionbeams /syy ~2 — 3 GeV
* Field-free target region

* High geometrical acceptance

» Perfect for low momentum studies
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@ High-rate capability
Dileptons are penetrating but rare

probes (BR ~ 10)
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* Two independent analyses: agreement of better than 95% e Efficiency corrected spectra
e Isolation of excess radiation by subtracting known sources ¢ NN reference applied for M_, > 0.13 GeV/c?

e Acceptance corrected spectra

e Excess extracted for the first time for small M_,
e 2D analysis on the way

TECHNISCHE
UNIVERSITAT HGS'HIRe

DARMSTADT Helmholtz Graduate School for Hadron and lon R

esearch

References: [1] Nishimura et al., EPJA 60, 82 (2024)

E 5 ][ [2] Atchison et al., PLB 858 (2024) 139024

[3] Atchison and Rapp, NPA 1037 (2023) 122704



	Slide 1


    𝒔  𝑵 𝑵  


  ~   𝟐   − 𝟑   𝐆 𝐞 𝐕


  π − ,   𝐩 / 𝐝


    𝒔  𝑵 𝑵   = 𝟐 . 𝟒 𝟐   𝑮 𝒆 𝑽 ,  


  𝟐 𝟎 𝟎   𝐀


    𝐝 𝐍 𝐒 𝐢 𝐠 𝐧 𝐚 𝐥  𝐝 𝐌 =     𝐝 𝐍  +   −    𝐝 𝐌 − 𝟐 𝐤      𝐝 𝐍  + +  𝐝 𝐌 ∙     𝐝 𝐍  − −  𝐝 𝐌


   𝒆 ±


   𝛔  𝐞 𝐥  ( 𝐓 ) = −  𝐞 𝟐     𝐥 𝐢 𝐦   𝐪 𝟎 → 𝟎 ⁡     𝛒  𝐄 𝐌 (  𝐪 𝟎 ,        𝐪 → = 𝟎 ,       𝐓 ,       𝛍 𝐁 )   𝐪 𝟎


   𝐩  𝐞 𝐞 = 𝟎   𝐌 𝐞 𝐕 / 𝐜


            𝐌  𝐞 𝐞 →   𝟎   𝐌 𝐞 𝐕 /  𝐜 𝟐


    𝒔  𝑵 𝑵   = 𝟐 . 𝟒 𝟐   𝐆 𝐞 𝐕


   𝛑 𝟎 ,   𝛈 ,   𝛚


  𝚫


   γ ∗


            𝛔  𝐞 𝐥  ( 𝐓 ) = −  𝐞 𝟐     𝐥 𝐢 𝐦   𝐪 𝟎 → 𝟎 ⁡     𝛒  𝐄 𝐌 (  𝐪 𝟎 ,        𝐪 → = 𝟎 ,       𝐓 ,       𝛍 𝐁 )   𝐪 𝟎


   𝐩  𝐞 𝐞 = 𝟎   𝐌 𝐞 𝐕 / 𝐜


  ,     𝐌  𝐞 𝐞 →   𝟎   𝐌 𝐞 𝐕 /  𝐜 𝟐


    𝒔  𝑵 𝑵  


  ~   𝟐   − 𝟑   𝐆 𝐞 𝐕


            𝛔  𝐞 𝐥  ( 𝐓 ) = −  𝐞 𝟐     𝐥 𝐢 𝐦   𝐪 𝟎 → 𝟎 ⁡     𝛒  𝐄 𝐌 (  𝐪 𝟎 ,        𝐪 → = 𝟎 ,       𝐓 ,       𝛍 𝐁 )   𝐪 𝟎


   𝐩  𝐞 𝐞 = 𝟎   𝐌 𝐞 𝐕 / 𝐜


  ,     𝐌  𝐞 𝐞 →   𝟎   𝐌 𝐞 𝐕 /  𝐜  𝟐  


    𝒔  𝑵 𝑵   = 𝟐 . 𝟒 𝟐   𝑮 𝒆 𝑽


  𝟐 𝟓 𝟎 𝟎   𝐀


  𝟐 𝟎 𝟎   𝐀

