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. H Electromagnetic probes (y, y*) penetrate strongly-interactin EL -
Motivation magnetic probes (r,¥°) p > strongly . EL ) EM
medium and can bring direct information to the detector ® EN

Allows many unique measurements Yet brings own set of challenges

Transport properties Need to isolate

Degrees of freedom Restoration of chiral symmetry contribution of interest

ofithe medium o , Rarity of events (BR ~ 107°)
Lifetime/Temperature/Acceleration/

Polarization of the fireball
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The High-Acceptance-
Di-Electron-Spectrometer




The HADES - Probing the QCD phase diagram —

= Heavy ion collisions at \/syy = 2 - 3 GeV
# Different collision dynamics compared

to higher energies

= Pion and nucleon beams
# Reference measurements

# Inclusive and exclusive

measurements

(
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Explore region of QCD phase diagram
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with high net-baryon density and

moderate temperatures )

Temperature (MeV)
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The HADES Collaboration, Nat. Phys. 15, 1040-1045 (2019)
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https://www.nature.com/articles/s41567-019-0583-8

The HADES - Performance e* identification

Forward Wall

ZZ

| 1 meter |
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The HADES - Performance e* identification

o o]

{Reconstruction of eT with high efficiency and high purity]

Forward Wall

ZZ

Reconstruction efficiency ~ 60%

Purity above 90%

Pion suppresmn of 10 >
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The HADES - Performance e* identification

{Reconstruction of eT with high efficiency and high purity]
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. Measured mass spectrum »
Invariant mass spectrum serves as integral over whole EM

evolution @
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. Measured mass spectrum »
Invariant mass spectrum serves as integral over whole EM

evolution Q EN

Initial NN contribution Freeze-out cocktail
= Reference measured for /syy = 2.42 GeV = Simulated using Pluto event generator
= For./syny = 2.55 GeV currently estimated using = Multiplicities to be measured from same
GIBUU 2021 release dataset
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Measured mass spe

Invariant mass spectrum serves as integral over whole

ctrum m b

evolution Q EN
Initial NN contribution Freeze-out cocktail
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Temperature determination /

= Subtraction of freeze-out and initial
contributions reveals excess of thermal nature

» Higher temperature for higher collision energy

Ag+Ag |S,=2.55 GeV 0-40%
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https://www.nature.com/articles/s41567-019-0583-8
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Differential analysis of dielectron spectra
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» Reconstruction of p; and y spectra for
varying mass bins

S— 10—7 : = O u 08<p, . (GeVic)' (x 10°)

e
i
; ; E
—_— ; i ]
H—fH H L ; A
: »-'?|ﬂ4 i ¢ s { F)
: E] H & R N
—f i ! ; §
L I . .
i - :
o n g
l.II_I.tI.I.Iﬂ R RTIT AT e

’ : - Analysis in bins of tranverse momentum p,
107F e g s |
s - LI =  w-peak clearly visible at high p;
18_1% | 1 1 JT T 13 » Disapperance of w-peak at small p;
200 400 600 800 =  Model comparison ongoing
M., (MeV/c?)

ce on Hard and Eledromagnet'c Probes | Niklas Schild | 15 * https://indico.cern.ch/event/895086/contributions/4721205/
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Investigating collectivitiy

Collectivity Observables

mm) Radial (isotropic) flow

‘ Polarization

mm) Anisotropic flow
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Investigating collectivitiy

: EN | TS
Flow analysis procedure ‘

= Event Plane Wgp reconstructed from total

Collectivity Observables

mm) Radial (isotropic) flow tranverse momentum in forward wall detector [1] ...
: bs
: : : : Un
mmm) Polarization = Event plane resolution R, via Ollitrault method [2] v, = R
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https://arxiv.org/abs/2208.02740

Directed Flow v,
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Rapidity dependence

= Focus on mass region beyond 7° mass @) Otherwise 1, signal dominant
= Point symmetry around v, at midrapidity within uncertainties

~ 0.1 - 0.1
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Transverse momentum dependence

m) Larger v, found at higher p,
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Elliptic Flow v,
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Elliptic flow =
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https://arxiv.org/abs/2208.02740

Multidifferential elliptic flow

EL ’-\

# v, consistently around zero for 120 < M,, (GeV/c?) < 900

# Would agree with picture of dileptons as penetrating probes
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Prospects

Isolate in-medium dilepton contribution

= Ongoing analyses to find v, and multiplicities of
freeze-out hadrons

# Analysis of p+p collisions at \/syy = 2.55 GeV (taken
Feb2022) will provide NN reference

Determine radial flow

=

Reconstruction of dilepton p; spectra as a function
of invariant mass

Determine polarization of virtual photons

First strides are taken in data analysis and
preparation of theory predictions
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Estimation of virtual photon polarization
from spectral functions (N. Schwarz)



EL —\
gy,

summary

L L L I L L L B B

Ag+Ag s y=2.55 GeV 0-40% _|

=)
L

Ag+Ag |/s\=2.55 GeV 0-40%
HADES work in progress
0.1<p, (GeVic) < 1.2

Olge > 9°

—h
<
w

Dilepton spectra are
reconstructed for center-
of-mass energies of 2.42

GeV and 2.55 GeV

HADES work in progress

Cocktail + sim. NN sub.

—
<
A

[e] data
—— cocktail sum PLUTO
________ add. NN from GiBUU

1 ]IIIIH‘

-
o
&
—
S
o

dN/dM g o M2Z exp(-Moo/kT)

1/N_, dN*/dM,, (GeV/c?)"

1/N,, dN"/dM,, (GeV/c?)
=

‘ | II\HH‘ | \HHH‘ | \HHHl | \HHH‘ | \HHH‘ | \HHH‘ 1 11

107}, » Study of numerous fireball N 14
(oo o characteristics (e.g. 107E aa779t13 18 430 498 wov i
El i - ]
- e - temperature) - :
10g£i|.‘il||~'m*.‘\uﬁ"(}‘.tL p _a-.lu‘.\u..\u.w‘.H\.H‘IHHIH‘.\—
0 02 04 06 08 1 12 10702 03 04 05 06 07 08 09
M., (GeV/c?) M, (GeV/c?)
o~ 0.5
> B ]
of  Wosswnooges | S T o E s S T
T Co[lect|v|ty iS under 0.15? 120<Mee{MeV/Fc]:2)g<900 MeV | 0.15; 1¢u<|'v'|ee(iv1eV/F<):2)g<900 MeV —
0.05 | ; . R 0.1 i A
I %$ .............. | nvestigation |
[ I ] . . . I r; o)/ EEXEE ETEE YT CPT YT T ..i E
o.osﬁaﬁ Reconstruction of elliptic : SB ; L z
i ] ) -0.05; n —0.05¢
ot : flow for thermal dileptons ¢ ERN:
i | shows difference in v, from _ ER:
01555102705 0.4 05 06 0.7 08 0.9 hadron measurements Y LI B ST VATV IO T
M (GeV/cQ) 0 200 400 600 800 1000 -08-06-04-02 0 02 04 06 08
ee p, (MeV/c) Y-Yem

ce on Hard and Electromagnetic Probes | Niklas Schild | 27



	Folie 1: Characterising the hot and dense fireball via virtual photons in HADES 
	Folie 2: Motivation
	Folie 3: Motivation
	Folie 4: Motivation
	Folie 5: The High-Acceptance-       Di-Electron-Spectrometer
	Folie 6: The HADES – Probing the QCD phase diagram
	Folie 7: The HADES – Performance fett kursiv e hoch plus minus  identification
	Folie 8: The HADES – Performance fett kursiv e hoch plus minus  identification
	Folie 9: The HADES – Performance fett kursiv e hoch plus minus  identification
	Folie 10: Reconstruction of the invariant mass spectrum
	Folie 11: Invariant mass spectrum
	Folie 12: Invariant mass spectrum
	Folie 13: Invariant mass spectrum
	Folie 14: Temperature determination
	Folie 15: Differential analysis of dielectron spectra
	Folie 16: Flow analysis
	Folie 17: Investigating collectivitiy
	Folie 18: Investigating collectivitiy
	Folie 19: Investigating collectivitiy
	Folie 20: Directed Flow v tiefgestellt 1 
	Folie 21: Rapidity dependence
	Folie 22: Transverse momentum dependence
	Folie 23: Elliptic Flow v tiefgestellt 2 
	Folie 24: Elliptic flow
	Folie 25: Multidifferential elliptic flow
	Folie 26: Prospects
	Folie 27

