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MOTIVATION AND GOALS HADES

= Multidifferential spectra produced by N. Schild for ;:  AgrAg ysy,=2.55 GeV (0-40%) IS""V‘;;\;H
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MULTIDIFFERENTIAL DIELECTRON ANALYSIS @ 1.23 GEV / PHILIPP ZITZMANN /7%% TECHNISCHE
VIAAN UNIVERSITAT
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MOTIVATION AND GOALS HADES

\Il\\\\\\\\l\l\l‘\\\\\\\\l\\\\\\\ll
i Ag+Ag \s,=2.55 GeV 0-10%
HADES work in progress
70 + n + sim. NN sub

» Use multidifferential Ag+Ag @
JSNN=2.42 GeV dielectron spectra to

compare to merged model calculations
established by J. Vogel in her master's
thesis
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MULTIDIFFERENTIAL DIELECTRON ANALYSIS @ 1.23 GEV / PHILIPP ZITZMANN

PARTICLE IDENTIFICATION

= Difficulties of using dilelectrons as probes:
» Rare
= Charged hadrons contaminate the data
= Conversion pairs

= A multitude of cuts is applied to the data for
particle identification and filtering

22.06.2026 TU Darmstadt | Institute | Philipp Zitzmann
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Event selection

Lepton track candidate

100 MeV/c < momentum < 1200 MeV/c

Velocity cut
RichQa cut & Ring radius cut

Conversion cut

Opening angle ring cut

cut
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MULTIDIFFERENTIAL DIELECTRON ANALYSIS @ 1.23 GEV / PHILIPP ZITZMANN %ﬁ@%\
PARTICLE IDENTIFICATION HADES

T T | T
2.42 GeV 0-40%
Drmance 1 -1 5

10°

10*

=10°

Positron"Number in Event

s = B £

207661

HADES Performance
0.85 Ag+Ag s, =2.42 GeV 0-40%
LeptonFlag, RPC

10

0 T2 4 ' 2500 0 500 1000
“Electron‘Number in Event p x sign(q) (MeV/c)
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MULTIDIFFERENTIAL DIELECTRON ANALYSIS @ 1.23 GEV / PHILIPP ZITZMANN

PARTICLE IDENTIFICATION

= Cut used:

= kisLepton Flag

= All lepton track candidates
B>0.9
Track fit quality g < 1000
META hit
RICH ring associated with track

22.06.2026
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MULTIDIFFERENTIAL DIELECTRON ANALYSIS @ 1.23 GEV / PHILIPP ZITZMANN //jf(@&%\
PARTICLE IDENTIFICATION HADES

=1 E
= Cuts used: 115 p e
= Acceptance: 1.1 E R 4
= 100 MeVi/c < p < 1200 MeV/c 1050 I
- 160 < 9 < 830 1: ! é 10 0303
| - “4 03
B Flag W, W
= Momentum dependent B Cut i B 7
= B window evolves with e270:0017-p 2 HADES Performance E I ’
= At low momenta this still includes 0.85F AgrAg (S, meARCEY 040% S P
98% of all candidates oab e 1.t .0
= At highest momenta it includes 68% ' =500 0 500 1000
of all candidates p x sign(q) (MeVi/c)

1 A AU AY r
1 A AU AY r

ot A I hY
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MULTIDIFFERENTIAL DIELECTRON ANALYSIS @ 1.23 GEV / PHILIPP ZITZMANN /ﬁé&%\
PARTICLE IDENTIFICATION HADES

c
dm-1'2:"" 1 10°
= Cut used: 1150 3 O s
= richQA Flag 11 El R
= Tighter constraints on RICH - _-Pﬂ h.%_ e ~
ring matching B3 —r e,
» Momentum dependent cut on ‘ F BE 0°
A6 and A¢ : . 0.951 e e e -
= Also cut on ring radius: B "ﬁ il -
20.47mm < R < 26.06mm 0.9" ! ]
- HADES Performance .
0.851 Ag+Ag \sy=2.42 GeV 0-40% ;
i richQAFlag, RPC .
C S S I S SN N N S N S A H N M
08==""50 0 500 1000
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MULTIDIFFERENTIAL DIELECTRON ANALYSIS @ 1.23 GEV / PHILIPP ZITZMANN

CONVERSION REJECTION

= Cuts used:

= Conversion rejection

= Candidates with unusually
many or unusually placed
RICH hits are excluded

» The could correspond to
double ring = conversion in
RICH
= 0ARing Flag

» Take angle between ring
center of given candidate and
another in same event

= |f angle < 9°: reject candidate

22.06.2026
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5 HADES Performance :
0.85F Ag+Ag \s\=2.42 GeV 0-40% ]
; conversionFlag, RPC ;
0.8 L
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MULTIDIFFERENTIAL DIELECTRON ANALYSIS @ 1.23 GEV / PHILIPP ZITZMANN //fé@&%\
CONVERSION REJECTION HADES

c
c
o
= Cuts used: e 12— — — 1o
= Conversion rejection 1.15F ;
= Candidates with unusually 1 1= i 10*
many or unusually placed - :
RICH hits are excluded 1.05¢ E
» The could correspond to 1=
double ring = conversion in [ .
" 0ARiIng Flag 0'95_ HADES Performance E
= Take angle between ring 0.85[ Ag+Ag s\ =242 GeV 0-40% ]
center of given candidate and - SARTHFD. RF’? | ]

0.8———

another in same event 5000 500 1000
= |f angle < 9°: reject candidate p x sign(q) (MeV/c)
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MULTIDIFFERENTIAL DIELECTRON ANALYSIS @ 1.23 GEV / PHILIPP ZITZMANN

PARTICLE IDENTIFICATION

Beta vs Momentum after klsLepton Cut (Total centrality, RPC)
T T T T T T T T | T T T T ‘ T T

107 |
HADES Performance

ol Ag+Ag sy =2.42 GeV 0-40%
10°E 4 Cuts, RPC

Count

10
10°
102 = klsLepton Flag
= B Flag
10 = Rich Quality Flag

= 0A Ring Flag

=500 0 500 1000
p x sign(qg) (MeV/c)
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Beta vs Momentum after klsLepton Cut (Total centrality, TOF)
'E 1 07 B T T T T | T T T T | T T T T ‘ T T
8 E  HADES Performance

B = -40°
O 4oL Ag+Ag |5, =2.42 GeV 0-40%
All Cuts, TOF

—_

(&
o
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= klsLepton Flag
= B Flag

= Rich Quality Flag
= 0A Ring Flag

=500 0 500 1000
p x sign(qg) (MeV/c)
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MULTIDIFFERENTIAL DI-ELECTRON ANALYSIS @ 1.23 GEV / PHILIPP ZITZMANN / \ TECHNISCHE
@% UNIVERSITAT
PARTICLE IDENTIFICATION DARES PARIEIARE
+— ——— — ‘ 1.2 —— —— — —
< AG+AQ S =2.42 GeV 0-40% ) «a et R
S HADES Performance 1l B 1.15F ]
LL L i R i
- 107 - .
— 4 N 1.1+ .
8 I 108 B ’
1.05F o
E | R : :
= |
c |= 10t
= - 0.95[- i 10°
g i B 1
: 0.9 s
0 10° - HADES Performance ™ 10
l m 0.851 Ag+Ag |s,=2.42 GeV 0-40%
I E oARingFlag, RPC E
‘ 1 ; B 1 1 1 ‘ | 1 1 1 ‘ | 1 1 | ‘ | 1 1 | ] 1
4 08500 0 500 1000
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—> Significant reduction in hadron contamination
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MULTIDIFFERENTIAL DIELECTRON ANALYSIS @ 1.23 GEV / PHILIPP ZITZMANN !%j%\\
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<73 TECHNISCHE
Y
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EFFICIENCY CORRECTIONS HADES
& = 8 |
= Single lepton efficiency is estimated < 80 IO
using embedded data approach using 200 ™08
,white“ leptons (evenly distributed in : -, -
(p, 6, 9)) o .
= Pair efficiency is estimated by: 501 ¢ s
€ee = €e " Ee 400 E B
- 1 0.4
= Efficiency correction is applied while 300 3
filling Mge, Pree @nd yee histograms i | R
weighting with 1/¢&., 20r 0.2
10i Ag+Ag \s\=2.42 GeV 0-40% ]
E HADES Work In Progress IO
0 - quitr?n Efficie‘incy‘ oL 7] 0
0 500 1000
psmeared (MeV/C)
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DIFFERENTIAL DI-ELECTRON ANALYSIS @ 1.23 GEV / PHILIPP ZITZMANN TECHNISCHE
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MOMENTUM SMEARING HADES
6\ 20007 T T T T | T I'_ 'I: _\. -th,_r ] 'y :‘u. r 104
“S - Electrons ' _:}
o 1800:1)o <9< 35°

= Kine particle momenta are ,smeared” using

one of four matrices depending on 8-angle ~ 1600 -
= 0°-35° 1400
" 357557 1200
: ?2;8 1000 107

» In the following analysis, efficiency matrices

with smeared momenta where used 10

Reconstructed Momentum (M
(00]
o
()

500 1000 1500 2000
Ideal Momentum (MeV/c)

OO
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MULTIDIFFERENTIAL DI-ELECTRON ANALYSIS @ 1.23 GEV / PHILIPP ZITZMANN

CB ESTIMATION

» Recap on dielectron signal extraction:

. nvSignal _ A+ CB
N8N = Nop - N

NG = Zk\/NSE
« NCB =

NME = Zk\/NME NviE

(50.24
0.22
o 0.2
110.18
30.16
20.14
<0.12
O] 0.1
m
Ho.os
$0.06
D0.
L10.04
(<h]
£0.02
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MULTIDIFFERENTIAL DI-ELECTRON ANALYSIS @ 1.23 GEV / PHILIPP ZITZMANN

CB ESTIMATION
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UNIVERSITAT
DARMSTADT

8 0.241 " Ag+Ag s, =2.42 GeV 0-40%
= Recap on dielectron signal extraction: +0.22 HADES Work In Progress
o 0.2 O, > 9°, 100 MeV/c <p_ <1200 MeV/c

11018
= Use Interval | to extract a mixed event 80.16

scaling factor 20.14
~0.12

CB O 0.1
N m
2 2008
» Scaling = ©0.06

CB >
NME LL10.04

I )
c0.02
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MULTIDIFFERENTIAL DI-ELECTRON ANALYSIS @ 1.23 GEV / PHILIPP ZITZMANN

CB ESTIMATION

75, TECHNISCHE
UNIVERSITAT
DARMSTADT

%1
Q0.245 " AgeAg s, =2.42 GeV 0-40% E
= Recap on dielectron signal extraction: E0-22§ HADES Work In Progress e
- 0., > 9° 100 MeV/c <p__ <1200 MeV/c =

<1>) 0.2+ 2

LW0.18= =
= Apply SE-BG in #°dominated, correlated 80-16; SE ME =
background region up to 0.18 GeV/c? X0.14- + | 4
(highlighted in purple) =012 L. { E
. Apr_)ly ME-B_G uncorrelated background 8 0.1 %Hnu*ﬁﬁﬁ ’ =
region starting at 0.18 GeV/c? +—0.08 * 3
(highlighted in green) §0.06;— E
1110.04 :
- . £0.02- -

= Apply same factor for multidifferential =

pr- and y-spectra CB estimation n 02 04 06 038 1



MULTIDIFFERENTIAL DIELECTRON ANALYSIS @ 1.23 GEV / PHILIPP ZITZMANN

DIELECTRON SIGNAL EXTRACTION

22.06.2026
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MULTIDIFFERENTIAL DIELECTRON ANALYSIS @ 1.23 GEV / PHILIPP ZITZMANN /7%% TECHNISCHE
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COMPARISON TO SIMULATION HADES

Ag+Ag St -2 42 GeV 0- 4(5%
HADES Work In Progress
e > 9°, 100 MeV/c <p_, <1200 MeV/c

= NN reference data provides first-chance NN
collision contributions, including =°
—=— Signal
NN Reference
— Cocktail Sum

= Pluto simulations provide freeze-out
contributions:

"W 10°°F
" Wpalitz : .
_7

» Coarse-grained UrQMD simulations provide
medium contributions:

* |In medium p
= |n medium w

S

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

<
- - m

<

10—105. RERRY AR \ 1 8 [ 5§ 3
0O 02 04 06 08 1 1.2

M., (GeV/c?)
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MULTIDIFFERENTIAL DIELECTRON ANALYSIS @ 1.23 GEV / PHILIPP ZITZMANN %@%&\
COMPARISON TO SIMULATION HADES

1|_ T T T T T A 1 1 | T 1T T T | T 1 1 T 1 T ] "T - I I | I I 1 | | 1 I | 1 I | ‘ I | 1 | | | I | 1 I | B
o~ g+AQ 5y=2.42 GeV 0-40% | & s _ PO
o 10 HADES Work In Progress 0107 3’“" QQABPI\EQS S”Nk?'42 S
% 4 (oo > 9°, 100 MeVic <p__ <1200 MeV/ic - % EL % owor n prc(;gr\(j/ss ]
5 10 | —§ 3 107 - \;\!.- Ugg > 9% p_>0.1GeVle 3
~ i — S|gna| 7 ~— f \x\\l.. ” 3
@ —5 | _ © [ e .,;_". —=— Data =
E<:u 10 2 , NN Reference e Ecu 105E g — —— NN Reforencs .
S Gé‘ —— Cocktail Sum Z = e T \"‘\\'-_ ———— Cocktail Sum ]
~ —O| — B = N 7
= V.. ® | B10°r s NE :
OZ , %. T, ] ZO - ;' \ ® * é
-CZ 10 - E T 1 0—7 | ! \\ ¥ * -
B S . & \ A 3
< 10°F ey - Z A T :
o E -8 g N\ [\ .
= _— : = 10 W/ ]
—9 ) LV A |
5 } \
10 ; 10} — E
1010 L il EREN z .
0 0 2 04 0 6 08 1 1 2 10—100 L \0|2| L |0|4\ ! |0|6\ ! \0181 LY 1| L |1 |2| L
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MULTIDIFFERENTIAL DIELECTRON ANALYSIS @ 1.23 GEV / PHILIPP ZITZMANN

TRANSVERSE MOMENTUM

= Multidifferential M,..-spectra for varying
Pr

= Each scaled by an additional factor of
10~1 to keep visually distinct

TECHNISCHE

UNIVERSITAT

M DARMSTADT
1|_ 1 \|||||\|\ TTTT \lll‘l\l\ TTTT ||\|‘\|\|‘|||I\/I/I TT 1]
& | Ag+Ag s, =2-42 GeV 0-40% .
R 1072 ' HADES Work In Progress 1000 - 200.0
= i 200.0 - 300.0
o i *300.0 - 400.0 |
= 107 = 400.0 - 500.0
S . & 'H *500.0 - 800.0 T
= 10 [ ™, " » +800.0 - 1200.0]
-O [ & v | Ti - * n
Eﬁ- 10_8: "'v"v : ‘ T —
o B Yvry ; -
Q | vvvvv . . B
Z ,10_ iy vy Lo g _
-O 10 —7’ Yy [ £ i T T v Y | ¥
z 12j’ "“Hf+f‘f‘ | Rl
10 '“f o ' ‘ * ! -
h L] i | ‘ : | i
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MULTIDIFFERENTIAL DIELECTRON ANALYSIS @ 1.23 GEV / PHILIPP ZITZMANN

TRANSVERSE MOMENTUM

= Multidifferential M,..-spectra for varying
Pr

= 79-, w-, and n-contributions subtracted

» Each scaled by an additional factor of
10~ to keep visually distinct

TECHNISCHE

/@k\\ UNIVERSITAT

|'|AI>|:!') DARMSTADT
"I_ 1 TTTT TTTT TTTT TTTT TTTT TTTT TTTT TTTT TTTT TTTT]
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2 402 HADES Work In Progress ~ *100.0-200.0 1
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0] 4l v300.0 - 400.0 ]
= 10 D 400.0 - 500.0 -
o _6-_ 1'4-+ paan’ Y *500.0 - 800.0 |
S 107t *" . .800.0 - 1200.0]
@) — ‘ ﬁ* Ty —
SRRT/a S SRR S & -
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MULTIDIFFERENTIAL DIELECTRON ANALYSIS @ 1.23 GEV / PHILIPP ZITZMANN

RAPIDITY

= Multidifferential M,..-spectra for varying

y

= Each scaled by an additional factor of

10~1 to keep visually distinct

22.06.2026
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MULTIDIFFERENTIAL DIELECTRON ANALYSIS @ 1.23 GEV / PHILIPP ZITZMANN

RAPIDITY

= Multidifferential M,..-spectra for varying

y

= 79-, w-, and n-contributions subtracted

» Each scaled by an additional factor of
572 to keep visually distinct

22.06.2026
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MULTIDIFFERENTIAL DIELECTRON ANALYSIS @ 1.23 GEV / PHILIPP ZITZMANN

MULTIDIFFERENTIAL SPECTRA
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SUMMARY
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SUMMARY
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SUMMARY
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ADDITIONAL: PERFORMANCE
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POSITRON ACCEPTENCE
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USING DILEPTONS TO PROBE HOT HADES
AND DENSE MATTER

Dileptons do not interact via the strong force
Dileptons are produced at every stage of heavy
ion collisions:
o  First chance NN collisions:
A Dalitz decay and Bremsstrahlung
o Hot and dense fireball:
p,$ and w Vector mesons are produced
o Freeze out:
7 and n dominate
e p-meson decays inside the fireball because of =
decay width of 1.3 fm/c being smaller than that of initial NN~~~ —
the fireball of about 15 fm/c A thermal radiation
e Dileptons can be used to:
o Acquire lifetime or volume of the fireball
o  Study collectivity (flow)
o  Study in medium modifications and connect
to chiral symmetry restoration

freeze-out (m%, n, ... )
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USING DILEPTONS TO PROBE HOT HADES
AND DENSE MATTER

= Dileptons are emitted during every stage of
the collision

= After creation they no longer interact with ,
the medium L

» Good probes for studying:

» Fireball temperature, expansion, volume,
etc.

= Characteristics of the hot and dense medium

time ~ 10723 s

initial NN
collisions

‘ ' s freeze-out (119, n, ...
thermal radiation (070 =)
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OUTLOOK

p 1 \\I‘II\IlIII\I\\\‘\\\\‘\\\\\\\\‘\\\\‘\\\\
: L pily Ag+Ag |s,=2.55 GeV (0-40%)  y-y
= Play around with binnings B 102 HADES\/;%Ek oy 0 Won
for multidifferential > N, 7, ® subtracted ~0.30--0.10
. ) 1074 -- CG in-medium calc. v—0.10-+0.10
analysis procedure o) + 40.10 - +0.30
S0 R
. = B, « +0.50 - +0.
= Evaluate systematic E‘D o A, +0.82 - +1.68
< 10_10 '-m...-‘f..,_,‘""t" B Xo.x Y.,,y.,___',m"' s
% 4 (A fox, . V-...Y.-.J,,,,,y”"!’. |
- Q‘;:I 0712 ""'*"--t...,o,u_',"“’ i *‘x"?‘f'r )
........... 4 .,.,9_'”_," .
2 aE kg e / AL -
O10 s, i
1 0_1 6 -----
10*18\\\I‘II\I|III\ll\\\‘\\\\‘\\\\‘\\\\\\\\‘|\\\|
0O 0.1 02 0304 05 06 07 08 0.9
M., (GeV/c?)
N. Schild °
22.06.2026 TU Darmstadt | Institute | Philipp Zitzmann

™~
/%i%&\&x TECHNISCHE
ZZANN UNIVERSITAT
_I-IADIES DARMSTADT
1I_ 17\\\\'\\\\\I\\‘\I\\‘\I\I\I\I\I\I‘\\\I‘_I\\I‘I\\Ii
a> ?Ag+Ag m=2.42 GeV 0-40% VY om -
L | g2 HADES Work In Progress ~ *0:20 " 030 |
! 0 subtracted +-0.10 - +0.10 |
O 107+ +0.10 - +0.30—
et | ++0.30 - +0.50_|
R B L +0.50 - +0.74 |
% 10 W ¥ " u--';'*.* ., +074-+1.48 ]
= 408 T i -
£ 1078 .
L)Z ’—[m v‘ i =
T 1010 ", =
ZOR o ]
= 10721 =
104 |
716?\\\' 11
10775 0.1




