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HADIES
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Removal of detector effects

from measured data

"y, ‘/i//:/
= . //, 7 /l// > -
side long T
| , | , | , | , | , | ./ h
T T T B T T T

See pion correlations change

with charge and Coulomb

i .. + AU+AU 10.6 Source:
Z //{?;;/,/ I 1 93 AG V | Identical pion intensity interferometry in central
I ] e | Au+Au collisions at 1.23 AGeV, t
T 104 Phys. Lett. B 795 (2019) 446 asym m e ry
100 200 300 100 200 300 Eur. Phys. J. A 56, 140 (2020)
k, [MeV/c] k, [MeV/c]
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Femtoscopy

HADIES

Metod that lets us learn about particles source
space-time properties

qinv

eout-long

Identical particles

L.isa MA., et al. 2005.
Annu. Rev. Nucl. Part. Sci. 55:357-402

LCMS - Longitudinal Co-Moving System, total > >
momentum along beam axis equals zero ’ ’
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Base information 7 AN\

Wave function:
* Description of relative state of particle
pair

: ) * Quantum mechanics and final state
Source function: CerACHiONS

» Spatial map of the particle source at

freez . .
eeze out Correlation function:

» Ratio: probability of observing
particle pair / probability of observing
two individual particles

* Carries information about source
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Two-particle wave function - assumed
For pion pairs: Coulomb force as strong interaction is

HADIES

Correlation function - measured

@e experiment
Sgnl
7') |2 d3 = g—@ /

C(g,r) = | S(r) | w(q, Beke(@)

Koonin-Pratt equation

Sgnl(q) P> Pairs from same event

Source function - determined

effect of analysis Bckg(q) - Pairs from different but

similar events
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Long direction is in
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///, ,\\ \ . . B 85_HADES\V/V70rk In Progress
O ~FAg+Ag |syy =2.55 GeV
2 Correlations functions © o tm=asscey
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Inv

Out direction is the same as
pailr transverse momentum

Long direction is in
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///w r\\ \ o o ;:51 zf_HADES Work In Progress
O TLAg+Ag \sy = 2.55 GeV
— Correlatlons fllnCtl()nS 1.6/Centrality: 0-10% kT: 0.15-0.20 GeV/c
1.4;_‘;‘.':'13‘
1'2: ' .:.:.h"mm
2 ) 1 lnlnn'mmmm
\/ (Px1 T P)" + (Py1 1)) o
0.4 « T CF
- —Fitx*
0.2 —Fitn
% 20 40 60 80 100 120

g (MeV/c)

Inv

Side is perpendicular to

long and out direction
Side

Out direction is the same as
pailr transverse momentum

Long direction is in
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Detector Effects
Splitting: Merging:

HADES

@ Detector hit

Real track

@ Detector hit

Real track

----- Split tracks --=-=-=- Merged track
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Detector cut

L ——
/‘ i"\.

?—“’f';. u.u:.
b 1T ',?]“;m-! "‘,}‘:Tm { “’m HE h.; \ \

Using Multiwire Drift Chambers A T4 \
| ; 4- L'::f’, J”: i r ’lt{‘;.i;"r“n “” ‘g"",““,';d ,.\\
(MDC) detector ' /,,i,;gf,& ,..'.;wa El *"’“"" o\

-l“' ,\1 0y “'!‘”h!

———
—

= .
'."
AW am
—
o s

\‘ .
b
)
l
!

i
{
L

t

Used value:

i = LP'
M i
‘ f?ﬁ,‘ 3 *' :
{{l{i '.r:{f#hlu w MR :.S: R

Distance between hit wires W i

T
= "
. .
- 5 3 2

:.
:
i
i
.
§
!
|
i

BN g i
A i
l jf‘ ,m hm#umo'v_vx :mx'tl'hgn

"‘-r “blu

o , A‘."‘i' :! ;:m » H' d, il-ﬂn ) '\.‘,dgit‘jk\ }‘. ; e ‘.
1 HL l "'

-
LI
.
N

e ._“

Default separation distance is set g = =
° /48 .";'\*.'{-:'5."' . ey o’""r)'*pt[}{a f"*" 1y
ONn 2 WIres Ty _

e v -, \)? { .
m LE'T] 19—
o .,"""‘”'-ww::::t"m

Gﬁ@?ﬂl‘ﬂwmm }“' ~<

Source: https://hades.gsi.de/node/z; 3

23.00.2026 Anna Kodym | Analysis Meeting 2026 | Darmstadt 13



D at a an aIYSi S ""ﬁ //Q\\ \
o« e HADES
parametrization

Bowler-Sinyukov approach:

* Takes Coulomb interactions into account instead of subtracting them
» Well suited for like-sign pion pairs
* For 1D case:
C(Giny) = (1 = 4i) + 40 K (G Rmv)e_(‘lz'nvl'%)2
* For 3D case

C(qmtt’ side qwng) = (1 o /1051) T /IOSZKC(q’ Rinv)
(1 4 e_(qoutROMt)z_(qsideRside)z_(qlongRlong)z)
Where K- is simulated Coulomb function
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Coulomb force

HADIES

Included in Bowler-Sinyukov formula

Default radius value 5 fm

—~.1.2
5 b Generated using HAL software
OIPEEISISISICIE A A A
i [goaseeeesess HAL - Heavy lon Analysis Libraries,
0.8 ¢s" —— R=3.0fm . . .
o° IR written by Daniel Wielanek, framework
06 o =50 for analysis of the collisions of heavy ions
https;/wielanek.fizyka.pw.edu.pl/127.0.0.1_2222/wielanek/index.php/hal-framework.html
0.4 ~
02 Almost no difference
0 0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04

qinv (GeV/C)
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Data selection Jorinr iy IADES

Track selection: r 2
enl 1.1 E
£ - momentum criteria with 20 values 1 =10
Pair selection: 09 = 10°
Detector cut: closest wire 2 0.8
k7t 0.15-0.2, 0.2-0.25, 0.25-0.3, 0.7

0.3-0.35, 0.35-0.4, 0.4-0.45 GeV/C 0.6

Events selection: 0.5

Centrality classes: 045000 -1500 —1000 -500 O 500 1000 1500 2000
0-10%, 10-20%, 20-30%, 30-40% momentum x charge (MeV/c)
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/AN

i Data anaIYSiS Analysis rpethods and

arametrization: YNBT RS
HADIES
Data: 1D ﬁcemtoscopy
e 2]) femtosco
« Energy: . /synv =2.55 GeV (1.58 AGeV) 3 : Py
" * Bowler-Sinyukov approach
* System: Ag + Ag collision 't cen=0-10% k7 = 0.15-0.20 GeV/c
-HADES Work In Progress
g 1.8 “Ag+Ag sy, = 2.55 GeV QZO’ZgOEMeV/C)

1.6[Centrality: 0-10% kT: 0.15-0.20 GeV/c 1803

1.4 t‘“z‘lg' 160_;
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q. eV/c
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Momentum 7 T\
resolution correction HADES
51 ::— ¢ 1" Smeared
O r 7t Ideal
Done for both 1D and 3D 1j_ or Smeared
analysis 12_

Biggest influence for low g

o
Imlll
®

o B 0.64* HADES Work In Progress
Similar for z+ and # o 0-10%, k: 0.15-0.2 GeV/c
0(‘) | | | 20 | | | 40 | | | 60 | | | 80 | | 11001 | 1120

q,, (MeV/c)
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Momentum %\
() e u !,,.;;:I?'/'::y’ //é\\* \:::::::::::":-,
® ®
resolution correction HADES
-~ 2r
Calculated difterencein 6, pand  Z1s~ , o+ HADES Workin Progress
S .o J'li- Correction Factor
| & O F 0-10%, k;: 0.20-0.25 GeV/c
[deal function smeared by 12r
: 1
differences 08 f Fit formula:
|[deal divided by smeared -> °5] o) = Pz = t e exp [_0.5 | <Q;p4> ]
0.4 1 + exp 1p2 d 5
correction factor ooF
0lll|lllIlllllllllll|lll|l
0 20 40 60 80 100 120

qd. (MeV/c)
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True Trajector

23.00.2026

Wire analysis

Why do this?
Splitting and strong merging

Split Track 2

Split Track 1

Anna Kodym | Analysis Meeting 2026
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True Trajector

23.00.2026

Wire analysis

Why do this?
Splitting and strong merging

Split Track 2

Split Track 1
True Trajectory 2

Anna Kodym | Analysis Meeting 2026
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Wire analysis

Wire and opening angle cut — why different?
Opening angle cut — cone-shaped area removed behind particle

Wire — cylinder-shaped area removed behind and before particle

Implementation:
Unfortunately no wire data in dsts

Using Hydra algorithm HParticleMetaMatcher instead (needs hydra7.2)
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Merging and splitting - influence on

Wire analysis

HADIES

correlation function

-
0.5r
%50 100 150 200 250
q_, (MeV/c)
23.00.2026

Centrality: 0-10% k;: 0.2-0.25 GeV/c
Simulation data without femtoscopic effects

—~ 2 2
S | «JTT s | «TTT
S : S :
O1.5r " O 1.5+ "
1+ _tegnaltTenseds |- stemsetavnsstanssnyersii
o |
0.5¢ 0.5
““50 100 150 200 250 ““50 100 150 200 250
q_... (MeV/c) qlong (MeV/c)
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Wire analysis

Almost no detector effects (in simulation) HADES

Great improvement

Higher statistical uncertainties — amount of data from experiment will help

Centrality: 0-10% k7= 0.2-0.25 GeV/c
Simulation data Withozut femtoscopic effects

® 7tCW2 O 7" no cut

E(qside)

-5++ «roW2 O xnocu O1.5¢

+

T 0 |

#’ $ 1+M'i:ﬂmlﬂ.‘!: #
0.5F
““50 100 150 200 250 “50 100 150 200 250 ““50 100 150 200 250
q_. (MeV/c) q_.. (MeV/c) qIong (MeV/c)
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EZ Wire analysis - data comparison /72\

Comparison between closest
wires distance:
2 and 3

HADIES

Default:
2 WIres

Real data
Centrality: 0-10% k: 0.15-0.2 GeV/c

Small differences

—~, 2 =2
CAl ol
O1.5r _ O1.5[*"
B.o%2 o ":
1-2' !'hﬁmm!lll-lll 1 ""l-llm
0.5 0.5 0.5¢
‘0750 100 150 200 250 "'50 100 150 200 250 50 100 150 200 250
g, (MeV/c) a.... (MeV/c) Gong (MeV/c)

23.00.2020
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Wire analysis

e —
To remove leftover detector effects opening angle cut M
Wires only (seton 2°) wasadded  Wires + opening angle
—~, 2r —~ 2r
o 4 8:_HADES Work In Progress o4 8:_HADES Work In Progress
O ~FAg+Ag s\, =2.55 GeV O TFAg+Ag \sy = 2.55 GeV
1.670-10% k-;:0.15-0.20 GeV 1.6:0-10% k-:0.15-0.20 GeV
- C | e
1.41 - iy 1.4 4 *:':":.
L 13
0.8: 0.8 .
0.64 0.6
i OJ'E:l_ CF E OJ'E+ CF
0.4; -J'IS_CF 0.4 .t CF
- —Fit - —Fit !
0.2 —Fitrt 0.2 —Fit
O:||||||||||||||||||||||||| O:+|||||||||||||||||||||||
0 20 40 60 80 100 120 0 20 40 60 80 100 120
q (MeV/c) q . (MeV/c)
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Centrality: 0-10%
k7:0.15-0.2 GeV/c

Wires only (default setting) m

~ 2[
S | -J'E:"
51.5 T Addition of opening-angle

cut only made statistic
worse

O ™"50 100 150 200 %50 100 150 200 %50 100 150 200
g (MeV/c) qg.. (MeV/c) g (MeV/c)

out side long

Wires + opening angle

5 | gt
o | :
O1.5-, =JU

Problems outweigh benefits

Y50 100 150 200 %50 100 150 200 %50 100 150 200
g (MeV/c) qg. (MeV/c) g (MeV/c)

out side long

23.00.2026 Anna Kodym | Analysis Meeting 2026 | Darmstadt 27



One

Fitted with Bowler-Sinyukov correction:

— . . 2
C(qinv) — (1 o /Iinv) T /IianC(qinv’ Rinv)e (GinKin)
where K- is Coulomb function

Gaussian parametrization does
not describe data well

Different radii for 77 and 7~

Similar A

dimensional fits

C(qinv
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HADIES
2L
1 HADES Work In Progress
1.80 Ag+Ag sy = 2.55 GeV o JTT
1 G- 0-10%, k :0.15-0.20 GeV .
1.4fsaiy
1.2% 7
L
0.8;
0.6
0.4/
0.2}
O: | | | | | | | | | | | | | | | | | | | | | | | | | |
0 20 40 o0 80 100 120

q (MeV/c)

18
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Fitted with Bowler-Sinyukov correction:
C( : ) — (1 — }t ) -+ ﬂ K ( R , )(1 4 _(qoutRout)z_(qsideRside)z_(QZongRlong)z)
out> Uside qlong osl osihc\q> Ny, €

HADIES

~ 2 ~ 2 "
o o ) J'l:_
O1.5} O1.5 “JT
1 1 T
HADES Work In Progress HADES Work In Progress HADES Work In Progress
0.5 0-10%, k7:0.15-0.2 GeV/c 0.5 0-10%, £7:0.15-0.2 GeV/c 0.5 0-10%, £;:0.15-0.2 GeV/c
Oo"'sd"iob”isb' 200 Oo"”sd”iob”isb' 200 Oo"'Sd"iob"isb' 200
q . (MeV/c) q_.. (MeV/c) Iong (MeV/c)

Similar radii for out and side direction  Better description with
Long is half smaller - as expected gaussian than for 1D
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Current
systematic uncertainties

Taken into systematic
uncertainty:

Variable Default Variation
Calculated by runnin
. Y J p—po 2 +o 1
analysis the same way, with
one parameter changed Momentum  Given by 0%
1t 2 time resolution function °
Detector cut 2 +-1

To do: only 3D detailed is left
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26.70%

39.11%
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Observables

Full finished analysis for 1D

HADIES

Ongoing (advanced) systematic analysis for 3D

— 8;"'I""I""I""I""I""I'"'I""__'"'I""I""I'"'I""I""I""I""__""I""I""I""I""I""I""I'"'__'"'I""I'"'I""I""I""I""I"';

g ~ HADES Work In Progress 1 HADES Work In Progress 1 HADES Work In Progress 1 HADES Work In Progress _

H:E 6 Ag+Ag, | /Syy = 2.95 GeV T Ag+Ag, | /Syy = 2.95 GeV T _Ag+Ag, | /Syy = 2.55 GeV T Ag+Ag, /Syy = 2.55 GeV a

- 0-10% T 10-20% T 20-30% T 30-40% 7

- ' -4 — . -

) e B L S S B R

2 + + - -

O__ ..................................... .____....I....I....I....I....I....I....I....____...-I----I----I---.I....I....I....I....____----I----I----I....I....I....I....I....__

E """""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""

< 1T ® J-['l' 1 ° Jt'I' T ° J-E"' -1 ° J-E'l' ]

I Iﬂ:- T -J":- T IJ’E- T -J":- ]

0.5 ! 1T . T . T i 0 ]

: o . T Yoo : T o - T : : :

O_—. ..................................... v e TR TR T T TR TR T v iR TP T TR T TR T T ru i T T T R T T T =
0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.15 0.2 0.25 0.3 0.35 0.4 0.45

k+ (GeV/c) k+ (GeV/c) K+ (GeV/c) K+ (GeV/c)
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Current status and future 72\

Status: Plans:

Including wire’s in the analysis removes a
lot of detector effects

Finish full 3D systematic

Full 1D and 2D analysis made
. 4 analysis (very advanced at

1D systematic analysis finished this moment)

3D almost finished
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Thank you for your attention!
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