Non-decay photon HBT analysis
In Ag+tAg@1.58 A GeV collisions
at the HADES experiment
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(very) Basics of femtoscopy

| Proton - proton correlation function, Rinv= 3fm |
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Source: Hanna Paulina Zbroszczyk, ,,Eksperymentalne aspekty badania korelacji femtoskopowych w
zderzeniach relatywistycznych ciezkich jonow”.

Typical lifetime: t ~ 1023 s

¥

i ilable! Signal(Qiny)
No direct measurements available CF(Qpny) = inv

‘v Background(Q;n,)
Femtoscopic (HBT) correlations Qiny =V (1= P2)? = (E1 — E3)?

\ 4

Experimental correlation function




Non-decay photon correlations (pros)

Photons being cool
Source: https://pl.pinterest.com/pin/547539267174048711/

Clear and undistorted information
(due to lack of interaction).

Access to various stages of collision.

Simple correlation function
parametrization (only QS).
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Photon emission during collisions
Source: J. Stachel. K. Reygers, QGP physics S52015 6., ,,Space-time evolution of the QGP”
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Non-decay photon correlations (cons)

Don’t ... ruin ... this.

K\Y;oiu fine ... Just keep wolking ...

Photons having issues Photon distinguishment problem' o )
Source: https://pl.pinterest.com/pin/547539267174048711/ Source: https://www.fortressofsolitude.co.za/top-10-hilarious-spider-man-memes/
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Non-decay photon correlations
previous attempts

Simulations Real data
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Source:,Intensity interferometry of thermal photons
from relativistic heavy ion collisions”. Dinesh Kumar
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The HADES experiment

§ =, neandmERI | 1.2 A GeV beam kinetic energy.
p H \ o, * Measurement of light vector mesons,
B 'l° S | decaying into dilepton pairs (p,w,®).
g " ' -- * High angular acceptance (0<¢<2m, 18°<6<85°),
2 ALICE Hadrons PR
PN split into 6 sectors.
.. v « High e* reconstruction efficiency and m*/p*
Amadeus @ DABNE~" " Neutron sta separation (RICH, TOF/RPC + MDC, ECAL[since 2019]).

1 3
Nuclei
QCD phase diagram

Net Baryon Density

Source: https://www.denseandstrange.ph.tum.de/en/research/

HADES subsystems visualization HADES cross-section
Source: Mateusz Wasiluk, ,,Particle identification using machine learning at Source: https://www-hades.gsi.de
the HADES experiment”




Photon detection in HADES

PCM (photon conversion method) Ecal detection (direct)

Electromagnetic callorimeter visualisation
Source: Electromagnetic and hadronic calorimeters, Silvia Masciocchi, GSI Darmstadt and University of Heidelberg

+ Easy detection of photons
+ High statistics

target/detector material

Photon conversion probability
Source: DOI: 10.1088/1742-

€596/599/1/012029 - Only half sectors working during beamtime
- Poor seperation of photons with opening
angle c1W<4° (merging-like problem)

+ High acceptance of e* in HADES
+ High momentum resolution

- Low statistics due to conversion probability
- et close track effects (splitting/merging)




Splitting/Merging explanation

Reconstructed track
points in detector

Points from e*
Points from e-

track 1
track 2

Splitting = 1 track recostructed as 2 with Merging = 2 tracks with small momen
small momentum difference/opening angle  difference/opening angle reconstru




Reconstructed photons per event
(real data)
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Correlation functions
real data

2 conversion photons 2 ECAL photons conversion + ECAL photon
all photons, conversion Il photons, ECAL, i . "
p ’ ’ Qinv all photons C Qinv all phOtons' mix, Qinv dphi dtheta ecal signal [haPhidThetaEcaiSignal |
W 7O L T L e Erwes 22534390508 | _
ot « noremaich, old background A o o ¢t « no rematchjAgA8 cut, old background Mean x -1.172
1 3 1 M X
60|~ « rematch, new background b 1.8~ « rematchlagad out, new background  — ’ s;a[';:,x GDT:S:
7 : 1 Std Dev y 0.2038
50— ; L
r ] ] 1.6/~ -
F 1 0.8 « no A¢A8 cut, old background n I
40 — L : i
o ] = ApAB cut, new background R B
o ] L i 1.4 .
sof- . 081~ ] . HADES ]
i HADES ] i HADES i o Workin progress -
L : 4 0.4 . - <[ . K
201 Workiin progress 8 Workinprogress | Co IR
10l 1 ozt - i ’*——-amd“:..._ SR
c:' - . ; . . TR W ) VRS Y PRSI FERT PRI FRET FRUTE PO I PO vy AT T P TN T 10°
0 01 02 03 04 05 06 07 08 09 1 0 01 02 03 04 05 06 07 08 09 1 0 01 02 03 04 05 06 07 08 09 1
Q,, [MeVv/c] Q,, [MeV/c] Q,, [Mevrc]
different photons, conversion, Q_ different photons, mix, Qinv
u Illlllh‘t‘ u R A I o R E R
o all photons ] 1BE -all photons
+n ] s
] L o g0
50 S . r b
] 1.6~
40 . -
] 1.4~
” 1 i . HADES
I_m ] 1_2'_ _'. Workin
20 - B s
* Workin progress | i i +
10 E e et ,._-:..Mﬁwwbr sl
. 1 I .'..:'..{: i H
b“ . - " " e I
0 100 200 300 400 500 600 0 100 200 300 400 500 60

0
Q,, [MeV/c] Q,, [MeV/c]




Correlation functions, non-decay region
(real data)
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Plausible reasons of observed effects
simulated data

Conversion:

€, opening angle

N

[irueyield] 875} (mixed yietd) ECAL:
L]

P
2
3
E]
3
2
&

o

two particle opening angle

zs T T T RARERARS RARE REAN] T 1(J3 hTwoPhotonOpeningAngle
5 S50 F 1 Entries 6.645032e407
§10‘“i— . 3 50 100 150 200 250 300 ' 50 100 150 300 C ] Mean 7873
; Workin progress Ry eV /] . - | S1d Dev 2413
107, G S B B 300f— !
/'\ ] = [ ] - !
s 1 z | C ]
" ] o [ 2501 — ]
b3 \ s L A w ‘w Wﬁ - '
: ] I *4*" i f - |
£ M!“*j;ﬁ'w‘ 7 200— ]
H’H#w ] C 1
oos|- i ] - '
; : C 1, ] 150/— '
0 2 4 6 8 10 12 14 16 18 20 o b - ]
g [1] r 1 C ]
0.9 ;‘ |I less than 1 shared 100 r ' m
[ } less than 2 shared C :
[ * | less than 3 shared 50 — H
i C Workin progress
0.8 [ H ) | ) t  no restrictions —
’ 50 50 1“0 m zuu 0 C 1 1 1 1 1 | 1 1 | 1 1 | Il 1
q, , [Mevic] 0 2 4 6 . 10
(3pemng angle [°]

gt 1

wires wires

Cla,,) &
Cla,) =

M&‘Wﬁ““m’k’ww

1]
0.95

i %
i

v’
t
f

| no shared wires, SWW=5

09|
| no shared wires, SWww=1

| no shared wires, Sww=1

|  norestrictions. } {  norestrictions

150 200 150 200
q,, MeVic] q,, [Mevic]
HADES merging correction

Source: Robert Greifenhagen, Two-Pion Interferometry in Collisions of Au+Au at
JSyn = 2.41 GeV measured with HADES, Dresden 2020




Ongoing improvements and ideas

New e* and conversion y selection, suppressing close track effects (in progress).
n—YYy selection for ECAL photons (and Mix).

Correction of c1W<4°ECAL merging (already done).

vV v . v Vv

If rich structures in CF would be after splitting/merging correction -> new CF
parametrization (non-gaussian).




