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Motivation

Measure source properties Collisions

at early stages -> P Seey

iInaccessible for hadrons sibepadons: =€

Estimate direct photon yield P Thegmel R —Frsm
1 Jet-medium

via femtoscopy aGh i oS

Hard scatt. Bremsstr. Bremsstr.

) ) Pre-equilib. Hadron gas
Experimentally challenging Resonance

Gabor David, Reports on Progress in Physics 83.4, ,Direct decay

real photons in relativistic heavy ion collisions”

Cartoonish idea of experimental
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HADES work in progress
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Femtoscopy

Goal - measure source's space-time characteristics and/or interactions between
particles through low relative momentum correlations.

Theory

Correlation function:

] : — - P(ﬁl’ ﬁZ)
Single particle R N ‘ 5 ) =
em?ssisn function: P(P) = jS(x: p) d*x ;(pljpz) P(ﬁl)P(ﬁz)

Two particle o 5> 5 5 o > =2 .= =2N[1243 3
emission function: P (D1,D2) = | S(¥1,D1; X2, 02) W (¥1, D15 X2, P2)|2d°x1d°x;

. particle's position
. particle's momentum

>
X
p

W(X1,P1; X2,P2) : two particle's wave function

S(X,P) : emission function Experiment
q = |p1 — D2| : momentum difference Correlation function:
Ngame(q) : same event distribution Nsame (C[)
Npixea(q) : mixed event distribution CFla) = Niivea(q)
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Femtoscopy

[ Proton - proton correlation function, Rinv= 3fm |
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Hanna Paulina Zbroszczyk, PhD thesis

q = |p1 — Py| : momentum difference

=
Il

|X; — X%,| : relative distance
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Determine the interactions

Effects and interactions:

QS - quantum statistics
(Bose-Einstein or Fermi-
Dirac), identical particles
Coul — Coulomb
Interactions, charged
particles

S| - strong interactions,
hadrons

(non-traditional femtoscopy)
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HADES experiment
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High Acceptance Di-Electron Spectrometer

Fixed target, few (1-2) GeV beam kinetic energy
Measurement of dilepton pairs from vector mesons (w, ¢, p)
High angular acceptance (0°<$p<360°, 18°<6<85°) split into
6 sectors

High e* reconstruction efficiency (RICH, ECAL) and 1i* /p
separation (TOF)

RPC

MDC IV

MDC IlI

Target iTOF Magnet
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Photons at HADES

Photon Conversion Method (PCM) Electromagnetic calorimeters
(ECAL)
/7\)—? —
T A — ]
* High momentum and angular resolution » Great efficiency due to direct
» Good lepton reconstruction efficiency at reconstruction
HADES « Covers wider energy & pyrange than PCM
» Pure sample of photons » Decently pure sample with suitable criteria
* Possible Iepton close track effects due to +  Calorimeter modules are usually big —
small opening angle poor angular resolution
* 2-step reconstruction (leptons — photons) « Low-end energy resolution is low due to
— low efficiency y ~1/NE behavior — low Qy, might be fairly
* Low conversion probability due to very smeared, since:

small material budget of HADES

« (~10% prob. of reconstructing 2y/event) Quvy = Myy = \/ 28l = el )

Not enough photons reconstructed via PCM
for femtoscopic measurements!
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Photons at HADES - ECAL

E Og . 6%
' E  VE(GeV)
oy < 300 ps

0u,, = 2.2°

* Photon definition:

No matching with charged tracks or hits in
ToF detectors

Cells closest to the beam line are not used
Total (cluster) energy > 100 MeV, minimal
energy in each module > 50 MeV

B within 20 from expected photon peak
(B=1), adjusted for each module (and
day/hour of a beamtime)
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ECAL v, P distribution
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Photon-photon

correlation functions, Ag+Ag at 2.55 GeV
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Photon-photon correlation functions, Ag+Ag at 2.55 GeV
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Photon-photon correlation functions, Ag+Ag at 2.55 GeV

Visible enhancement at low Q, , over simulations!
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Photon-photon correlation functions, Ag+Ag at 2.55 GeV

Classical single gaussian source:

CEF(Q;ny) =1+ e CQinv*Rinv?)
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Interferometry of Direct Photons in Central 208Pb 208Pb Collisions at 158A GeV, Aggarwal,
M. M., Physical Review Letters, 93(2). doi:10.1103/physrevlett.93.022301

* Well established and widely used
» expected for non-inetacting bosons
» Doesn't explain (neglects) visible
additional contribution
» Difficulties to establish fitting range
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Photon-photon correlation functions, Ag+Ag at 2.55 GeV

Levy source:
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MATEUSZ GRUNWALD

* Event averaging (Cimerman et al., Phys.Part.Nucl. 51 (2020) 282)

-I Resonance decays ICsanéd. Csorgd, Nagy, Braz.).Phys. 37 (2007) 1002;
Kincses, Stefaniak, Csanad, Entropy 24 (2022) 308)

* Hadronic rescattering, Lévy flight (Braz.).Phys. 37 (2007) 1002; Entropy 24 (2022) 308)

10; S(r) 1 cla) core s
996) 491-497 ‘ corethalo =——

unresolvable

M. Csanéad, WPCF 2023, Catania, Nov 9, 2023

* Might model non-symmetric/” stretched”
source without need for 3D (out-side-long)

correlations

correlation between R and q)

« Found it hard to fit well (parameters like to

capture at range borders)

| PWRHIC2023 | 02.12.2023

>mena (Csdrgd, Hegyi, Novak, Zajc, AIP Conf.Proc. 828 (2006) n«

* | Direction averaging and non-sphericality [ Cimerman et al., Phys.Part.Nucl. 51 (2020) 282)

Fairly simple (just and extra parameter)
Physical interpretation (there might be
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Photon-photon correlation functions, Ag+Ag at 2.55 GeV

My idea - gaussian source + background:
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= B —_ - O, - N & 196-0-10% Pb-Pb s, = 5.02 TeV —Bkg fit — [ Pb-Pb, sy, =5.02 TeV = 30-50%
o B Ag+Ag SNN_2 '55 GeV 0 40 /O ’y Y I t. N © :vmm-yphosco\rfelation ¢ --Hlj;INIG ] 0_015;\/PCM-v::_:scarrelati:n _
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[ . » data - i ]
L fit range: 20-250 MeV/c . . -
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1.151- . — gaussian fit ] ;
L E E ~0.005\—
B « * baCkgro_und ] 0T e s B R B ¥ - -
1.1 N G+BG fit extrapolatiod] Q,, (Gevie) ks (GeVie)
L i Direct photon production and HBT correlations in Pb—Pb collisions at ¥ sNN = 5.02 TeV
B . . . wit experiment, Meike Charlotte Danisch on behalf of the ollaboration,
ith ALICE i Meike Charl Danisch on behalf of the ALICE Collaborati
[ . ° ] Acta Physica Polonica B Proceedings Supplement
. .
1.05 < . - -] There are a large number of effects which may give
| .o. . i rise to small @, correlations and mimie a direct photon Interf trv of Direct Phot in Central
- n® e h pair Bose-Einstein correlation. These include: 1) single nterierometry of Lirect Fhotons in &.entra
o — - M hadron or photon showers that are split into nearby clus- 208Pb+208Pb Coliisions at 158 A-GeV.,
1:“ ------------ | ters, 2) photon conversions, 3) HBT correlations from &ég?o%;llziﬁog?ooztazr(>)<(l)v3:nUCI-
B o peak (80-180 MeV/c) excluded from fitting - charged pions, or other hadrons, mis-identified as pho-
B ] tons, 4) residual photon correlations from 7° HBT corre-
0951111 vy v v b vy b v by by gy lations, 5) radiative decays of heavier resonances and 6)
0 50 100 150 200 250 300 collective flow.
Q,,, [MeV/c , 0
nw | ] « Seems to describe extra contribution well

(and data in general)

o - - RS [

» Arbitrary background formula
» Doesn’t explain background’s origin
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Photon-photon correlation functions, Ag+Ag at 2.55 GeV

My idea — 2 gaussian sources:

1
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[ gaussian_ fit ] 1 :t.‘;?::: s, = ..:i‘;!:.‘.‘@:::;mm.q ) : ) . *a,, @
[ . ¢ . 2 . ] 0 50 100 150 200 250 300 Bose-Einstein correlations of direct photons in
1.1 . e T DG fit extrapolation _] Qy MeVic] Au+Au collisions at VsNN = 200 GeV, D.
T . i . - Peressounko for the PHENIX collaboration,
- ™ - and position resolution of LEDA were applied. The sim- https://ari /abs/0704.0852v1
- e * E ulations indicated that elliptic flow results in the appear- ps:/farxiv.org/abs ) v
. ¢ . ] ance of a small slope to the correlation function on the
1.05 ‘e . . ] order of 5-107¢ (MeV/c)!; Bose-Einstein correlations ) )
B o. » 7] of s lead to a specific step-like correlation function, in Interferometry of Direct Photons in Central
| o* ., ] agreement with analytical caleulations of [5]; and resid- 208Pb+208Pb Collisions at 158 A-GeV,
= e hdid a®® s T - nal correlations due to decays of heavier resonances are  \\W/A98 Collaboration, arXiv:nucl-
1 IR _"w fom?d to be negligible._ ‘\’\’S'_h?x’c chcck_cd_ for nﬂoYu' CEC.CI.S ex/0310022v1 22 Oct 2003
- n° peak (80-180 MeV/c) excluded from fitting . a— — .
T D D « Very similar description to previous

0 50 100 150 200 250 300 example, also fitting quite nicely
Q,, [MeVic] » Does explain the other contribution
(neutral pions correlation)

CF(Qiny) =1+

T * Quite brave statement (although

somehow proposed before)
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Summary & Outlook

« Photon-photon correlation can be obtained in
HADES with use of calorimeters.

« An enhancement at low Q, (< 50 MeV/c) over
simulations is visible, with additional contribution (up
to ~ 200 MeV/c). It is not caused by calorimeters
resolution — likely physics based.

» The extra contribution is observed, might be caused
by m%-n® correlations (however it is just a hypothesis).

« Complementary study with use of hybrid approach
(combining ECAL & PCM photons) is ongoing.

« Systematic uncertainties are crucial for a solid
conclusion (to be done).

MATEUSZ GRUNWALD | PWRHIC2023 |
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Thank you for your attention!

Bon Quixote’s quest continues!




Backup




Photons at HADES - ECAL

Modules are ~ 2.2° (92 mm) wide,
Can't separate 2y within 300 ps
interval
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Backup - ECAL - centrality dependence

Some of detector effects are still present below Q,, < 20 MeV/c for
separate centrality bins (since threshold map was created for min bias
events) — region excluded from fitting
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Backup — ECAL - alternative fits & centrality

CF(Qinv) =1+
+
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Very similar predictions for both options
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Backup — ECAL —size 1 clusters vs all size clusters

ECAL v, energy distribution
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reconstruction overall) — higher quality of photon sample

Limited statistics (around 60% of clusters have size > 1)
Less energy and py coverage — less chance to pinpoint direct photons (since they

have on average higher p;than decay photons)

Direct Photon Production in Heavy-lon Collisions: Theory and Experiment Dmitry Blau and
Dmitri Peresunko, . Particles 2023, 6, 173-187. https://doi.org/10.3390/ particles6010009
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Backup — ECAL —size 1 clusters vs all size clusters

Still some signatures of detector effects for very low Q,, (~15 MeV/c),
however way smaller than in slide 24. Also, no , background” visible
for Ql,\,v > 150 I\/IeV/C (only 0 peak)
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Backup — ECAL - size 1 — alternative fits
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Backup — ECAL —size 1 alternative fits & centrality

CF(Qinv) =1+
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SCAM model

CAM]

. . _ Silly Correlation-Alike Maker
Create correlation function from user-defined source(s):

 Position — randomized from the source’s surface function

R =2 [fm], |z] < 0.2 [fm] R = 2 [fm], |z] < 0.2 [fm]

y [fm]
y [fm]

gauss (x,y,z) = e 05 +y*+z%)/R

_ 21v24,2
cauchy (x,y,z) = e 0.5yx%+y“+z%/R
Vx2+y2+z2 —R+fade

- ,xz +y2+z2+R-fade

halo (x,y,z) =

fade .e fade
2 4 6
x [fm] 1
corona (x,y,z) =
2 2 2
x4+y4+z4—R+fade
R = 2 [fm], fade = 0.2 [fm], |z < 0.2 [fm] R = 2[fm], fade = 0.2 [fm], |z| < 0.2 [fm]
e fade
— 8T
[P - s o o £ F T s T T
£ o T T E I o g o 250 . ]
- ol ' 450 > &L |nSpIred by
r 400 4l 200 * Kecal: A=L(g—=u)—1
4 - o Also recall: fr = Neore/Neotal = [ Se/J (Se + Si)
- 350 F e Then:
2} 300 2:7 150 Cg>0) =1+ o
oF: 250 oF ~1 el =1+l
e 200 21 100
C e SN .. 1 . core. o
2 150 o Ll I
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L 50 .
-6~ % - 0 1
[ | | '-l' - ..‘ ’ | ) Lo 0 gl L I I- L E’f T AN S AR Bolz et al, Phys.Rev. D47 (1993) 3860-3870; Csbrgs, Lorstad, Zimanyi, Z.Phys. C71 (1996) 491-497
-8 6 > —. 0 2 4 5 8 -8 -6 -4 -2 0 2 4 6 8 o ] ] )
X [fm] X [fm] Quantumstatistical correlations and femtoscopy in high energy

physics, Maté Csanad
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SCAM model

ISCAM]

Silly Correlation-Alike Maker

Create correlation function from user-defined source(s):

« Position — randomized from the source’s surface function

« Momenta — randomized using p and ¢-6 distributions (currently taken from
SMASH for Ag+Ag @ 2.55 GeV photons)

v from SMASH Ag+Ag @ s, = 2.55, 0-40%

y from SMASH Ag+Ag @ s, = 2.55, 0-40%

% II|III|I\I|III|III|III 1T III:
S 105 lf SCAM model _
o o 3
10% E
1% E
: . :
105— %w E

Fo ol I L 4x10°
0 02 04 06 08 1 1.2 14 16 18 2

p [MeV/c] ¢ [rad]
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SCAM model KCAE

. . _ Silly Correlation-Alike Maker
Create correlation function from user-defined source(s):

* Position — randomized from the source’s surface function (time = radius)

« Momenta — randomized using p and ¢-6 distributions (currently taken from
SMASH for Ag+Ag @ 2.55 GeV photons)

* |Interactions — calculate it directly for photon pairs with:

Non-femtoscopic effects are neglected! 1
P | g QW =1+ =cos(AxAq)
(flow, energy conservation ect.) 2
Different source shapes, Different source shapes,
R=2 fm (fade=0.5 fm), 10 y/event R=40 fm (fade=10 fm), 20 y/event
_— T 1 T T T 1 1 T T 1 T T T T T T T T 1 L= "-‘"1 -05 LU LI UL LI LU LI LU LI LU L
s F | | | | | S A ARAR AR AN R R ARRS RARAS AR RN ]
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ot L i
E ", e, Corona -+  Corona ]
1.25_— .o. o. . - _
- e SCAM model 1 1.03}+ SCAM model
12 oS = i ]
1.15f- 1 1og ]
1 Eﬁo S 1 1ot .
105 "+, .:: = i i
| S T.M | L m"’f"""“‘"‘?"‘"‘"‘“ﬂ T l* HTH|+¢T+¢HTH++T¢f
0 | L1 I50I 1| \1 0()I 1 1 \1 5()I 1 1 I200I 1 1 I250I 1| \300 0 11 \-IOI 11 I20I 11 I30I 11 I4‘0I 1| I50I 11 I60I 1| I70\ 11 I80I 11 Igd | I1\00
Q,,, [MeV/c] Q,,, [MeV/c]
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SCAM model

ISCAM]

Silly Correlation-Alike Maker

Double source (gauss 2 fm + gauss 40 fm)

Double source (gauss 2 fm + halo 40 fm,

fade 10 fm)
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SMASH, Ag+Ag at 2.55 GeV
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Backup — fits to ALICE data
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