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Motivation

Measure source properties
at early stages ->
iInaccessible for hadrons

Estimate direct photon yield
via femtoscopy

Experimentally challenging

Collisions
Direct Decay
Stable hadrons: =%,n,K?....
Prompt Thermal Other
Fragm.
Jet-medium
Qap Jet Hadron
Hard scatt. Bremsstr. Bremsstr.
Pre-equilib. Hadron gas
) . . . Resonance
Gabor David, Reports on Progress in Physics 83.4, ,Direct decay

real photons in relativistic heavy ion collisions”

Cartoonish idea of experimental
y-y correlation function
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HADES work in progress
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Finite resolution
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-------- direct source

-------- decay source
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Direct y,
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Hydrodynamic Ry
Evolution > P Pre-Equilibrium
Phase (< 1) n°, My wan 11 1 N . 2
= ct~107 fm _ directy
a) without QGP / \ b) with QGP z direct — 2 2
/ \ 1051 Nauy
A /% B 1_
J. Stachel. K. Reygers, QGP physics SS2015 6., 0_‘ w |2|0| w ‘4\0. L IS‘O‘ ! |8|0| w |1(|}d w w1£0| L ‘1=‘LO‘ . |1_60
S -ti lution of the QGP” _ _
,opace-time evolution of the QINV — myy — J2E1E2(1 _ COS((XYV)) QINV v
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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

cr(o - | S

Effects and interactions:

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

S| - strong interactions,
hadrons

Determine the interactions

(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

ECAL v, P distribution
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. '°I HADES work in progress , UrQMD + HGeant
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=Py v candidates 3
- Photon definition: Sk * iy ey
+ No matching with charged tracks or hits in 512: " ota ;
ToF detectors ok :
» Cells closest to the beam line are not used 10k : 3
« Total (cluster) energy > 100 MeV, minimal o 't ;
energy in each module > 50 MeV 0°f ' .
« B within 20 from expected photon peak 10 - 7y [‘M';‘G[‘c]

(B=1), adjusted for each module (and
day/hour of a beamtime)
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Photons at HADES - ECAL

Modules are ~ 2.2° (92 mm) wide,
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Photon-photon correlation functions, Ag+Ag at 2.55 GeV

P L L B LA
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Qv = @1 ~P2)*~(E: ~ E2) statistical uncertainties only

MATEUSZ GRUNWALD | WPCF 2023, CATANIA | 09.11.2023



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

T 1T 1] —

:I R ‘ T | R ‘ LR T . b :\ T 1 1 | L ‘ T 1 T T | T T T 1T ‘ T T T 71 E
=14E Ag+Ag Ys=2.55 GeV 0-40% S aion 1 o4 AorAg V5, =285 Gev0d0% 1Y
1 35| HADES work in progress | 51 .3s) HADES work in progress correlation

F ] - merging corrected ]

130 g 131 1

1,25 * 1250 E

120 + , * UrQMD + HGeant] 12) . « UrQMD + HGeant]

1.15E . ] ¢ data E 1_155_ . * data _E

1 05 } .o.... °:a { 9 05 ;.. .° .o. .o:. é
r Yo ge® 't.. 1 E o.. .“:... .:.. 7
1}.:”"”‘."“’.“"’-“““'"0“*“.@ 1:_%“;2“,“-0“3"’ __________________ odod,

YT R N i (R S S N I N S S B

0 % 100 150 200 250 300 ~% 50 100 150 200 250 300

Quy [MeVrc] Q,,, MeV/c]

o, thershold map

treshold a, []

2 4 6 8 10 12 14 16 18 20
cluster, size

= D, —D,)2— E,—E 2
Qv = @1 ~P2)*~(E: ~ E2) statistical uncertainties only

MATEUSZ GRUNWALD | WPCF 2023, CATANIA | 09.11.2023



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
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SMASH, Ag+Ag at 2.55 GeV
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SMASH (only decay y, mostly from 1% n
and 2% decays) to only % photons —
background related to m° correlations?

QW : quantum weight (impact of quantum statistics)
. position difference
: momentum difference

14



SMASH, Ag+Ag at 2.55 GeV
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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
b 100 -4 50 unresolvable (Nc + Np)*
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 !?CAM

. , _ 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)

y from SMASH Ag+Ag @ s, = 2.55, 0-40% y from SMASH Ag+Ag @ s, = 2.55, 0-40%
% :I LI L 1T | 1T | LI | LI | 1T | LI 1T LI |: E
S 1051 SCAM model i s
° e E @
10% E
10° E
10°F E
; wm ]
10F ﬁmﬁ E
- L1 1 | L1 1 | L1 1 | L1 1 | | | L1 1 | L1 1 | l L1l L1l ] X1 03
0O 02 04 06 08 1 12 14 16 18 2

p [MeV/c]
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SCAM model

ISCAM]

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

Silly Correlation-Alike Maker

* 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:

1
ow =1+ Ecos(Aqu)

Non-femtoscopic effects are neglected!
(flow, energy conservation ect.)

Different source shapes,
R=2 fm (fade=0.5 fm), 10 y/event

Different source shapes,
R=40 fm (fade=10 fm), 20 y/event
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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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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 might be caused by mo-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 | WPCF 2023, CATANIA

09.11.2023
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Thank you for your attention!

Bon Quixote’s quest continues!

MATEUSZ GRUNWALD | WPCF 2023, CATANIA | 09.11.2023




Backup




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

1.5

CF(Qle)

Ag+Ag Vs,,=2.55 GeV 0-10% ¥
correlation

- HADES work in progress

merging corrected

1.4[ purity corrected ]
131 . +  UrQMD + HGeant ]
r : . * data 7
120 . o B
[ to ]
1.17—+ ° .."', ‘. ]
N 28 e ‘g, ]
: 11 1 L ‘ |- L ‘ | I - ‘ L Ll L ‘ | I - ‘ L Ll L :
0 50 100 150 200 250 300
Q,, [MeVic]
A; [T 1T T ‘ T 1 1 T ‘ T T T T ‘ T T 1 T ‘ T T T T ‘ T T 1 L
o E Ag+Ag \s,,=2.55 GeV 20-30% YV it E
i 1.5] HADES work in progress correlation 3
[ merging corrected " ]
L]
1.4~ purity corrected R .
I . ]
[ . ]
131 . « UrQMD + HGeant |
r . ¢ data ]
121 C. .
* . .o * ]
[ cS v h
1.1 - .o. .o °.. -
It %,
| B "ﬂ*wua“mmw;%
Bt b b b 1
0 100 150 200 250

Qy [MeV/e]

300

>
=

w15

g
&}

INV)

CF

1.4

1.3

1.2

1.

=

Ag+Ag \s,,=2.55 GeV 10-20% YT
- HADES work in progress correlation

[ merging corrected

[ purity corrected

* «  UrQMD + HGeant
. * data

lHII‘HHlHII
-+
.

pany
i
i
3
i
r
"- .
g
3.'
i
H
4
K|
i
|.§

15

1.4

1.3

1.2

1.

=

T

L L I L O B L B

1Y
correlation

L Ag+Ag ys,,,=2.55 Gey 30-40%
- HADES work in progress
I merging corrected

[ purity corrected ¢ )

UrQMD + HGeant
data

300
Qy [MeV/e]

"Background” contribution

Increases with les
events — rather n

s central
ot related

to direct photons (should be

the opposite)

¥

-~ T T T ]
OZ g Ag+Ag Vs, =2.55 GeV 0-40% T . ]
i 15[ HADES work in progress correlation
[ merging corrected ]
1.4f [ purity corrected data ]
r + 0-40% ]
131 * 0-10% 4
- + 10-20% 1
1ol ., .+ 20-30%
C % - 30-40% ]
Co o ]
1.4 _:I ot .
- O ]
_¢l. i
- e "mlll!ilm”’u"mm..................,...,.
L Ll 1 ‘ L1 | L | Ll Ll | L 11 L | Ll Ll | L 11 L
50 100 150 200 250 300

Q,,, [MeV/rc]

23



Backup — ECAL - alternative fits
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Very similar predictions for both options
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Backup — ECAL - alternative fits & centrality

CF(Qinv) =1+
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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
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Backup — fits to ALICE data
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