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Femtoscopy - measure source area

Definitions
4-momentum: P
4-position: X
Source function: S()‘(,p)
2-particle wave function: ‘I’(Yl,ﬁl; X_z,ﬁz)

Momentum difference: q=|p_1—152‘

R~10""m Unmeasurable
, T~10"%s in a direct way
Theory

Single particle
emission function: p(p):f S(X,p)d“‘
Two particle
emission function: P(p,,p,)=J S(X,, p,; %, b, )|® (%5, P,
Correlation L P(p,,p,)
Function: CF(pl’ 2): (

Experiment

Same-event q distribution: Sgn(q)

Mixed-event q distribution: Bck(q)

q)
q)

_ Sgn|

Correlation Function: CF(q)—
Bck|
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Femtoscopy - measure source area

Only quantum statistics (identical particles)

Identical bosons correlation function,

only QS involved

CF
n
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* S.V.Akkelin, Yu.M.Sinyukov, THE HBT-INTERFEROMETRY OF EXPANDING, IN
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R - homogenity length* (aka “source radius”)

CF

Identical fermions correlation function,
only QS involved
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A - correlation strenght ([0,1] for bosons, [-0.5, 0] for

fermions)

HOMOGENEOUS SOURCES, Kiev - 1995

PHYSICS

CF{Qinv)

-
=

More complex case -
proton-proton correlation

Proton - proton correlation function, Rinv= 3fm |

—a— QS
—o— QS+COUL
—e— QS+COUL+SI

1 ‘ 1 1 3 ‘ I | 1 i | L1 | | B 1 ‘ o | | | . ‘ O |

0.04 0.06 0.08 0.1 0.12 014 0.16 0.18 0.2
Qinv [GeV/c]

Source: Hanna Paulina Zbroszczyk, ,Eksperymentalne aspekty badania

korelacji femtoskopowych w zderzeniach relatywistycznych ciezkich jonéw”

..55:’
0 _-‘_:.‘i":f"’\ |

1
0.02

QS - quantum statistics
- coulomb force
Sl - strong interactions
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Why photon femtoscopy?

Hydrodynamic

Evolution > 2 Pre-Equilibrium
4 Phase (< 1)

a) without QGP///P\\ b) with QGP 3
A B

Source: J. Stachel. K. Reygers, QGP physics SS2015 6., ,Space-time evolution of the QGP”

Collisions

Direct Decay
Stable hadrons: =%,n,K",...

Prompt Thermal Other

Fragm.
Jet-medium
Jet

Hard scatt. Bremsstr.
Pre-equilib. Hadron gas

Hadron
Bremsstr.

Resonance
decay
Source: : http://dx.doi.org/10.1088/1361-6633/ab6f57

Pros

No interactions (Coul,Si) and large
mean free path - undistorted signal

Emission through whole source
evolution = information from
different stages (not only freeze-
out!)

Plausible way to hunt direct y
Many different sources

Easy parametrization of correlation
function (only QS)

Easy “quality benchmark” since:

3-momentum: p

Q[sz\/‘p1_p2|2_(E1_E2]2 QINV:MYV

M, = (E1+ E2]2—|p1+p2
m,=0=E, =|p,|

|2

M, =\2E E,(1-cosa,,
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Why photon femtoscopy?
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Source: : D.Blau, D.Peresunko. Physics of Particles and Nuclei (2021) 52(4):681-685

Decay
K

I-IAI)I-.S st adro

Prompt Thermal Other

4 Fragm.
Jet-medium
Hadron

Bremsstr.

Hardjscatt.
Pre-equilib.

Bremsstr.
Hadron gas

Resonance
decay
Source: : http://dx.doi.org/10.1088/1361-6633/ab6f57

Cons

Hard to detect in experiment - low
statistics or(and) complex
reconstruction

Yield highly dominated by 1° decay
(post-freeze-out photons)

Difficult/implausible distinguishment
between decay(m° n) and direct y

Lack of some sources in low energy
collision (f.eg. QGP or jets)

No straight-forward transport model
comparison for low energies (low
scattering cross-sections, not all
sources present)
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What do we (probably)

xpect?

CF

1.5

1.4

1.3

1.2

1.1

Direct vy,

D~10 fm

Cartoonish idea of experimental
'y-'y correlation function

sources & peaks
smeared by detector

— full CF
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........ decay source
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Dated: 2003,
Pb+Pb @ 158
A GeV, real data

FIG. 3: Comparison of parameters of correlation functions
with different particle identification criteria: A - all clusters,
¥ - narrow electromagnetic, [J - all neutral, () - narrow neu-

tral electromagnetic (no significant result for high Kr).

Source: Interferometry of Direct Photons in Central 280Pb+208Pb Collisions at 158A GeV, WA98 Collaboration: M.M.Aggarwal,

arXiv:nucl-ex/0310022v1
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Source:,Preliminary Results on Direct Photon-Photon HBT Measurements in SNN = 62.4 GeV and 200 GeV Au+Au Collisions at RHIC",

Debasish Das et al., https://arxiv.org/abs/nucl-ex/0511055v1
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What do we (probably) expect?

C.
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Source:Krzysztof Piasecki, Interferometria intensywnosci wysokoenergetycznych
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PHYSICS

Au+Au @ 200 GeV,
wee T implementation of
the Parton Cascade
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Dated: 2022,
Pb+Pb @ 5.02
TeV, real data

Source:Direct photon HBT correlations in pp and Pb-Pb collisions at sNN = 5.02 TeV, Mike Sas for
the ALICE Collaboration, Quark Matter 2022



HADES experiment

-E . e * High Acceptance Di-Electron Spectrometer

E % * Fixed target, few (1-2) GeV beam kinetic energy

*g m_'f * Measurement of dilepton pairs from vector mesons
5 (W, 9, p)

* High angular acceptance (0°<¢p<360°, 18°<6<85°)

split into 6 sectors.

Amadeus @ DAONE—" ™\ itron stars
St())urce: httPS.://W\:lvw.Z_’leuni:idstrange.ph.tum.de/en/reselyrc ; Barym_] DEI‘ISIt}' H I g h e_ reCO n St ru Ctl O n efﬁ C I e n Cy a n d T[_ /p

separation (RICH, ECAL).

> ECAL

o> Forward Wall |

Source: Spies, Simon. (2022). HADES Overview: Recent results from Ag+Ag .
collisions at v S NN = 2.55 GeV measured by HADES. EP) Web of Conferences. Source: https://www-hades.gsi.de
259. 01007. 10.1051/epjconf/202225901007.

HADES

17™ INTERNATIONAL WORKSHOP ON MESON
PHYSICS



Photon detection at HADES

Photon Conversion | Electromagnetic
Method (PCM) NN\ @2, =~ calorimeters (ECAL)
‘rrgg?\ /\Q 4
. : ‘,\/) e
* High momentum and * 2-step reconstruction * Great efficiency due to * Finite granularity
angular resolution (leptons = photons) —» 1-step photon (each module is ~ 2.2°
low efficiency reconstruction wide)
* Good lepton
reconstruction * Low conversion * Covers wider energy * Module to module
efficiency at HADES probability range than PCM differences
* Pure sample of * Lepton close track * Decently pure sample * Merging/splitting of
photons effects due to small with suitable criteria clusters at low
opening angle opening angles
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Photon detection

at HADES (PCM, simulation)

B vs momentumx charge, all e*¢’,
full selection, RPC, RICH used

B vs momentumx charge, selected y— e*e’,
RPC, RICH used

Invariant mass, separate Vtx.z cuts

TTTT T

HADES
work in progress

L e e s
E. + y—>e'e
E + selectede’e’

¢ selected y— e'e’

dN/dm, .

HADES
work in progress
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B vs momentumx charge, selected y— e*e’,
RPC, no RICH used
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Conversion vertex x vs z coordinates,
Y—e'e
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Conversion ¢ vs 6 y acceptance
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Photon detection at HADES (Ecal, simulation)

Ecal energy distribution

HADES
work in progress

T T T
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« selected particles
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dN/dp

Ecal P distribution
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Ecal modules grid

Photon triggers cluster
of size 3
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Plausible ways
function

of building photon correlation

Conversion pair
(PCM + PCM)

@ e
é‘. e
()

@

e+
ﬁg

* Good resolution

* Minimal impact of
momentum smearing

* Very low statistics

Calorimeter pair
(ECAL + ECAL)

|
)

)
)

* Good statistics —»
plausibility to check
centrality dependence

Hybrid pair
(PCM + ECAL)

® e
Qe =

* Theoretically lowest
opening angles
plausible

* Strong impact of
detector granularity

* Unpredictable effect of
detector combinations
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Photon correlation function - pure conversion

CF

CF

Two PCM v candidates,
sim, sources comparison
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INV

Two PCM vy candidates, simulation vs data

LL B
(O o s ]
A sim 0-40%
- * data centrality
351 g
af | HADES 3 Simulations - not enough data to draw
- work in progress 1 any conclusion about correlation
251 =
2— * } ] Real data - hint of close track effects
15E } * 41 visible (drop at Qv - 0)
| Wik
ey
ul |1 | L1 1 1 | L1 1 1 | L1 1 1 | L1 11 | L1 11 | L1 1 | | L1 1 1 | [ I:

o

100 200 300 400 500 600 700 800 900

|Nv [MeV/c]

Sim - model + detector response (no QS effects, detector impact benchmark)
Data - real data (QS present)
Cut i°/n - rough selection of decay residuals
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Photon correlation function - pure Ecal

Two ECAL v candidates, Two ECAL vy candidates,
L o, SOUrces companson simulation vs data
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Detector effects impact

Ecal modules grid
.+ Ecal clusters opening angle,

EEEENE - |
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Photon correlation function - pure Ecal

Two ECAL vy candidates, sim,

1.4

13

1.2
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Two ECAL vy candidates, data,
merging suppresion comparison
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Two ECAL vy candidates,
simulation vs data
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Photon correlation function - pure Ecal

Two ECAL vy candidates,

Two ECAL vy candidates, data,
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Summary NQW\N’

* Photon selection for PCM and ECAL works fine
(confirmed by well visible 1° peaks).

* Pure conversion CF has very low statistics and
suffers from lepton close track effects (lower
reconstruction efficiency for photons with small Thank you
opening angle).

: . . Mateusz Grunwald
* Pure ECAL is promising, hard mapping suppresses

W/%%

detector effects well enough. HBT-like signal is Mateusz.Grunwald.dokt@pw.edu.pl

observed.

* Hybrid approach, due to use of different detectors,
suffers from hard to correct detector impact, which

needs extra attention. Works is in progress. §r
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Backup - soft mapping
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Backup - soft mapping
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Backup - hard mapping

Opening angle, clusters size 1-1,
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Backup - hard mapping

Opening angle map, same

geant track pairs
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Backup - resolution estimation

« data —> Difference between generated and reconstructed
values, fitted with gauss & extracted mean and sigma
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Backup

resolution impact & pure model

vy candidates, model comparison

* UrQMD(PCM) 0-40%
centrality

L1 .14

1.12

* SMASH

1.1

1.08

1.06

1.04

1.02

0.98

|\\|‘|\||‘|||\|||\\|\|\||\|\|‘||||‘|||\ L1
0-987""400 200 300 400 500 600 700 800 900

[MeVi/c]

Pure model data comparison (no
detector impact, no smearing)

Y, SMASH, quantum weights,
different PCM smearing
T T

¥, SMASH, quantum weights,
different ECAL smearing
T

L|_ 1 27 T 1 ‘ L \7 L|_ 1 27 TT ‘ T T L
O * Nosmearing (400, o . * Nosmearing (409,
Smearing centrality L Smedring centrality |
1_15; real range N 1_15; . real range 7
= . = with mean E o . *  with mean
. real range with mean ] L oo real :gnge with mean
1 . b e .
L . + ] i ’ IS + +%
105\ ¢ 4 1o ! ¢ e
- T S
1 ___________________ S 1 _______________ “ " I
a
1111 ‘ 111 ‘ 111 ‘ LN

Q,,, [MeV/c]

; i
OW%OO 500 500
v (MeVic]
Y, SMASH, quantum weights,
different PCM smearing

Y, SMASH, quantum weights,
different ECAL smearing

LR L L B L B L L LI L AL R I [TH LI L L O L B L L L B L B I

LL [T 7] ]
01_14’_ + No smearing 0-40% 01_14; * No smearing 0-40%
F *  Smearing centrality ] F Smearing centrality ]
11 2} « real range { 1.1 2} * real range {
B + with mean b B with mean b
1.1 « real range with mean N 1.1 « real range with mean ]
1.08f ] 1.08f ]
1.06f ] 1.06f ]
1.04 ] 1.04f ]
1.02f ] 1.02i -
3:“;#!lil!lo'ltll‘lﬁl‘l( 44#% t‘ih-nv!ulzi-:!:!t
Iil\:ll\\l\‘\\I\‘II\\'I\\\'\\I\‘\\I\‘\I\\l\\\\l\\\l7 IiTI?\l\T\TlT\TIT\I\T‘TIT\'I\\I‘\\\I‘\I\\‘I\\\‘I\\I

0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100
Q C [MeV/c]

17™ INTERNATIONAL"W&RksHOP ON MESON

PHYSICS

0 600 700 800 900

Smearing has
negligible impact,
at least it seems like

24



Backup

centrality & dual correction (Ecal)

CF
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Backup - PCM photon selection

Lepton efficiency:
73.02%
Lepton purity:

95.65% /

Lepton efficiency:
91.94%

Lepton purity: et paront (1)
29.06%

Y efficiency: 96.59%
Y purity: 87.23%

N

Y efficiency: 99.83%
Y purity: 23.68% -

different parrent (not y)

same parrent (not )

same parment {7}

| |
- ; -

e ; - - G Y % a L =

Yy —e*e (purity) ~ 87.9%, 1° decay ~ 9.9%, n decay ~ 1.4%, rest ~ 0,8%,
Ny - 62105 (from 75107 eventS) EfﬁCienCy -~ 93% * *(if both leptons are reconstructed)
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Backup - hybrid issue

COnE
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Backup - hybrid “dip” estimation
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Backup - veeeeery preliminaty fits

Two ECAL vy candidates, data,
doubre ratio + purity corrected
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