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Motivations

* Basis - Koonin-Pratt equation:

S .
CF(C_iinv) — J‘d3r5(f))|q’((_jinv,f>)|2 — (Gino)

B(qmv)

* Butisitalways a correct approach?

* What happens if there is a very small amount of particles produced?
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Smoothness Approximation

* Koonin-Pratt equation assumes a so-called ,,smoothness B o L L
approximation” 1.0 & - -
—
* This approximation requires a large number of particles, as ,L 0.5
itis a kind of a mean-field approxmiation X )
h
O
* Either large energy or large system (or preferably both) 0.0

'lllllllllll 111'111]111

00 03 06 00 01 02 03
! k (GeV/c)

[
* Circles - CF with smoothness approximation

* None of those are present in p+p collisions at+/s = 3.46 GeV

* The goal of my PhD is to test the limits of this approximation Solid line - CF without smoothness approximation

Left: R=1fm, Right: R=2 fm
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HADES experiment

HADES - High Acceptance
Di-Electron Spectrometer

Fixed target experiment at SIS-18
accelerator in GSI, Darmstadt Germany

Almost full azimuthal angle acceptance
and polar angles between 18 and 85°
covered

Mini-wire Drift Chambers (MDCs) together
with high DAQ rate (20 kHz) allow to gather
data in large amounts
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Track Selection

2 sigma cuts on beta-momentum 0.8
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Event Selection and Mixing

e Selection:

 As the target was liquid hydrogen inside of a tank, a special care must be taken not to
analyze collisions coming from beam hitting the walls - tight vertex selection

* Thereis a dependence on how the correlation function looks like on the numer of tracks in
an event - different multiplicity classes are considered

* Mixing
* Because of the nature of elementary collisions, | cannot use centrality or event plane as
mixing parameters

* Instead, total event multiplicity and Z position of reaction vertex are used
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First obtained correlation function

1t~ correlation function

w 1.6
&

* Not really good looking 15

p+p at {s = 3.46 GeV

Raw correlation function

1.4
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* No correlation signal is visible 1.3
1.2

 Strong long range correlations from 1.1
conservation laws ]
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Getting rid of detector effects - wires

* HADES tracking system consists of four drift chambers planes (MDCs)

» Each MDC consists of six drift cell layers

 Signals from wires are used to reconstruct the particle tracks

* If sharing of signals from wires occurs between two tracks, they might be merged

* Rejecting pairs with shared wires might make merging less significant

21.05.2026 WPCF 2026 - Budapest

Wire layer

Track 1
Possible hits
fortrack 2

blue + red - rejected pair (shared wire)
blue + green - accepted pair
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1t~ correlation function

w 2
o -
. . 1'8:_ p+p at {8 = 3.46 GeV
Shared wires selection 1 6F
Rejecting pairs with too many shared wires 1.4
makes the merging less significant -
1.2~

Still, no correlation peak is visible yet —_ — s

08 =
L ==
- — —— no wire restrictions
0.6
O = —+— max 1 shared wire
0.4—""
;= —+— no shared wires
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Dependence on the number of tracks

* Aninteresting feature of obtained correlation functions, is that they strengthen
with the number of tracks per event

* Higher multiplicity increases combinatorial background, but may also indicate

more violent, localized collisions that enhance femtoscopic correlations, thus
the dependence is not trivial
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Dependence on the number of tracks

1t~ correlation functions

w 2r
. _ © r p+p at Vs = 3.46 GeV
* Higher number of tracks causes dramatic 1.8 HADES work |
correlation strength increase ' sE workin progress
1.4
* Long range correlations are very similar in S of ___..-m
each case C e e
1?,'55:‘3%‘“‘#. ——————————————
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0.8F=."
* Problems with normalization - ,flat” region is 06:3 — nlractszz
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Fitting procedure

* Using only Bowler-Sinyukov formula seems not to be enough, source is strongly non-Gaussian
* Maybe | can try to somehow describe this non-Gaussian shape?
* Current approach: Bowler-Sinyukov parametrization with Edgeworth expansion [2]

— (A . R)2 o)
¢ CF(QinV) - (1 - A) + - Kcoul(qmv) + /U{coul (Qinv) " e (QinyR) X [1 + Zn=4,n even

* Kk, -fit parameter, H,, - nth order Hermite polynomial

r\/%)n Hn(qmv ’ R)]

* Hermite polynomials allow to include higher moments of distribution, if deviations from Gaussian are not
extreme, then it could give better description of the source
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Fitting Tfor experimental correlation function

1t~ correlation function

E-) 1'6; p+p at |s = 3.46 GeV
* Tested two cases, only using H, or H, and H, 150 HADES work in progress
T No shared wires
* Noshared wires,nTracks > 6 s aF nTrackz 6
* It seems that using Hermite polynomials up to Hg B
. .o . 1.3 -
provides the best description of the correlation - I e
function 1.2 =
Bowler-Sinyukov 0.1322 + 0.0027 1.411 + 0.028 R S e
- —— CF
0 9 ;7 Bowler-Sinyukov
Bowler-Sinyukov + H, 0.089 + 0.018 0.843 + 0.060 0 8: Bowler-Sinyukov + H,
. ? Bawler—Sinyuk0v+H4+H6
Bowler-Sinyukov + H,+H, 0.1170 + 0.0042 1.530 + 0.056 0-7;*
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Double ratios

* To getrid of remaining detector effects a double ratio approach was used

* Experimental correlation functions were divided by correlation functions from simulation
(SMASH) after propagation by Geant

21.05.2026 WPCF 2026 - Budapest 18



Experiment
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Double ratio

* Applying double ratio made functions
more in line with each other

* Also long range correlations get weaker

» Still some dependence on the number of
tracks is visible

* Obvious drawback: larger statistical
uncertainties
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Fitting for double ratio

1t~ correlation function

é 1'6: p+p at (s = 3.46 GeV
* Like previously, using edgeworth expansion up to P 150 HADES work in progress
H, gives the smallest parameters S o Shared wires
(,_,jﬁ 1.45—
, _ , 1.3F
 Correlation strength did not improve much -
compared to ,,normal” CF 125
-|
T
1_ B = *_?ﬂﬁﬂﬁ_;tﬂﬂﬁt:ﬂj +ri+
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09 -'E-_ Bowler-Sinyukov
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0.7F
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Conclusions and outlook

* Managed to obtain some correlation functions for negative pions in proton-proton collisions
* Correlation strength is very small
* Radii a bit above 1 fm

* More refinement is needed, momentum resolution, optimizing pair selection and mixing, positive pion
analysis...

* Smoothness approximation seems to hold so far, but assumptionless fitting is still necessary
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Number of tracks in an event
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STAR collaboration: Pion interferometry in Au+Au collisions at
+/Syn = 200 GeV PHYSICAL REVIEW C 71, 044906 (2005)
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Figure 6.3: Distribution of same number of hits in two tracks for four possible
cases. Closed circles are hits assigned to one track, open circles are assigned
to the other. a) SL =-0.5 (clearly two tracks) b) SL = 1 (possible split track) c)
SL = 1 (possible split track) d) SL = 0.08 (likely two tracks)

xS

SL =
Nhits, + Nhits,

+1 if only one track leaves a hit in a layer
—1if both tracks leave a hit in a layer
0 if neither track leaves a hit in a layer

S;

No strong splitting seen in my analysis!
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