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Introduction:

QCD Phase Diagram:

300

se—LHC The Phases of QCD
250
. < Quark-Gluon Plasma
+ Study of fluctuations of conserved charges - 2 20
sensitive to phase transitions and the critical point. § |
£ 100 E
 In experiment: Study of cumulants of conserved T b e
charge distributions — related to susceptibilities °0" 'z 40 60 80 1000 10 1400

Baryon Chemical Potential p (MeV)

and correlation length from theory.

» Susceptibilities: How does the medium change under external influences

« Cumulants: Alternative to higher order moments of PDFs

P. Achenbach, et al. The present and future of QCD
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https://www.sciencedirect.com/science/article/pii/S0375947424000563

Introduction:

« These conserved charges include baryon number, electric charge, strangeness etc.

» This study focuses on strangeness fluctuations in Mar19 Ag+Ag data 1.58 AGeV in
HADES

« Kaon fluctuations - used as proxy

« Need to look into kaon identification and reconstruction
» First investigating K+, K-
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Charged Kaon Reconstruction:

« Particle reconstruction using time of flight information and energy loss.

« Kaon reconstruction — challenging due to low kaon multiplicity

* Methods used for kaon reconstruction:
* Hard cuts* based on ToF and dE/dx
« GetPID
* Hard cuts + GetPID

*Based on the cuts listed in Flow of charged Kaons
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https://indico.gsi.de/event/19357/contributions/79015/attachments/47197/67576/Flow%20of%20charged%20K%20mesons%20emitted%20from%20Ag%2BAg%20%40%201.58A%20GeV.pdf

How does GetPID work? - Norm calculation

For every particle type, assume that the track is of that particle type to calculate expected ToF

and energy loss:

NormdEdx =

NormTime =
Expected At - Observed At Expected dE Uliaane] dE
- - il d

(o)
g

norm = NormTime? + 0.6 * NormdEdx?

Particle ID corresponding to lowest norm is assigned to the track.
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Purity vs efficiency from different methods in simulation:

0.31 0.61

GetPID K+
K- 0.06 0.60
Hard cuts K+ 0.45 0.48
K- 0.14 0.27
GetPID K+ 0.73 0.44
Hard+Cuts K- 0.40 0.24
+ Purity= ——E= 0
Signal+background (S+B)
. Efficiency _ Number of true kaons reconstructed

Number of true kaons in the reconstructable tracks
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Next steps:

» Calculate moments of the particle distributions:
« Determine no. of particles of interest in each event
« Derive moments of resulting particle distributions

+ Disadvantage: particle misidentification — distorts the particle number distribution and thereby
the moments

* The observed fluctuations will not reflect the true fluctuations due to effects like
» Detector inefficiency
» Particle misidentification
* Volume fluctuations
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Dealing with particle misidentification: ldentity method

» Instead of hard cut, assign probabilities of a particle type to a track, and calculate
higher order moments

How it works:

« Consider observable x; of track i (eg: energy loss)

p(x,&) = Z p; (x,ﬂ) Sum of the energy loss distributions of different particle types j
J
Wj (;g%) — M c [0’ 1] Probability of track being of particle type j
p(xi)
N(n)

Proxy for multiplicity of particle type j o
Wj = Z wj (_{Uz) (same as multiplicity for ideal particle identification)
=1

A. Rustamovl and M. |. Gorenstein, Identity method for the determination of the
moments of multiplicity distributions, PHYSICAL REVIEWC86,044906 (2012),
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Visual representation of x, w and W:

A simple case with only two particles:

9000 e
— T T T T T "
1 = 1 s plai) = pj(i)
i = 8000 S j
S oo .- oz
B j\ L
0.8 7000: wj(:r:i) =2 ¢ [0, 1}
§ 6000f plai)
o —
§‘ - N(n)
0.6~ - 200 = e
s E WJ = Wi (mz)
i 4000}~ i=1
0.4 C
= 3000
i - 100
2000}
0.2 E
1000
§ A. Rustamovl and M. |. Gorenstein, Identity
B 1 ‘ . . . o= . - . 8 method for the determination of the moments of
0 0 5 10 15 2 multiplicity distributions, PHYSICAL
= 2 REVIEWC86,044906 (2012),
©Anar Rustamov 7111-, Wn- M. Gazdzicki, K. Grebieszkow, M. Mackowiak, S.
Mrowczynski, Identity method to study chemical
fluctuations in relativistic heavy-ion collisions, Phys.
Rev. C83 (2011) 054907
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Identity method — continued:

Unfolding the true moments from the vector of measured moments.

(W) A

fully defined by
fit functions

x [ (N)

—*

Folded moments Response Matrix

True moments

A. Rustamov, M. I. Gorenstein, Phys.Rev.C 86 (2012) 044906
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MDC dE_dx

Choice of input for identity method:

No single observable sufficient for good Kaon identification.

MDC Energy Loss: Mass: Beta-Momentum:

—_—— Eov b b b b b Law o L P RN BTN R R TR RS
2000 2800 0 500 1000 1500 2000 2500 3000 3500 4000 S0 2000 1000 0 1000 2000 3000
p/q in MeVic Mass p/gin Me!

ri e I i ulh m
1000 1500

Kaon band — not easily visible.

Solution: Use Norm of GetPID method to combine dE/dx and ToF information
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Summary and Outlook:

« Extracted purity and efficiency of charged kaon reconstruction using different cuts

» Investigated the GetPID method

Next steps:
* Fine tune the cuts used for kaon reconstruction

« Calculation of moments using Identity method
* Checking the output for different cut sets
» Checking the output for different input distributions

Thank you!
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Backup slides:




HADES:
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Cuts used in Kaon reconstruction




Hard Cuts:
Particle

System

RPC

*Inspired by cuts from Jan Orlinksi

TOF RPC

TOF

XZ

<100

MetaMatch Quality

<2

Number of MDC Layers

> 19

Distance to vertex

<20

Mass

€ (340,660)

Momentum

€ (200,1200)

€ (150,900) € (200,950)

€ (200,800)

dE
dx MPC

€ (1.9)

€ (1.1,17) -

€ (2,5)

dE &
ax Mpc "~ P

€ (580,3000) € (800, 2500)

> 900

dE
& Tor * BY

€ (0.25,3.2) .

€ (1,2.5)

B

>0.89

Sign (Charge)

<0

Strangeness fluctuations in the HADES experiment
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GetPID Method:

e Built-in function used in HYDRA - THE HADES ANALYSIS PACKAGE

» OQutputs a particle ID (PID) corresponding to a candidate track (real/sim)

How does GetPID work?
1. Preselection using quality cuts
2. Calculation of norm using Beta-momentum and Energy loss simultaneously

3. Assign particle ID based on lowest norm

Strangeness fluctuations in the HADES experiment
Athira Sreejith | FAIRness 2024 17
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How does GetPID work? - Norm calculation

« For every patrticle type, assume that the track is of that particle type to calculate expected TOF
and energy loss:

% cut If no PID can be assigned, PID = -1

Beta-Momentum plot for PID = -1:

Norm_time = Norm_dEdx =
Expected At - Observed At Expected dE _ Observed dE
dx dx

o o

norm = Norm_time? + 0.6 * Norm_dEdx?

» Particle ID corresponding to lowest norm is assigned to the track.
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Strangeness fluctuations in the S experiment ?"5"// UNIVERSITAT

Athira Sreejith | FAIRness 2024 18

W=7  \WUPPERTAL
=



How does GetPID() work?

Preselection using Quality cuts:

Quality Cuts:

Meta Match Quality >45
B >0
X"2 € (0,1000)
Inner Segment X2 >0
Outer Segment X? >0
Sign of charge Sign(charge) of particle corresponding to that PID
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How does GetPID() work? - Norm calculation

For every particle type, assume that the track is of that particle type to calculate expected TOF

and energy loss:
Momentum cuts used

(60,1000)  (60,900)

Norm time = Norm_dEdx =
- E & || K (85900) (85,800)

Expected At - Observed At Expected g—x - Observed

o o

norm = Norm_time? + 0.6 * Norm_dEdx?

Particle ID corresponding to lowest norm is assigned to the track.
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Purity vs efficiency from different methods:

GetPID()

GetPID()
X2 < 100

Hard cuts

GetPID() +

Hard Cuts

0.312278
0.0635627
0.471359
0.141039
0.448275
0.137757
0.729839
0.400908

0.606463
0.597414
0.574401
0.56309

0.481393
0.270921
0.437539
0.237396

Signal (S)
Signal + background (S + B)

Purity =

Efficiency =

Number of true kaons reconstructed

Number of true kaons in the tracks that can be reconstructed

Strangeness fluctuations in the HADES experiment
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Norm as input for Identity Method:

» Using GetPID-Norm value for the Kaon hypothesis (instead of all particle hypothesis)

« Advantage: Use both time of flight and % information simultaneously.

Distribution of norm for simulated true particles:

K+ Protons T+

= g B
8 F i é‘moo_ A £ 700

& 25000 [1 It F P IL & . %[P
F \ 10000(— / ‘ 600[- ﬂl[[\

fi
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15000(— L 400[-
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= Il n J 300}
100001~ \ 4000 — - )
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E 1 C
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“\
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ldentity Method:




Unfolding to find the true moments:

(W) Wi W12 ... Wik (N1)
(Wa) | | war w2 ... Wk (N2)
(Wy) Wi, 1 Wi - Wik (Nk)
(V%) A —1 W) - f1(p))
(NZ) = X | (WE)—f2(p;)
Defined by (W.Wg) —f3(p))
(NxNi) p;(X) functions

A. Rustamov, M. I. Gorenstein, Phys.Rev.C 86 (2012) 044906
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Kaon ldentification — Purity studies




Final Spectrum after hard cuts:

Hard Cuts, inspired by the cuts listed by Jan Orlinski (XLVI HADES Collaboration Meeting)
Beta-Momentum: Mass Spectrum: MDC Energy loss:
'; 103I * g 25; 0
r = 10— F
| E 102 E ; 107
0-2} 10° |~ 5J
B | | | | | E | | | | | | | E‘ﬁ- | | | | |
-guoo' = I—2006 — ‘-1006 — o] — IWDOO‘ — ‘2000‘ ‘ I\IA ;?fgoo ! 0‘ = ISDO‘ = ‘1000‘ = 1‘500‘ = ‘200(‘) ‘ 'ésod ‘ '5006 = 5506 ‘h;IAj-OOU -?ood — o] — ‘1000‘ — ‘2000‘ — ‘3000‘ ul‘:??l?‘h’ﬂlev;c !

’»
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Purity of K+: Using GetPID
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Purity of K+, GetPID + X2 < 100:

S/(S+B) S

w12 @
r = 10“
1= 1~
L 107 B
08— o8l 10°
06— 06—
= F 108
L 102 B
04— 04— 3
L ] L
r J r : 10
02l oz H
L 10° L
P N N R E RN B P N E I B N B
o0 ~2000 1000 0 1000 2000 3000 060 2000 7000 0 7000 2000 3000 |
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£
C 25000
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2500 r !
F 102 2500~ 100
2000 F
5 2000
1500:7 100 1500[— "
1000 F
r 1000[—
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Purity of K+, All hard cuts:
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Purity of K+: Hard cuts + GetPID
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Purity of K-: Using GetPID:

)

S/(S+B)

@2 @2
r B r
1= 1=
C C 107
DB; OB;
C 102 C
DEj -l| OET 1 10
04 1 04— 1
r 1 10° r 1
I LS I LS
02— 02—
- - 1
Cov v Lov v v bvv e v b i o v L Cov v Lov v b v v b v v e
-3000 -2000 -1000 0 1000 2000 3000 -3000 -2000 -1000 [} 1000 2000 3000
p/gin MeVic p/gin MeVic
8000 £ F 10
== C -
F 2500 —
2500— r
2000:— 10° 2000 ©
1500:— 1500
muoi 10° 1000:— .
E C o
C 500—
SDOT C
G:HH\"H\H.‘\HT"‘\‘..‘\H.‘ 107 9;-‘-‘“‘
= - -1 0 1 3 ¥
Y
. . . %%
Strangeness fluctuations in the HADES experiment % EERCISCHE]
: - 4'/ UNIVERSITAT
Athira Sreejith | FAIRness 2024 31 ’

WUPPERTAL




Purity of K-, X? < 100:
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Purity of K-, All Hard Cuts
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Purity of K-: Hard cuts + GetPID

S/(S+B)
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