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e Study the production mechanisms of the

* Develop techniques for future exclusive analyses.

o/K

resonances with strangeness.
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Phys. Rev. C 80, 025209
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¢ /K™ ratio

K~ rescattering study
Differential cross section measurements

Detailed partial wave analysis
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Is there anything interesting?

Phys.Rev.C77:015204,2008
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General strategy:

e HParticle cuts:

* Multiplicity:

* PID in HADES:

* Kinematic fit:

Selection strategy

K+
Exclusive study, identifying and reconstructing ars
4-momenta of all four final state particles. L g
"0,) Forward Detector
MDC X

RICH 7o

0<p<1,P>50MelV/c, kisUsed. -~
Target 0.5°f STS1  STS2 FRPC

Veto

Np 2 2 (HF), NK+ 2 1(H), NK_ 2 1(H) Straw Tracker
t gt i K-
Neural network, m—, K=, p separation. .
p : 1 meter |

Xz cut & XIZ<K < X72T7T-

* Beta correction (high energy pions), energy loss (H), beamTilt (HF)...

Valentin Kladov
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Particle identification

Simulation Experiment
Fine-tuning options
Input Predicted
parameters f_ probabilities , ,
oL, Oy (o I * Exp/sim size balance;
f = Y
« Momentum | ?E:> ﬂ [> H E>E
o class label y e P
° = ! p . .
%“:93 = 53 =1 gl ,  Weighting of classes;
. eta 7 AR .
e dE/d AaLd || ™ label predictor G, (:;0,) P7T+
/ XMDC «2;;0 - m o g = domain ila.ssiﬁer Ga(+:64) _ ]
* dE/dxrop “, \ y Jeo M| 7 \ * Pp- * Weighting of losses;
* ToF feature extractor Gy(-; 0y) f‘?}@if‘@@f ’ E:> E> @ domain label d
» Distmeta * P+
) Beta fi I:>l back ( dag.il d d ) @ P l
orwardpro ackprop (and produced derivatives o —
« Metamatch = S K

e Mass 2 Image source: https://doi.org/10.48550/arXiv.1505.07818

Prioritize suppression

Intermediate features trained to be indifferent to the input type (Sim/Exp) of pions in experiment.

Original DANN article and image: https://doi.org/10.48550/arXiv.1505.07818
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Particle identification

BvsP
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BvsP
1 _ hBetaMomO l
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Kinematic fit for pp - ppKK

- ﬁ Hades-Hades Minimization: =@ -nviy-n
:_ ? JH& ¥, . Exp Constraint: 4C YP;— Ppogm =0
: ik HE S  Sim+Back . o . .
] } Vv Probability distribution should flatten at high values.
| » T ﬁ N-""f.
i .+l +
- . *
Bl i #; o 2000% 5
o9 -
| ! '|"ir Lir:Egr background fit '_.' '_' § 1800_'5
1 L Y 16001
:I | ”/TW - -
10" 1 10 102 103 13“ 1400:_
X 1200 — Scaling of errors affects this
? 1000 —
i 800 —
g Hades-Forward oS00
5 S/B~15 400|—
o0
= . —— T | 0:| | ol b b b v b b b Ly
X 0 01 02 03 04 05 06 07 08 09 1
KinFit probability
Original KinFit package: https://doi.org/10.1007/s41781-023-00112-x
Valentin Kladov Workshop at 1GeV scale 20.09.2024



Errors for KinFit

Error segmentation:
p — ¢ for Hades, p for Forward

* 3Coverconstraint: ), P; — Ppogm = 0, |Pr| as not measured.

c —4C fit
5350_ _ * 4c dependsonall errors (p, 8, @), 3c only on angles.
- — 3C fit
3{]0:— * If probability distribution is not flat — adjust the errors separately.
250 — I8 HJ]J '
- m]f‘iﬂmﬂlrﬂ}ﬁﬂjhﬁ
150 — Hades: No scaling needed for flat probability distribution
100
50 E_ Forward: Small scaling of forward errors is still needed
:I 1 1 | l 1 1 1 | 1 1 1 | 1 1 1 | L1 1 1 | L1 1 1 | | 1 1 1 | | 1 1 1 | L 1 1 1
81 02 03 04 05 06 07 08 09 1

KinFit probability
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Errors for KinFit

Error segmentation:
p — ¢ for Hades, p for Forward

* 3Coverconstraint: ), P; — Ppogm = 0, |Pr| as not measured.

3 —4C fit
5350_ _ * 4c dependsonall errors (p, 8, @), 3c only on angles.
- — 3C fit
3{]0:— * If probability distribution is not flat — adjust the errors separately.
250 — I8 HJ]J -
ol m]f‘iﬂmﬂlrﬂ}ﬁﬂjhﬁ
150 — Hades: No scaling needed for flat probability distribution
100
. E_ Forward: Small scaling of forward errors is still needed
:I 1 1 | | I I | | | I | | 1 1 1 | | 1 1 1 | | 1 1 1 | I I | | I I | | | I I

KinFit probability Szymon, Adam, Iza

Universal tool for HADES?

Valentin Kladov Workshop at 1GeV scale 20.09.2024



counts

Raw invariant mass distributions

$(1020) - KK

u=1019.9 + 0.5 MeV (1019.461+0.016 MeV*)

B hMKNKP
| Entries 48688
L Mean 1123
1000— Std Dev 1128
800—
i Events in ¢: ~4800
600 —
200—
i | ] | [ | | | | | | | | | | | | — |
800 1000 1100 1200 1300 1400 1500
M., (K*K) [MeV/c?]
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*PDG
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(50% of total available dataset)

Workshop at 1GeV scale

A(1520) - pK

u=1520.0 + 0.5MeV (= 1519 MeV*)

1%

AMpKN
E Entries 48688
B ﬁ Mean 1573
:_ Sitd Dev 68.13
— H

— Events in A: ~5100
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(K, K*) [GeV?]

2
inv

Mass distributions

Corrected for efficiency
| A(1520)

I500

250
0 ey * 300
100 —200
$(1020)
- . 50 100
0.8— 0.8—
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M2, (p.K) [GeV?] Miy (0.K) [GeV]

Reconstruction efficiency & acceptance play big roles.

Valentin Kladov Workshop at 1GeV scale 20.09.2024



Efficiency corrected yield

400 —
- 50% of Feb22 pp data
: Preliminary
350 [ !
- - e Efficiency and acceptance
300 :_ T Experimental distribution, corrected for efficiency Corrected Spectrum based on
— simulation.
250 :— Fit, Gauss + polynomial(2)
200 — .,  Efficiency = selected / generated
| Simulated phase space distribution, arbitrary normalized bin by bin.
— 7
150 — _ %
— }wj % * Prone to simulation systematics.
100 —
- : i *%%au
50 L, |
: // //// // // / " I
1000 11 00 1200 1300 1400 1500
M. (K*,K) [MeV/c?]

Difference >> S/B ratio from y? distribution (~15).

Shape stays the same for stricter y? cuts.

Valentin Kladov Workshop at 1GeV scale 20.09.2024



counts

Effects of FSI & different efficiency corrections

6000 — ]p 50% of Feb22 pp data Experiment, 2d correction pK-KK
B Preliminary
B 1 * Need different efficiency corrections
5000 — Experiment, 3d correction pKK-pKK-KK for different distributions.
4000 Simulation, scattering length approximation * Background shape can be described in
B terms of KK FSI.
3000 —
B Fit, Gauss + polynomial(2) » Other effects can also contribute to
n the shape of KK.
2000 —
1000 —
B %@MH t

J00

_ 1500
M., (K*,K') [MeV/c?]

o
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Final state interactions (FSI): K rescattering

! ” y Outside ¢ peak
Inside ¢ pea Myx < 1.01 GeV /c?
: 1.01 < My < 1.03 GeV /c? KK == 5
140~ MKK > 1.03 GeV/C
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100 g i 700__
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: %W - - 600/
60— + i —— Simulation, phase-space B
i t ; 40— N —— Experiment, pK*
40+ %H’ i 500__/\(1520) ﬁ
20:_ Outside Inside Outsi de l E
0:|||||||||||||||||||||||||||||I|||II|I|I 30__ 400—_
990 1000 1010 1020 1030 1040 1050 1060 B —
M., (K*K) [MeV/c?] B B
i 300
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E iy f
150} #ﬁﬁ HW t ﬁmﬁw
- if } iy . . . —
100 #{Lﬁ“ S, Data can be described by a pure phase Is it an attraction between p and K~ (FSI)
_ hy h ) Lﬁﬂm . . .
oo 4 ", space distribution (only HH) or under-threshold resonance?
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Final state interactions (FSI): K rescattering

dol/dM,., | doldM,..

ANKE collaboration Mygr < 1.01 GeV /c?
My < 1.01 GeV /c? My > 1.03 GeV /c?
Ebeam= 2.65 GeV Ebeam= 4.5 GeV
Phys.Rev.C77:015204,2008 a
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* Similar pattern at low masses, different energy region.

* Looks more like under-threshold production. A(1405)
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0.2

¢ /K share & pKK system

¢ /K = 0.195 (no background corrected)
/K ~ 0.205 (corrected for ~7% from x*)
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10°

sy [GeV]

For more accurate results we need to make a
more model-independent efficiency correction.

Workshop at 1GeV scale
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Several mechanisms possible:

pp — pX = pp@
pp — ppy [ pKA

/ pKA

* pp — ppkK
g [ Preliminary
E_ pKK system
3 — EXp
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i i
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pKK mass distributions

— 7 hM2pKKvspKK — 7 hM2pKKvspKK
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helicity angle distribution HH events

pKK helicity angle
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X = pp - pKK
X - AK - pKK
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Workshop at 1GeV scale

Resonance decaying into p¢ and KA is at least not dominant.
Depends strongly on the choice of proton. (only one of 2 p)
Depends on efficiency correction.

However, hints on non-trivial dynamics are visible.

(not uniform as for phase space simulation)

20.09.2024



Summary & Outlook

Neural network PID improved and uploaded to github.

Need for KinFit errors scaling in Hades removed by error

segmentation.

Scaling of p and 8 /¢ errors for forward determined

separately with 3C fit.

Efficiency corrected spectra acquired, effects of different

efficiency parametrizations studied.

FSI fits to nonresonant part done.

* ¢ /K ratio estimated with potential for a more precise

measurement.

* Signs of non-trivial dynamics found in pKK distributions.

Valentin Kladov
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» Combined fit with simple amplitude models using GENBOD.

» Partial wave analysis attempt.
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ToF; ¢ - TOF g [NS]

1.3C KinFit = Expected momentum.

FRPC new gen check

2.Momentum + track distance — Expected ToF.

3.Compare with measured ToF in FRPC.
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ToF 4 iy - TOFgpe [NS]

10

hTDiffvsStrip

1=
ei— Strip number (across detector)
41—

|
(e)]

|
(o]

|
=]

o
|||‘|||‘|
1

40 60 80 100 120
Strip number + module*32

30

25

20

15

Properly working ToF measurements in the whole area of FRPC.

*No access to old data.
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Raw invariant mass distributions

Counts

TT1]

Days 34-48, FEB22 / pp — ppKK

* 4C kinematic refit is very

powerful in this case.
—— graphical cuts, no kinfi * NN PID significantly increases
NN PID, no kinfit computation speed by lowering

— graphical cuts, with kinfit
—— NN PID, with Kinfit

the amount of kinematic fit
combinations.

* Will be more helpful for inclusive
reaction studies without
possibility to apply 4C fit.
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counts
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Efficiency corrected yield

Different efficiency methods

t 7]
i :

800’

1000

Valentin Kladov

Experimental distribution with 3d efficiency correction

Experimental distribution with 2d efficiency correction

Simulated phase space distribution, arbitrary normalized

Fit, Gauss + polynomial(2)

i |
it
1100 1200 130¢ 1500
IlMin*«..n* ( ) [MEV;’C ]

HADES CM, Warsaw

counts

7000
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Difference Hades - Forward
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ﬁ H#ﬁ% %ﬁ i i}ﬁ

W////

Experiment with 2d correction, HF

Experiment with 2d correction, HH

Simulation phase space

Fit, Gauss + polynomial(2)

f ﬂli M H+ HHHH ﬂ* | #} ﬁ

800

ol i
1000 1100 1200 1300 1400 _ 1500
M., (K*K) [MeV/c?]
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(pH,K ,K*) [GeV?]

— 7 hM2pKKvspKK
< - Entries .~ 202070
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Just KK nonresonant scattering

Efficiency corrected yield

HADES CM, Warsaw
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2500 — ——— Only NN and simple cuts
: After KinFit
2000—
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B I R R HJWML_ I
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Good coverage of FRPC detector
<,0 distrib@tion is U@iform
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probability [%]

Particle identification performance

Sim Exp
3
o 220%10
i 1 S -
g 200
180—
0.8 -
160—
140
0.6 :
120—
100—
0.4 -
80—
60—
0:2 _
40—
20—
0.0 A _
—-0.50 —0t25 O.E)O 0.'25 0.;30 0.'75 1.(30 1.'25 1.50 —%.2
M2[GeV?]
* Good peaked probabilities ~100% average * Good distributions with tails

e Strong pion-kaon overlapping * Prone to mixing
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Errors for KinFit nDiffPhi 14 3
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tof forward measured - expected

hTofDiffForward1
— Entries 12563
400 — Mean -0.0277
— Std Dev 0.6404
350 —
300 —
250 —
200 —
150 —
100 —
50 —
- Hieen el cnen oo .L e ol e AN Al | s | | | | | |
0 —4 —2 0 2 4
ToF 6 i = TOFgpc [NS]
X fit probability distribution 2 fit probability distribution
: _EEXp 1mm_ _fEXp
4000+ : “ :
- ~Sim o ~Sim
3500(
i 800H-
3000 I
2500%— 600
2000 i
E 3
- 400
1500 — -
1000— N
- 200—
500— B
0: | | | 0 | | |
0 20 40 60 80 100 0 20 40 60 80

x2,4C fit

x2,4C fit

hDifflnvMom 14

1000 900 0
0 05 4500400035003000250020001 500
Otggomentum [MeVlc]
hDifflnvMom 14 _
x10
w5000r
: E
:5 : 0.0¢f
=4500—
€ -
2 -
GCJ el —0.0¢
= -
o —
E3500[—
3000— -
2500
E 0.0z
2000|—
1500— .
1000—
500, 10 20 30 40 5 60 70 8 90 O

theta [7]



Efficiencies and situation with simulations

protons emission distribution
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Kinematic fit for pp - ppKK
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Other distributions for kinfit
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