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Motivation

* Measure recoil A polarization
PWA model constraint

« Extract differential cross sections and angular distributions
sensitive to intermediate nucleon resonances N*(1440) — N*(1710)

 Demonstrate performance
for an upcoming dedicated pion-beam campaign
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Analysis Procedure: Event Reduction

g E 1. PT3 trigger
e 109§—
- 2. Require at least 3 positive and 1 negative track in HADES
10° =
= 3. Constrain to four tracks conserving initial beam
- 4-momentum
107 =
- 4. Remove events with poorly determined START time
10F = : . . .
= 5. Require ToF information to point better to K™ than ™
10° = 6. Primary vertex [ target region cuts
_ | | | | | | | | 7. Invariant mass region selection

6/24/2026 Oscar Marcos Pérez Cytron (RUB, FFN) o.m.perezcytron@gsi.de 4



Analysis Procedure: Momentum Selection
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Analysis Procedure: Momentum Selection
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Analysis Procedure: Momentum Selection
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Analysis Procedure: AToF-based PID

2 B o 3 iy . ..
s — Pt g * Calculate AT for all track hypothesis pairings:
9 12| T hypothesis | . e e
¥ B I =3 RS 2 2
5 e T R Euhie] - I \/ p-+ mhyp
sE- . AT =ToF yea5 = TOF ey (hyp) = TOF o0 — < 5
6 ; =10
VS : « Take the track hypothesis with the lowest ZAT? of all
2| N tracks assuming positive tracks are p, p, K*
o 10
of- « Accept events where K* particle hypothesis is most likely
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AT Of all tracks under ToFexp (ﬂhyp)
after A cut
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Analysis Procedure: AToF-based PID

T~ hypothesis p hypothesis

—
~
|

10°

AT-<AT>[ns]

All tracks
Tt hypothesis

—_
N

10°

AT-<AT> [ns]

At-<At> [ns]

—_
o

102

10°

-4

PRI N el |

K* hypothesis

Ry

IIIIII e | 1]

kA
-500
D

2500
D c]

7t hypothesis

. e e f
500 1000 1500 2000

10

AT-<AT>[ns]
AT-<AT>[ns]

~3000 —200 21000 0 1000 2000 3000
pq [MeV/c]

i
3000
p [MeV/c]

3000
p [MeV/c]

il )
2000 2500

1000 1500

AT Of all tracks under ToF,,, ( Tthyp
after A cut

6/24/2026 Oscar Marcos Pérez Cytron (RUB, FFN) o.m.perezcytron@gsi.de 9



At[ns]

Analysis Procedure: AToF-based PID
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Both proton candidates, K*, and
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Analysis Procedure: Primary vs Secondary Proton

track, » Calculate the distance of closest approach (DOCA) of

A the two primary proton-K* and secondary proton-n~ hypotheses
12

+ Calculate ZDOCA?2 = DOCA (pK*)” + DOCA (pr)’

track,

 The hypothesis with lowest ZDOCA?
assigns primary and secondary proton
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Counts

Analysis Procedure: Primary vs Secondary Proton

—{—— Data
4 +36] = 2
10 [u+30] = [1107.5, 1122.8“ MeVic Total fit (Gaus + Pol)

-------------- Signal (Gaussian)

-------- Background (Pol)
u=1115.17 + 0.03 MeV/c?
6 = 2.56+ 0.03 MeV/c®
Signal_(+30): 9473 entries
Background (+3c): 1285 entries
S/B=7.37
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Calculate the distance of closest approach (DOCA) of
the two primary proton-K* and secondary proton-nt~ hypotheses

Calculate ZDOCA?2 = DOCA (pK*)” + DOCA (pr)’

The hypothesis with lowest ZDOCA?
assigns primary and secondary proton
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Analysis Procedure: Primary vs Secondary Proton

10*

Counts

10°

102:—

) ——>— Data
[n+30] = [1107.5, 1122.8“ MeVic Total fit (Gaus + Pol)

-------------- Signal (Gaussian)

-------- Background (Pol)
u=1115.17 + 0.03 MeV/c?
6 = 2.56+ 0.03 MeV/c?
Signal (+3c): 9473 entries

Background (+3c): 1285 entries
S/B=7.37

¢ Calculate the distance of closest approach (DOCA) of
the two primary proton-K* and secondary proton-nt~ hypotheses
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~18% of A are lost due to

. Calculate ZDOCA? = DOCA (pK*)” + DOCA (pr-)’

« The hypothesis with lowest XZDOCA? assigns primary and
secondary proton

—+— Data

[11436] = [1107.7, 1121.7] Mew#e2>— Total fit (Gaus + Pol)

-------------- Signal (Gaussian)

-------- Background (Pol)
p = 1114.67 + 0.07 MeV/c?
o = 2.33+0.07 MeV/c®
Signal (+30¢): 2075 entries
Background (+30): 682 entries
S/B=235

Counts
\

10°

incorrect DOCA hypothesis

Vertex fitter needed for
finer-tuned hyperon track

reconstruction
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Analysis Procedure: Primary vs Secondary Proton

» Better vertex finding method required — Vertex fitter
« Vertex fitter uses covariance matrix {1/p, 6, ¢, R, Z}
« Calculate pmt™ track distances with covariance matrix error and invariant mass in A region

« Covariance matrix parameters from PLUTO simulation residuals (only diagonal contributions)
{1/9/ e/ (P/ R/ Z}

* Window on pmt” invariant mass of 20 MeV

 The hypothesis with lowest x? chosen as secondary proton
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Analysis Procedure: Primary vs Secondary Proton
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Counts

Analysis Procedure: Primary vs Secondary Proton

vertex fit

pmt Invariant mass before
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Analysis Procedure: Target Region Selection
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« Knowing the primary proton and kaon, we select tracks within
the target region of the point of closest approach (POCA)
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Analysis Procedure: A and K™ selection

e A Selection:
* Invariant Mass of psecondary + T
e 30-cut on invariant mass peak
« K™ Selection:
* Missing mass squared of pyimary + Psecondary T T

« Take events with MM?2 > 10° (MeV/ Cz)z

[u+30] = [1107.9, 1122.2] MeJqL Data
Total fit (Gaus + Pol)
-------------- Signal (Gaussian)
-------- Background (Pol)
u = 1115.04 + 0.02 MeV/c?
o = 2.38+ 0.02 MeV/c?
Signal (+3c): 17290 entries
Background (+30): 3186 entries
S/B=543

10°

Counts
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Analysis Procedure: A and K™ selection

« A Selection:
* Invariant Mass of psecondary + T

» 30-cut on invariant mass peak
« K™ Selection:
* Missing mass squared of pyimary + Psecondary T T

« Take events with MM?2 > 10° (MeV/ CZ)Z

@ -
S 400 —
(e} —
O —
350 —
- 300—
primary background channel: =
+ - 250 —
— T T —
PP — pp = -
200 —
150 —
100 x | >
50— M
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~400  -200 0 200 400 600 800 1900
Missing M(p_  +A) [(MeV/c)’]
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Analysis Procedure: A and K™ selection

e A Selection:
* Invariant Mass of psecondary + T

» 30-cut on invariant mass peak
« K™* Selection:

Missing mass squared of pyrimary + psecondary + T
Take events with MM? > 10° (MeV/cz)
% 400 — i _
8 - § 10° [1£30] = [1107.5, 1122.6] Me¥ig Bata
- o = Total fit (Gaus + Pal)
350 . o T ] e Signal (Gaussian)
— I P TR PR Background (Pol)
= 10 = i = 1115.07 £ 0.02 MeV/c?
300 = o = 2.514 0.02 MeV/c?
R - Signal (+30): 18021 entries
— I~ Background (£3c): 1427 entries
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— >
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150 — B
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100 — 5 -
E 1=
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-400 -200 0 200 400 65)0 800 41900 A
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Results Evaluation: A yield and S/B ratio

« A Signal for tracks

« Selecting events only in HADES removes a large amount of good signal
Can be improved by:
 Including forward detector information
« Allowing missing particle

* Primary/Secondary proton assignment loses ~15% of hyperons:
Need for a higher resolution on vertex reconstruction

12

T
S/B Ratio

10° 10

Signal Events (30)

10°

2
10* &= | | | | | | |  — \ | |

PreCuts  After Multiplicity After Momentum  After DeltaT  After VixFit  After POCA  Kaon Region ciitist 0 Pre Cuts After Multiplicity After Momentum  After DeltaT After Vix Fit After POCA Kaon Region
ut Stage

I \HHH‘

Cut Stage
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Next Steps:

» Kinematic fit (in progress)
* Including forward detector information

* Use simple machine learning model (MLP) to optimize selection cuts
using simulations (Simon Spies PhD)
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An Aside: JLab-HYDRA QA System

« JLab-HYDRA is a real-time machine learning QA system developed at JLab
* Implementation for future CBM experiments carried out by Sachin Gupta (FFN)
» Testing on hades-ga machines on previous HADES data pulled from webQA upcoming

e More news in time
© HYDRA clo3p =
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— Beam Status: OFF | Run Number: 22004 | Last Update: 6/4/202563958 AM @  &11sago  iogan it |
I No Model [l Good [ Ead [ WoData Sen Grafana run histary
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Tiis piut type has 2 20 piot

T

P g T et B il !ili mu:
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Backup: START Detector Corrections and Flags

Average AT of all 4 tracks
assuming pp — ppmt* T~ reaction

Vertical AT band
positive track wrong PID
n* candidateise™, u*, or K*
p candidate is d or K*

(AT + AT+ + AT, + AT, )/4

= A
— < ~ A -
>S5 4 :
g F g
S e o
< 3 G
Low angle shifted AT diagonal ol b |
negative track wrong PID = - |
n~ candidateise™, u~, or K~ = .
1 oF: o
Tl E
45 degree AT diagonal 2E

All tracks equally shifted AT

Globally shifted START time A-

_5_5

Can be corrected by removing average
AT of all four tracks to each AT measurement
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Backup: START Detector Corrections and Flags

lteration 3 ;
iTOF START information lteration 2
used to improve resolution _Poor START time
1. iTOF not considered

5 |

10*

5
-

AverageA T
.
Average A T
N

10° 2

| i’| Lol

\I\IIII‘ ﬁﬁ.‘l\lll\d [ 1 Bl

I\I|1II\|H\\‘\\H‘HH‘IHI‘II\I|\III|IIII|II\I

v I-.I'|.|L'J'r'I'J-'J.H-I.|'I\"I-:.j.LHI'Il|l\HI|H-\I|IHI|IIII|HII

0
- “ -. 102 0

_1 :ﬂ-::'!:: : -1 10—1
_2 ...L o =|
3 10 " :
- il : -'... -4 fﬁ.ﬁf
75 ) \-:‘- !'-I- \-ﬂ | I'I-I -I -I Lk I- 1 | L1 \:-l-.’- \- 11 F I o | | L111 I | I | | I | 1 75 Pl -\.-| | | L1 | | I | | L1 11 ‘ S . N ‘ L1 11 ‘ 34—} ‘ | ‘ i ‘ Y 10—2

-5 -4 -3 -2 - 0 1 2 3 4 5 5 -4 -3 -2 0 1 2 3 4 5

AT, [ns] ATy [ng]
i 1)
Good START” cut

removes lteration 2 events
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Backup: START Detector Corrections and Flags

CorrFlag 2
CorrFlag O CorrFlag 1 hits from both LGAD
hits from LGAD module 0 hits from LGAD module 1 module 0 and 1at once
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RMS

Backup: RMS all tracks

Lines at shifted RMS«V/3

one track from other event with
different START (pileup)
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10

Shifted START due to
globally shifted START time
for all tracks

_
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Backup: RMS all tracks

10°

10°
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Backup: RMS pK™ A candidates
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Analysis Procedure: Primary vs Secondary Proton

:

p—>

DOCA (pprimayK+) ~0 K*

e Calculate the distance of closest approach (DOCA) of
the two primary proton-K* and secondary proton-nt~ hypotheses

e Calculate XDOCA? = DOCA (pK+)2 + DOCA (pﬂ_)z

« The hypothesis with lowest ZDOCA?
assigns primary and secondary proton
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