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Motivation

 The study of electromagnetic currents in
hadronic processes and baryon decays via their

dilepton decay channels is still not fully v
understood. e

- The electromagnetic structure of the lowest lying
excitation of the nucleon, the A resonance,
remains of particular interest.
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« This 1s accessible via radiative transitions such as
A—AY with real or, preferably, virtual photons .

1. S. Schumann et al. (The European Physical Journal A 43.3 (2010), pp. 269-282).
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Motivation

* The first challenge 1s to understand the
production mechanism and reaction dynamics

of different N and A states in pp — NNT. p \

* The second challenge lies in the identification of
(mostly) low-mass dilepton pairs.

* The main aim of the analysis presented in this talk / N
1s to extract differential cross-sections for the p
exclusive A channels in proton-proton collisions at
4.5 GeV.

p+p —pA" —pnr’
p+p 2 nAT" - npr”
p+p = ATTAY 5 prtpr

* Good basis to compare with theory for
understanding the internal structure through P
radiative transitions.

A+t

* Also as reference to heavy ion reactions.




r HADES-High Acceptance DiElectron
Spectrometer

* Versatile magnetic spectrometer located at GSI
Darmstadt. =R 4 Pk

STS I

MDC IV

MDCIII
* Can measuring wide range of charged particle final

states, has excellent e"/e” reconstruction. e MDC I
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Analysis Details

« Only Tracks in HADES, no Forward Detector used.

- Events selected with exactly 2 positive and 0 negative tracks.
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Analysis Details- -

« Only Tracks in HADES, no Forward Detector used.

- Events selected with exactly 2 positive and 0 negative tracks.
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PID Procedure

For each event, four track combinations are
evaluated:
- — -
pp, P, TP, T T

Relative Time Difference (AT) = reliof tracki -
I'eltof_traCkZ ,
Where reltof — tOfmeasured — tOfexpected taklng
proton,pion mass.

For each event, four AT values are calculated
corresponding to the four possible track combinations.

The track combination with the smallest absolute
value of AT 1s chosen to identify the PID of the two
tracks.

Optimum cut value on AT found by comparing the

statistical significance for the missing neutron peak,
which is found to be |AT| < 3.2 ns.

12
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PID Procedunre

Vs+B

vs |AT| cuts for missing n peak

E 48 C
* For each event, four track combinations are o
evaluated: \\
o+ o+ a8
pp, P, TP, T T :
45—
* Relative Time Difference (AT) = reliof racki - -
I'eltof_traCkZ , -
. 43 __ 3.2 ns
Where reltof — tOfmeasured — tOfexpected taklng E //
proton,pion mass. P S Y S 7/ Y S 1%
e x10~
(&) :
* For each event, four AT values are calculated > F
. . . . = 600[—
corresponding to the four possible track combinations. & F
£ 500
% = Gaus+Pol2
* The track combination with the smallest absolute © 400~
value of AT is chosen to identify the PID of the two 300 ] i
u 3
tracks. 500 \
* Optimum cut value on AT found by comparing the F
statistical significance for the missing neutron peak, -
% Eoo 9000 7800 2000

which is found to be |AT| < 3.2 ns.

MM (p+7r+) [MeV/c?]
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Neutron Selection
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Select missing neutron by applying mass window of
900<MM(p + 1) <1000 MeV/c? for Dalitz plot
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Dalitz Plot

* Dalitz plot for npm* final state between M*prt*vs M*nmt™.
* count rate, without correcting for acceptance and background subtraction.

— 8
o —~900 O
o [ =
> 71 g
ot . —800 =
O [ acceptance cut for 6, < 15 »
£, B o —700
o fE [
50 —600
B 500
4
- 400
3
& 300
o
K 200
s 0 100
- acceptance cut for 6+ <15
_I L1 1 I | I I | I | | | I | | | I | I I |
% 1 2 3 4 5 6 P .
M5 [GeV7/cT]




2 |
Dalitz Plot

* Dalitz plot for npm* final state between M*prt*vs M*nmt™.
e count rate, without correcting for acceptance and background subtraction
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Dalitz Plot
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\ Dalitz Plot
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Dalitz Plot
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Dalitz Plot
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A™ Suppression
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A™ Suppression
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Sideband Analysis of the Dalitz Plot

» Take sideband around missing neutron mass.
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Sideband Analysis of the Dalitz Plot
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Sideband Analysis of the

‘Dalitz Plot
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Sideband Analysis of the Dalitz Plot

» Take sideband around missing neutron mass.
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* KinFit- a kinematic fitting package based on Lagrange Multiplier technique.

Kinfit Missing Mass Constraint
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* KinFit- a kinematic fitting package based on Lagrange Multiplier technique.

Kinfit Missing Mass Constraint

* For scaling the kinematics of the sidebands, momentum constraint for missing particle (the
neutron) was applied

28
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* KinFit- a kinematic fitting package based on Lagrange Multiplier technique.

Kinfit Missing Mass Constraint

* For scaling the kinematics of the sidebands, momentum constraint for missing particle (the
neutron) was applied.

* The four-momentum of the missing particle can be extracted after the fit.

29
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Kinfit Missing Mass Constraint

neutron) was applied.

The four-momentum of the missing particle can be extracted after the fit.
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Kinfit Missing Mass Constraint

Can be thought as the 1C fit is shrinking the momentum of lower sideband to lower values and stretching the momentum of the upper
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Kinfit Missing Mass Constraint

Sideband Subtracted np7t™ final state Dalitz plot.
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Kinfit Missing Mass Constraint

Sideband Subtracted np7t™ final state Dalitz plot.
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Before and After
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Conclusion and Outlook

Clear identification of exclusive three-body channel: pp — pn7t™ with very high statistics, good S/B ratio.

Kinfit and Sideband Subtraction was tested.

Work on optimisation of the sideband windows.

Study MC simulations of the reaction to get a measure of acceptances and efficiencies.
Use Forward Detector to cover even the missing pieces in the Dalitz plot.

Do a Partial Wave Analysis of pn7t™ final state.

Analyse the dilepton decay channel of the N and A resonances

37
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Conclusion and Outlook

* Clear identification of exclusive three-body channel: pp — pnnt™ with very high statistics, good S/B ratio.

* Kinfit and Sideband Subtraction was tested.
*  Work on optimisation of the sideband windows.

» Study MC simulations of the reaction to get a measure of acceptances and efficiencies.

Use Forward Detector to cover even the missing pieces in the Dalitz plot.

Do a Partial Wave Analysis of pn7t™ final state.

Analyse the dilepton decay channel of the N and A resonances

A Thank You A
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Fig. 2. Bremsstrahlung and A-resonant contributions to Nw+’
final states for pion photoproduction (a) and pion scattering
(b). Only diagrams (a3) and (b3) are sensitive to the magnetic
dipole moments pa.
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Backup

R 1'5— ®=325..375 MeV. W = 1221...1259 MeV| & 2 C 0=375..425 MeV, W =1259...1295 MeV o 3 F @=425..475 MeV, W=1295...1331 MeV
C i 2.5F
T 5 2b
- - LSE
0.5 IE
; 05
oF 0F
| R o Lo b v v b b w by s iy b T T O S T A T T T T O T T ROV Coaa b o Ty oas FI ) N T o O [ L ]
0 40 80 120 160 200 0 40 80 120 160 200 0 40 80 120 160 200
®' / MeV @'/ MeV @ / MeV

Fig. 18. Cross section ratio R at different ranges for beam energy w and total c.m. energy W, respectively. Black points
represent Crystal Ball / TAPS results, white squares are results from ref. [19]. Error bars denote statistical errors, grey shaded
bands show absolute systematic uncertainties. Black lines are theoretical predictions (using &+ = 2.6) of the unitary model
from ref. [33] (dashed line) and the yEFT calculation from ref. [35] (solid line).
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Appendix D: U-NET

* U-NET is an image segmentation
. . . . input
algor.lthm Tw'fhu:h was_ongmally designed mage foe olofo] 2Bt
for biomedical uses in the ISBI challenge A4 ]| mee
for segmentation of neuronal structures in EE A
electron microscopic stacks/®l, - I
* The architecture relies heavily on the use |]‘H
of data augmentation and is strong with . ' t i
training on small datasets. -. I _I f' 3 [H"I Bics . <
- ¥ . : t = == copy and crop
* Segmentation of a 512x512 image takes l*l"! — - it
less than a second on a recent GPU. e S — = cONY 1l
Figure 8:U-net architecture (example for 32x32 pixels in the lowest
resolution). Each blue box corresponds to a multi-channel feature map. The
number of channels is denoted on top of the box. The x-y-size is provided at the
lower left edge of the box. White boxes represent copied feature maps. The
arrows denote the different operations. Image and caption sourced from Ref [9].
[9] U-Met: Convolutional Metworks for Biomedical Image Segmentation, arXiv:1505.04597, Last accessed 02-07-2024,

<number>
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Branching Ratio for A* — pe*e™ is 4.2 X 107
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Backup
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Motivation

* The main long term aim of the analysis is to do a feasibility

study of the radiative transitions of the A as they provide
insights into their electromagnetic structure.

W/ MeV

 The magnetic moment of the A", p,+ = 2.73'3 (stat) = 1.5

(syst) + 3.0 (theo) u "' has large theoretical uncertainty ,;,
due to model ambiguities.

A — Ay' transition within
the resonance width!"

|

|

* Virtual photon (dilepton) transitions may provide a less i
model dependent extraction of the magnetic moment L) E— L

exploiting a measurement of the spin-density matrix
elements (SDME).

1. S. Schumann et al. (The European Physical Journal A 43.3 (2010), pp. 269-282).




Sideband subtracted
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Backup

 First calculate relyr = tofieasured — t0fexpected taking proton,pion and

X
f 2 2
L P +M PDG 1.
deuteron mass where tofexpected =

' p

* For each event find the least value of rel,,r and compare 1t with
the tofexpected fOT €ach particle.

* The matching rel;,s for that event is assigned the corresponding
particle PID.
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rely, (ns)

* Plotting relios track1 VS reliof tracko fOr the 4 cases.
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Backup

* Plotting relios track1 VS reliof tracko fOr the 4 cases.
pp prc*

rely, (ns)

relm,ﬂ (ns)

10

relm,ﬂ (ns)

10°

Y
relw,p‘ (ns)5

After applying AT| < 3.2 ns cut

rel,,,,‘_2 (ns)

49



rel‘o,“ (ns)

Backup

* Plotting relios track1 VS reliof tracko fOr the 4 cases.
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