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Goal of the analysis

First experimental o-Ps Dalitz plot determination
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Outline

e Run-5data analysis:

— 3 hits and 4 hits selection

e Monte Carlo simulations:

— signal (0-Ps— 3vy)
— background (e*e” annihilation + scatterings)

e Preliminary fits
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Run-5 data analysis

Small Chamber measurements: ' | ‘ -

B* source: sodium-22 (*Na — *Ne +e*+v,_)
porous material: amberlite polymer XAD-4 o
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Run-5 data analysis

Hits in the scintillators:

— 3 hits: ys from the o-Ps decay (signal)
— 4 hits: 3 ys from the 0-Ps + prompty (signal)

Analyzed sample: 996 data files - ~8 h
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Run-5 data analysis

Hits in the scintillators:

— 3 hits: ys from the o-Ps decay (signal)
— 4 hits: 3 ys from the 0-Ps + prompty (signal)

Analyzed sample: 996 data files - ~8 h
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3 Hits Selection

CUT 1: selection based on the energy deposited in the scintillators (using the TOT information)

MC simulations data

I | Entries  2.75556€+08 |

X

—_

o
w

><_1o3 [ E,=511keV (e'e) e
E,= 1160 keV (¥Sc) :f 9000
E, = 1270 keV (%Na) 8000
2 7000
§ 6000

5000
4000
& 3000
2000
1000

3

Events/2 keV
3

(4]
o

AT TTTT[ITIT[TTTT
FRILITE LT

T

EER
|

of
o

L1 Il L I I I | 11 - ‘ T -
10 30 40 50 60 70 80
Eqep [keV] TOT (ns)

TOT1 <25ns & TOT2 <25ns & TOT3 < 25ns

g
g
o

Dalitz plot determination for the o-Ps — 3y decay with J-PET Raffaele Del Grande 7



3 Hits Selection

Hits: (x, yHit ZHit 1)y Using the coordinates of the 3 Hits the decay plane is found.

CUT2: The decay plane has to contain the annihilation point
O =(0,0,0)
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3 Hits Selection

CUT3: The three photons are emitted at the same time

e distance from the annihilation point
ri = Sqrt( XiH|t2 + yiH|t2 + ZiH|t2 )

e annihilation time determination fory.

t. = tiHit -r/c

o ta=7"s(tal +ta2 +tal)

0, = sart(¥A [(t, - .2 + (t, - )+ (t, - 1))
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a
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3 Hits Selection

CUT4: Momentum conservation (6,,< 6,,<6,,)
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3 Hits Selection

Dalitz plot and 6,, vs 6,

Photons are ordered by annihilation time: 't
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Monte Carlo simulations

1. Signal:
0-Ps —v,v,V, (Hit, , Hit, , Hit,) = (v,, Y, VY;)

2. Background 1:
0-Ps — v, v, Y, * scattering (Hit, , Hit, , Hit,)) = {(v,, v, ¥3) (Y4 VoY) s ooen )

3. Background 2:
e'e —vy,y, *scattering (Hit, , Hit, , Hit)) = {(v,,v,, ¥5), (Y, ¥, ¥ )y e }
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Monte Carlo simulations

1. Signal:

0-Ps —v,v,V, (Hit, , Hit, , Hit,) = (v,, Y, VY;)
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Monte Carlo simulations

Entries 9482

(Hit, , Hit, , Hit,) = (v, . Y,,Y;)

Check: energy-conservation
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Monte Carlo simulations

1. Signal:

o-Ps — AAA

Entries 9482
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Monte Carlo simulations

1. Signal:
0-Ps - vy, VY, Y,

(Hit, , Hit, , Hit,) = (v, . Y,,Y;)

Additional requirement: E, +E, + E; > 1020 keV

Additional requirement: [p, +p, +p,|<0.2keV/c
|p1y P, * p3y| < 0.2 keV/c
Ip,, + Py, + P3| < 0.2 keV/c

2. Background 1:
0-Ps — v, v, Y, * scattering

3. Background 2:
e'e —vy,y, *scattering

Dalitz plot determination for the o-Ps — 3y decay with J-PET
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Monte Carlo simulations

Efficiencies:

The same cuts used for the data are applied (except for the cut on the TOT):

1. decay plane contains the annihilation point — |d|<2cm
2. same time of annihilation for the 3 y — o, < 1ns
3. momentum conservation for 3y fromo-Ps — ©6,,+0,,>180
4. E_., > 50 keV (threshold)
p
Signal: Backaround 1: Background 2:

1 x 10® generated
24202 detected
9413 selected

8
- 1x10° generated - 1x 108 generated
- 1400 detected - 13347 detected
- 1400 selected - 1356 selected
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Monte Carlo simulations

Expected number of 0-Ps — 3 y events:

N .= Axf « eff « t

o-Ps 0-Ps—3y

A = annihilation rate = 10° for 10 MBq source and Edep > 50 keV

fo—Ps—>3y = 28.6 % (in porous polymer XAD-4)
eff=1.4,10"

t =29221 seconds (~ 8 hours) — 996 data files

— N
o-

s = 117000 (about 8% of the events)
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Monte Carlo simulations
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Counts /(5 ps)

Monte Carlo simulations
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0,5 - 0, (deg)

Monte Carlo simulations
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Monte Carlo simulations
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Counts / (3 deg)

Fit of the data

Simultaneous fit of 6 distributions
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Fit of the data

o

Simultaneous fit of 6 distributions
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4 Hits Selection

Same cuts as before but:

CUT 1: selection based on the energy deposited in the scintillators (using the TOT information)
also for the prompt y

Photons are ordered by annihilation time: t <t <t <t

data

MC simulations
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4 Hits Selection

Additional Cut — Selection based on the o-Ps lifetime

In vacuum:
° direct e+e- annihilation ~ 400 ps
° para-positronium lifetime ~ 125 ps
° ortho-positronium lifetime ~ 142 ns

lifetime = ta -t > 10 ns

a0

Dalitz plot determination for the o-Ps — 3y decay with J-PET
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4 Hits Selection
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Next steps

e Monte Carlo simulations for the scatterings in the small
chamber

e |nclude the detector time and energy resolutions

e Same procedure for 4 hits events
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