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Form Factors

B
Y /1

~~~ FE
Describe non-point-like character of particles, \\Bz

dependent on four-momentum transfer g
—  Coupling of photon to hadron B\ /B2
FF

Nucleon: Electron scattering
@ Space-like (g% < 0) region
o Fixed target experiment

Challenge of hyperons: They are unstable!
—  Study Dalitz decay

@ Makes hyperon-hyperon TFF accessible
e Time-like (¢% > 0) region
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The ¥° Hyperon

SO UUP) =1(3")
, Mass: 1193 + 0.024 MeV
~ Mean life: (7.440.7)-107%s
@ @ Decay mode | Branching ratio
Ay 100 %

Ay~ <3%
' /\e+e_ 5 . 10_3unmeasured

P.A. Zyla et al.(Particle Data Group), Prog. Theor. Exp. Phys.2020,
083C01 (2020)
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¥ Dalitz Decay

Challenges
Motivation e Y% — A mass difference
@ Large branching ratio (only 77 MeV)
@ Not measured before = low dielectron (eTe™)
@ Transition form factors mass
accessible @ Large background from
Y0 = Ay

Great tool to attack those challenges: HADES/PANDA
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GSI and FAIR

HADES @ GSI:
The dielectron expert —
e+

/\

GSI Helmholtzzentrum fiir Schwerionenforschung,
D. Fehrenz, April 2021
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Linear Accelerator Ring Accelerator

UNILAC SIS18

Fragment Separator
FRS

Experiment and
Storage Ring ESR

-~ Experiment and
-~ Storage Ring CRYRING

Main Control Room

Halls

100 meters

PANDA @ FAIR:
<— The fast proton expert

@@/p
0 g

@ Located in Darmstadt, DE
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PANDA @HADES - Setup for pp @ 4.5 GeV Beam Time
in Spring 2022

dedicated to hyperons

Forward Detector

. ,
o
0.5° T H STS1  STS2
4
,
/ Straw Tracker
1 meter
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Simulation

Simulated signal
@ 1000000 events
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@ 4.5GeV beam kinetic energy = /s = 3.5 GeV
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Simulated signal
@ 1000000 events

Simulation Study Conclusion
0®00000000 oo

A A
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@ 4.5GeV beam kinetic energy = /s = 3.5 GeV

Analysis Strategy |

Inclusive reconstruction of ¥% — Aete~
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Simulated signal
@ 1000000 events
@ 4.5GeV beam kinetic energy = /s = 3.5 GeV

Analysis Strategy Il
(almost) Exclusive reconstruction of pp — pKTX°[Aete],
et constructed by kinematic fitting
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Strategy I: A Reconstruction

Vertex fit in secondary vertex

/./@

@ A production vertex from e and e~

@ A decay vertex from p and 7~

@ A direction is given by vertex positions

@ Kinematic fit ensures 4-momentum conservation in secondary

vertex to reconstruct A momentum

Kinematic fitting software developed in Uppsala
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Strategy I: ¥° Reconstruction

Finally: Build X° from Aete~

e P(x*)>1%

@ 1170MeV/c? < my < 1216 MeV/c?

@ In peak after fitting, selection:

events

HADES Simulation Study Conclusion
oo 0000e00000 oo
92
3% Mass

60
503— —— 2 after fit

F Probability cut applied
40
30 HADES MC study
201~ P

;
10—

R S P 00 SO R Pl Py [ e v
9100 1150 1200 1250 1300 1350

M, oo [MeV/c?]
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Strategy |: ¥° Radiative Decay as Background Source

pp — pKTEO[A~]
o Cross section pp — pKt¥0%: 23.5ub

o Fraction that passes the ¥.° Dalitz selection criteria: 5- 1078
(1 of 20 million)

e Corresponding S/v/S+ B: 9.1

Very good background suppression by kinematic fit
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Strategy Il: A Reconstruction

Vertex fit in secondary vertex

o Y9 decays in interaction point, A in secondary vertex
e Find two vertices from pm~ and pK™
@ A direction is given by vertex positions

@ Kinematic fit in secondary vertex to reconstruct A momentum

Kinematic fitting software developed in Uppsala
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Strategy ll: e™ Reconstruction

Get et from pKTAe~ missing 4-momentum

Initial 4-momentum is known
N candidate from vertex fit

p, KT and e~ measured

Determine e momentum by kinematic fit

Kinematic fitting software developed in Uppsala

15/19



59 and its Dalitz Decay HADES Simulation Study Conclusion
0000 oo 0000000000 oo

Strategy Il: ¥° Reconstruction

Finally: Build X0 from Aete~

Selection criteria:
e P(x*)>1%
o 1150 MeV/c < my < 1250 MeV/c2

1% F a8 F
5 120F —no selection| 5 1401
3 °F 2519 3. F
© —P2)>1% ® jo0k- — no selection
1001~ F — all selections
[ 100[
£ 80F-
50} ol HADES MC study
B
20 20}
(S I PR izl 0 e L
1%00 1050 1100 1150 1200 1250 1300 1350 0 10 20 30 40 50 60
M, o [MeV/c?] 5% polar angle in °
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Strategy Il: Most Prominent BG: ¥° Radiative Decay

pp — pKTE0[A~]
o Cross section pp — pKt¥0%: 23.5ub

o Fraction that passes the Y0 Dalitz selection criteria: 4.5-107°
(886 of 20 million)

e Corresponding S/v/S + B: 11.5
@ Phase space largely overlapping

Apply background suppression selection
@ Electron production vertex and hit structure
e Signal: -18%; BG: -76 %
o New S/V/S+ B: 17
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HADES
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Strategy | and Il

Strategy |
@ Detected particles:

e, e, p,

@ Very good background

suppression
o Counts/day: 15

3° Mass

ovents

50 — atertit
—— Proabilly cut appled
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Simulation Study
0000000000

Strategy Il

@ Detected particles:
p, KT, e, p,m"

@ Full reaction

Conclusion
[ 1)

@ More signal, more background
@ Counts/day: 152
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Outlook

Feasibility Study
@ Fine-tune selection
@ Optimize background suppression

Data
@ Prepare detector and software for data taking in 2022
@ Perform the measurement
o Get lots of exciting high quality data!
. and analyze them

Future
@ Can this be done better with PANDA?
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Strategy I: Most Prominent BG: ¥° Radiative Decay

Find background suppression criteria

Enties 1153

StdDev 05772

StdDev  0.6574

IsPrimaryVertex Richind

o F £ 700
g £ 700F
8 900 s
m E Entries 600
800 Mean 08239 E
E Std Dev_ 0.3809 F
700 500
6005 400F-
500 300
400 2000
300F- 100

2005 0 | 0 | | | | | oE |

02 04 06 08 1 12 14 16 18 2 4

Cut on RICH index > 0 and isPrimaryVertex ==
Signal: 1153—947; BG: 886—209
New S/B: 0.477
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Expected Count Rates

Luminosity £ = 1.5-103! cm~2s—1 (beam time proposal)
Cross section o(pp — pKTX°) = 23.5ub

Branching ratio BR(X? — Aete™) =5-10"3

Efficiency and Acceptance (e - A- BR(A — p17))
=9.968 - 10~* (exclusive pp — pKTZ%[— Nete])

= 0.684 - 107> (inclusive £ — AeTe™)

pp — pK*E°[— A(e*)e™]/day

NLHZE-U-BR-(GA)~t%152

Y0 — Aete /day
NLH:,C-U‘BR-(GA)-tQJ].5
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