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Hyperons vs. Nucleons

What if we add strangeness?
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Describe non-point-like character of particles, \32
dependent on four-momentum transfer g
—  Coupling of photon to hadron B\ /Es2
Nucleon: Electron scattering FF

e Space-like (g < 0) region Ay

o Fixed target experiment

Challenge of hyperons: They are unstable!

B, B,
— Study Dalitz decay \ /
FF

@ Makes hyperon-hyperon TFF accessible

e Time-like (¢° > 0) region Y

This has never been measured before!
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PANDA @HADES - Setup for pp @ 4.5 GeV Beam Time
in Spring 2022

dedicated to hyperons

Forward Detector

Start
Beam T
0.5° H STS1  STS2
Target
Veto -7
Straw Tracker

1 meter
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The HADES Feb22 Beam Time

pp collisions at 4.5 GeV beam kinetic energy

Hyperon campaign

see also talk by Konrad Sumara:
"Production and decays of hyperons in p+p reactions measured with HADES”, Tuesday

Total of 488.25 hours of data taking
@ Total amount of data collected:

41 G Events (all triggers)
683973.7 GB
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The Standard
— pp Elastic Scattering —

Many exeriment parameters are still unknown but we know the
physics...
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pp Elastic Scattering o
P — (P
A well defined reaction p
Kinematic relations N\
pbeam

P st (14 tan6242,,)
1
tanfy - tanf, = = 0.29429

— =
YoM
Y2 = |].80o — (,01|
With a lot of existing data op elastic cross section
o 70F
€ £
from SAID database < Sofgﬂl
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What can we learn from it?

@ Online monitoring

Coplanarity: HADES and Forward Track Coplanarity: Two HADES Tracks
‘§5°00;_ éligg HADES
1000 HADES %20 Feb22 Dat

E Feb22 Data € ata
3000F 1000
F 800
2000" 6005
10005— 400
b 200F
60765770 175 180 185 190 195 200 50165170 175 180 185 190 195 200
Agin deg Agin deg

ity 13 Selection:

tanf; -tan8, = 0.294 + 0.1 tanf; - tan 0> = 0.294 £+ 0.015

8/26



Motivation pp @ 4.5 GeV Beam Time The Standard — Elastic Scattering The Unknown — Hyperon Form Factors Conclusion
oo 0o 0000000 000000000000 oo

What can we learn from it?

@ Online monitoring

Number of elastics [l/event * 1000]
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What can we learn from it?

@ Online monitoring
o Calibration and quality assurance

see also talk by Gabriela Perez:
The new Forward Tracker System for the HADES FAIR Phase-0 experiment”, Wednesday

From elastic scattering kinematics: p = Pbeam
g P= s 0-(1+tan 0242, ,)

) pvs. 6inlab pvs. 6inlab
o7 o
35 >
o HADES 10 G Sk HADES 103
— . . c F
a4 Simulation a 4f Simulation
3 10° 3+ 10°
) . | i3
A 10 E 10
Something g £
wrong:-here!! ¢ — : E -
50 60 70 80 Qfmnst . 3
0in deg 20 30 40 50 60 70 80 1

Corrected geometry
Elastic scattering, both protons detected

10/26



Motivation pp @ 4.5 GeV Beam Time The Standard — Elastic Scattering The Unknown — Hyperon Form Factors Conclusion

[e]e] [e]e] 0000080 000000000000 [e]e]
Forward
What can we learn from it? @/’Detector
P — (P
@ Online monitoring ¢©
o Calibration and quality assurance H\ADES
@ Normalization — luminosity determination
pp elastic cross section
o 70F
S E
£ 60F !
5|c E —— 415GeV
©IT 50 4.65 GeV
40§_ —— 4.5 GeV, extrapolated . ZOO m
L
30 N E 3 + —— 4.15GeV
E o 30F T -~ 465GeV
20E | 1 'ol'o 25 : "{_] . —— 4.5 GeV, extrapolated
10 M 20 +i|“_]~
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Normalization o e
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—— 4.5 GeV, extrapolated
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Normalization  Cross Section o
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Measurement By in °

[o]e] [e]e] 000000 000000000000 HADES [e]e)
What can we learn from it?
@ Online monitoring ‘E/
@ Calibration and quality assurance kp/ — @/
@ Normalization — luminosity determination (E/
@ pp elastic cross section measurement
pp elastic cross section HADES
£ °E
fc 605 : —— 415GeV
S8 s0F 4.65GeV
40F {% —— 4.5 GeV, extrapolated Zoom
o B
30
201 % — Amaev

o

Integrated cross section from /-,y = 55 — 90°= 0. 04+8:8% mb
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The Unknown

— Hyperon Form Factors —

B, B,
N
FF

Now the experiment is known and we can explore unknown
physics ...
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The X9 Hyperon

Mass: 1193 + 0.024 MeV
Mean life: (7.440.7)-1072°s
@ @ Decay mode | Branching ratio
Ny 100 %

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

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

v

Dalitz Decay — Challenges

o Y% — A mass difference  (only 77 MeV)
= low dielectron (eTe™) mass

o Large background from ¥° — Ay
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Simulation
p p +
\ / /e / P
> 30 — > A

P/ \ K+ \e_ \ﬂ'_

Particle identification

Simulated signal
All Tracks

@ 1000000 events ”‘“1; es K+
@ 4.5GeV beam kinetic energy ok
@ Uniform phase-space osf
population e
0z
G’ I

L L " L 1 1 1 Il
-1000 0 1000 2000 3000 4000 5000
P, Xxqin MeV
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Reconstruction Strategy |
P p
~, " ) A
— > Y0
7 e O

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

Analysis Strategy |
Inclusive reconstruction of ¥0 — Aete™

O Reconstructed particles
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Strategy I: A Reconstruction

Vertex fit in secondary vertex

) A
0 O

e A production vertex from et and e~
@ A decay vertex from p and 7w~
@ 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
17/26
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Strategy I: Y° Reconstruction

3C Fit Probability

Finally: Build X° from Aete™
Selection: wl
(] P(X2) > 1 % -P Yy

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

01 02 03 04 05 06 07 08 09
P@?)

3% Mass
Jo] F ' :
o 60— :
o E :
@ F :
50— ; —— = affter fit
E —— Probability cut applied
401~ i
30( i HADES MC study
20F 1
10f
; P | - \ s = ) dlm no
‘P1 00 1150 1200 1250 1300 1350

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

some
material

Dalitz decay: Photon conversion:

pp — pKTE0[AA]
o Cross section pp — pKtx9%: 23.5ub
V. Flaminio, et al., (1984), eprint: CERN-HERA-84-01
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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Reconstruction Strategy |l

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

Analysis Strategy Il
(almost) Exclusive reconstruction of pp — pKTZ%[Aete ],
et constructed by kinematic fitting

O Reconstructed particles
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Strategy Il: A Reconstruction

Vertex fit in secondary vertex

e Y0 decays in interaction point, A in secondary vertex
e Find two vertices from p7~ and pK™
@ A direction is given by vertex positions

e 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
A candidate from vertex fit
p, KT and e~ measured

Determine e momentum by kinematic fit

O Missing particle

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

Finally: Build X° from Aete~

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

1% F a8 F
5 120F —no selection| 5 1401
s °F 2519 3. F
° r —PA)>1% ® 120k — no selection
100F F — all selections
£ 100~
£ 80f-
60 nary r HADES MC study
[ 601~
401 aof
201 200
| I NN I ri-itbu| 0 B L L
1%00 1050 1100 1150 1200 1250 1300 1350 0 10 20 30 40 50 6
M, o [MeV/c?] =% polar angle in °

Conclusion
oo
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Strategy Il: Most Prominent BG: ¥° Radiative Decay

pp — pKTX0[AA]
e Cross section pp — pK+T¥%: 23.5 ub
V. Flaminio, et al., (1984), eprint: CERN-HERA-84-01

e Fraction that passes the 9 Dalitz selection criteria: 4.5-1075
(886 of 20 million)

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

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

@ Detected particles: @ Detected particles:
e, e, p, p, Kt e=, p, ™
@ Very good background supp.: @ More signal, more background:

S _ S _ s _ S _
=91 5=92 s =17, 5 =048

@ Counts/day: 15 o Counts/day: 152

o 2
17 Mass S 120) [ — no selection
2 3L P2)>1%
s 100
sof- — arer a0l | oES MO suay |
—— Prosabity cut appied
o 60f- [prefiminary
30) HADES MC study ol | ,.L
20
- . i
Tof- | ) . ]
) (I I oo™ iob gD a0h TEE0 oo 250
L I R - R R oo
M, ,, [MeVic']
21a0F 1
2 g
o ook — o selecton
s n al selections
12 100 [l
10F- sof-
o HADES MG stucy
HADES MC study 60 J
of T preliminary
Sl preliminary 401
3 = I
2 [ 20
| )L
, , , , Tz 3
70 20 30

0 50 4050
° polar angle in * 3 polar angle in 2526
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Conclusion

At First: The standard, elastic scattering
Understand the data

Calibrate the data

Normalize the data

Analyze the data
Then: The unknown, Y% Dalitz decay
@ Do analysis on Feb22 beam time data

@ Measure the X0 Dalitz decay!

P @%@%\

HADIES
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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 g
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

10

O@0000
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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 — pKTEZ%[— 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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Kinematic Fitter for HADES Software

Suppose there are N measured and M unmeasured variables related
by K constraints

fk(7717 2, 1N, 517 €27 gM) =0. (]‘)
Goal: Minimize x2(1) = (y —1) " V(y)(y — 1) under those K

constraints
Procedure: Introduce Lagrangian Multiplliers A

(.62 = (y =) V() (y —n) +2ATf(n,£) = minimum (2)

y: Measurements, V/(y): Covariance matrix of y
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4C Fitter
Constraint equations for N particles:
N
i = Z Pn - Sin¥,cos p — Py, =0
n=1
N
fr = Z Pn - sind,sing, —py,. =0
n=1

N
5= pn-costly — pz, =0
n=1

N
fa= \/P2+m2—Epn=0
n=1
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The Fitting Procedure — Minimization

X2 minimization will result in N + M + K equations:

Vx> = =2V Yy —n)+2F A =0
Vex® =2F A=0
Vax? = 2f(n,€) =0
where F; and F¢ are defined by
of; of;

(Fy)ij = oy (Fe)ij = %

—Solve in iterative procedure

00000e
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