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Outline

@ Spin observables

- Channels to be studied
- Accessible observables
- Analysis methods

@ AN @ 1.642 GeV/c

- Efficiencies
- Acceptance functions

@ Outlook
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Hyperon channels accessible with PANDA

Why antihyperon-hyperon
production?

® pp — AA
- Measured before @ LEAR
- Comparison of polarisation
& spin correlation

— =t+_
@ pp— = =

- Scarce data
- Potential to measure @ 7.0
GeV/c

@ BR(A — pr7) = 64%
@ BR(=~ — Ar) ~ 100 %
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Spin observables in pp — Y'Y

Spin observables can be used to test theoretical model. Angular
distribution related to

3 3
— BpTT
| E g aaX i PPy kuk,
w,v=0 k,I=0

With unpolarised beam and unpolarised target, differential cross section
Xoooo. Polarisation xoou0 = Pr, Xooor = Pi and the spin correlations
Xoour = Cjj are accessible.

Polarisation Spin correlation

@ 3 polarisation parameters for @ 9 spin correlation parameters
spin—% hyperons: P, P,, P, for spin—% hyperons: G ;

@ P, = P, =0 due to strong O Cy=0Cr=0C=0C,=0
production due to strong production

@ P, = Py due to rotational @ C,, = C, due to rotational
invariance ) invariance )
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Spin observables in pp — Y'Y

- 5 5 .,

p=Ph oy PP i yxz T

|Bal |Bi < Pl

Polarisation Spin correlation
Proton angular distribution: Nucleon angular distribution:

1(0 1 1 e 0 !

(0p) x E( + aPy cosf),) 1(0;,0;) W(H‘
@, « - decay asymmetry parameter aaz Cjj cos §; cos ;)

i
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Reconstructing the Spin Observables

Spin observables can be extracted using Method of Moments:

(cosb,) / / ky) x k,dk,dky

Polarisation and Spin Correlation is given by:

N ky,m
3 2 met Alky.m)

3
P}’_*<ky>:* N
@ @ Ymt Ay )
Kim
9 _ 9Zm 1h
Cj = — (kikj) = — =N 1
[aYe]] aaZmliA(k,m, )

Erik Thomé, Elisabetta Perotti, Uppsala University
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Reconstructing the Spin Observables

If cos 6, is symmetric around O i.e.
Ay(cosf,) = Ay(—cosb,)

Ay(cosBy) = Ay(—cosby),

the spin observables are obtainable without acceptance correction:

_ 1k
p= 0
Cij = é ,<2klkj> ] =X,Z
O (ki) (k?)
¢, = L k)~ (R) (k)
ax (k) (k)
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Simulation study

Simulation study of pp — AA
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Simulation parameters

@ 482000 pp — AA events
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@ Forward-peaking distribution
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@ Antiproton beam p; = 1.642 20000 .
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@ Full PANDA Detector setup 15000 <
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@ Ideal Pattern Recognition
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@ lIdeal Particle Identification
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Event reconstruction

Event selection:

@ Combine pr—, prt T
@ Select [mp — M(pr~)| < 0.1 GeV A/<p
@ Vertex & Mass fit pp :/
Select combination based on y? S _
\\ p
@ Reject candidate if P(Vtx) < 0.001 e
@ Tree fit -
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Reconstruction Efficiencies

Ideal tracking task: PndSttMvdGemTrackingldeal.cxx

Ideal PR requirement for track: 3 hits from any detector

Track | Efficiency (%) Particle | Efficiency (%)
T 81.3 A 54.4
m 83.4 A 52.9
p 99 Pp 13.4
P 75.8
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Reconstruction Efficiencies

X2/ ndf 98.59 /44
po 0.2126 + 0.0019
Pl 0.06192 + 0.00566
p2 -0.1319 + 0.0105
p3 -0.2107 + 0.0201
P4 0.03134 +0.01168
p5 0.07143 + 0.01737
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Acceptance Functions

)

cos 0,

>
3
S
.18
&
]
0.

16

X2 nat 481843
p0 0157 £0001
PL 005228 = 0.00447
P2 -0.03271% 001462
P3 -0.07617 001694
P4 -0.08671%003848
PS 005919 £001455
P6 008627 £0.02720

clv b b b b
o 02 0.4 0.6 0.8 1
Cos 8, Decay Frame

iency
)
N

cos O

T e
ossaneocots .

" comasasems

2 oo S0

% ones 000 o

P4 0.08076 + 0.03974

2o oo soom ¢

b oorses soom

Cos 6, Decay Frame

n n n sl b b b b
08 -06 -04 -02 0 02 04 06 08 1

13/16



Acceptance Functions
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Acceptance Functions

X [ ndf 68.81/47
o 0.1057 £ 0.0008 IE3 5894/45
pL 0.0006305 + 00010726 »0 0.1049 £ 0.0010
P2 0.09717 £ 0.00202
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Outlook

Performance check of analysis tools:

- Benchmarking
- DecayTreeFitter as alternative?

Realistic PID

Background studies
Analysis of pp — ==

- Reproduce Erik Thomé's result @ 4.0 GeV/c
- Study feasibility @ 7.0 GeV/c (X(3872) threshold)

Efficiency studies of pp — QQ
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Outlook

Performance check of analysis tools:

- Benchmarking
- DecayTreeFitter as alternative?

Realistic PID

Background studies
Analysis of pp — ==

- Reproduce Erik Thomé's result @ 4.0 GeV/c
- Study feasibility @ 7.0 GeV/c (X(3872) threshold)

Efficiency studies of pp — QQ

Thank you for your attention!
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Backup
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Hyperon production pp — Y'Y

Figure: pp — Y'Y in quark-gluon picture (left) and in Hadron picture
(right).
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Hyperons: Spin observables in pp — Y'Y

Polarised Particle | None | Beam | Target | Both
None loooo | Aiooo Aogjoo | Ajjoo
Scattered POO[,LO DiOuO KOqu Miqu
Recoil Pooor | Kioow Dojor | Nijou

Both Coopr | Giopw | Cojw | Ccypn

@ In pp — Y'Y there are 256 spin variables in total
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Accessible hyperons at PANDA

pp— AA, T3, T30, S-x¢, B0=°, B'E, 00 ACAT
! ! l l l l l 1
pr~ pr® Ay nar An® Am  AK Ar
64% 2% ~100% ~100% ~100% =~100% 68% ~1%
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