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Reactions with flavour change: pp — YY

Focus on the strangeness sector:

How is a ss quark pair created?

Can we relate the observables to this process!?
What are the relevant degrees of freedom?

What about charm?



















The spin of the A/ A is essentially carried by the 5 /s quark l




The spin of the A/ A is essentially carried by the 5 /s quark l

By studying spin observables in the pp — AA reaction one hopes
to learn about the spin degrees of freedom in the ss quark pair
production process




Strangeness production

Hyperon Quarks Mass  ct[cm] o Decay B.R.
[Mev/c’] channel [%]
uds 1116 8.0  +0.64  pa 64
uus 1189 2.4 -0.98 52
uds 1193  2.2x107 - 100
dds 1197 2.4 -0.07 - 100
uss 1315 8.7 -041 99
dss 1321 49 -0.46 100

SSS 1672 25 -0.03 68
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OZI rule violation?
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Excess energy = 8=\/;—Zmﬁnaz
= Kinetic energy in CM-system

If the total cross section develops
according to phase space then

GL (8) oc £L+1/2

tot

Near threshold: Expect S-waves to
dominate.
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Differential cross sections are sensitive different partial waves:
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P-wave resonance
below threshold?

Strong s-wave absorption
in the initial pp state!
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interaction radius?




Polarisation

X’ /ndf 07555 / 3
Pl 0.3055
P2 0.1640E-01
P3 -0.6032E-01
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The polarisation show the interference between different partial waves




CP conservation requires that & = —«

o+o _ aFy,toby, - :
= A= —— = — should be zero if CP is conserved
oa—o ok, — 0k,




CP conservation requires that & = —«

a-l_a _ aPOOnO +a1)()00n . .
- = — should be zero if CP is conserved
x—« Od)OOnO — aPOOOn

© Observation of CP-violation in hyperon
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CP conservation requires that & = —«

a-l_a — aPOOnO +aPOOOn

= A= ——

should be zero if CP is conserved

a—u aPOOno — O‘P()O()n

PS185 <A> = 0.006+0.014 (PDG 0.012+0.021)

+ WEIGHTED AVERAGE 0.006 +/- 0.014

- RB95 (1991 MeV/c)
- RB95 (1948 MeV/c)
e MZ92 (1919 MeV/c)
e TS92 (1911 MeV/c)
e TS92 (1896 MeV/c)
- RK94 (1835 MeV/c)
. RT095 (1771 MeV/c)
. GSBY (1695 MeV/c)
. RT095 (1658 MeV/c)
. RTo95 (1653 MeV/c)
. HF92 (1642 MeV/c)
. WD88 (1546 MeV /c)

b

0.15
0.88
0.01
1.93
0.006
0.007
0.01
0.00
3.88
0.15
0.48

0.71

8.22

(Confidence Level = 0.77)
P I

0.4 0.6

0.8

© Observation of CP-violation in hyperon

decay would be “a first” for baryons

® “Expected” signal < |0

Feasibility study: = 103 doable
< 104 HARD
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= AA-pairs produced with parallel spin!
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"% the parallel spins are related to the ss production
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"% the parallel spins are related to the ss production
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Both “Quark Inspired” and Meson Exchange models give reasonable fit to data
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Intrinsic polarised strangeness or gluons!?

Intrinsic polarised strangeness: Polarised gluons
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"Quark-Gluon model"

Intrinsic strangeness
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cos(Ocu) PRL 89 (2002) 2123021
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PS185/3: PP — AA @ 1637 MeV /¢ |

Meson exchange

Polarised guons

Intrinsic strangeness

~0.8 -0.6 -04 -02 O 02 04 06 08 1
c05(Ocu) PRL 89 (2002) 2123021

Practically no transfer of spin from proton to lambda!
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= Spin transfer p — A
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Transfer of spin from target proton to antilambda!




PS185/3: PP — AA @ 1637 MeV /¢ |

= Spin transfer p — A
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Transfer of spin from target proton to antilambda!




Results confirmed @ 1525 MeV/c
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AATriplet state @9 Dun = Ko ?
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Singlet Fraction
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Lund model for A polarisation

o= 820ev ]
& . 030 (3]




P

o= 820ev ]
& . 030 (3]

-,




6 GeV/c

1.9 GeV/c




P

o= 820ev ]
& . 030 (3]

-,

6 GeVl/c L 1.9 GeV/c




Observables

Quantity

Unpolarised beam
Unpolarised
target

Polarised beam
Unpolarised
target

Unpolarised beam
Polarised target

Polarised beam
Polarised target

Differential
Cross-section

Polarisation of
scattered particle

Polarisation of
recoil particle

Correlations of
polarisations

I =do /dQ
P = Polarisation
A = Asymmetry

Indices reter to the spin projection ot the beam, target,

D = Depolarisation
K = Polarisation transfer
C, M, N = Spin correlations

scattered and recoil paricles ( = 0 spin average)

256 possible
combinations




* Parity conservation 256 * 40 independent observables

* Charge conjugation
invariance
» Geometrical identities

8 accessible with an unpolarised
beam and target

24 accessible with an unpolarised
beam and a transversely polarised
target




‘ Symmetries '

* Parity conservation 256 » 40 independent observables
* Charge conjugation

invariance
» Geometrical identities

8 accessible with an unpolarised
beam and target

24 accessible with an unpolarised
beam and a transversely polarised
target

The spin structure of the transition matrix contains |6 complex amplitudes
in terms of spin operators and momentum vectors

Parity conservation and charge conjugation invariance brings this down to
six complex amplitudes
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24 measured observables
relate to | | real

parameters + one
arbitrary phase of the
scattering matrix.
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Indirectly measured spin observables

nucl-ex/0605025




Future prospects
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Mass m = 1406 + 4 MeV
Full width ' = 50.0 &+ 2.0 MeV
Below K N threshold

A(1405) DECAY MODES Fraction (;/T)
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Mass m = 1406 4+ 4 MeV
Full width ' = 50.0 &+ 2.0 MeV
Below K N threshold
A(1405) DECAY MODES Fraction (I;/T)

> 100 %

Structure of the A(1405)?

* Three quark state (uds)?

» Dynamically generated quasi-bound NK state?




\ A(1405) Sp; | I(JP) =0(i")

Mass m = 1406 + 4 MeV
Full width ' = 50.0 + 2.0 MeV
Below K N threshold

A(1405) DECAY MODES Fraction (I;/T)

> 100 %

Structure of the A(1405)?

* Three quark state (uds)!?

» Dynamically generated quasi-bound NK state?

Scan the pp — A(1405)A(1405) reaction
over the pK" pK™ threshold



Strangeness 2 and 3 sector accessible @ PANDA

Hyperon Quarks Mass [Mev/c] ct[em] o

uds 1116 8.0 +0.64
uus 1189 2.4 -0.98
uds 1193 2.2x10°

dds 1197 2.4 -0.07
uss 1315 8.7 -0.41
dss 1321 49 -0.46
SSS 1672 2.5 -0.03




Strangeness 2 and 3 sector accessible @ PANDA

Hyperon Quarks Mass [Mevic’] ct[em] @

uds 1116 8.0  +0.64
uus 1189 24 -0.98
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dds 1197 24 -0.07
uss 1315 8.7 -0.41
dss 1321 4.9 -0.46
SSS 1672 2.5 -0.03




Strangeness 2 and 3 sector accessible @ PANDA

Hyperon Quarks Mass [Mevic’] ct[cm] o

uds 1116 8.0 +0.64
uus 1189 24 -0.98
uds 1193 2.2x10°

dds 1197 24 -0.07
uss 1315 8.7 -0.41
dss 1321 4.9 -0.46
SSS 1672 2.5 -0.03

pp — YY +nz,nK
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pp SAA

1.642 GeV/c
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The polarisation of the decay baryon,(o ), gives additional information:

(1+aP, cosb)(o, )=(a+P, cos@)l€+BPYl€><n+yPY (I€><n)><lg

It has been suggested that the quantity

p+p

oO—o

B =

could has a 10x larger signal of CP violation than A







Charmed antihyperons/hyperons are accessible @ PANDA for masses
< 2740 MeV

Hyperon Quarks Mass ¢t [em] o Decay B.R.
[Mev/c?] channel [%]

uds 1116 8.0 +0.64 - 64

uus 1189 2.4 -0.98 52
uds 1193  2.2x10° - 100
dds 1197 24 -0.07 - 100

uss 1315 8.7 -0.41 99
dss 1321 4.9 -0.46 100

$SS 1672 2.5 -0.03 68

udc 2285  6.0x10° -.98(19) 1
uuc 2453 . 100

ude 2455 : 100
dde 2452 : o 100
usc 2466  1.3x107°
dsc 2472 2.9x10°
ssc 2697 1.9x10°3
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‘Charmed antibaryon/baryon production in pp collisions l
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guark-gluon string model
(Kaidalov & Volkovitsky)

13 Pp (oevic)
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One year of data taking with PANDA = |-2 fb"! '

Final state Cross section # rec. events
50 ub 10'0
2 ub 108
20 nb 107

0.1 nb 10°




There are excellent prospects for

6+p — )7_|_Y

studies in the multiple strangeness and
charmed sector at FAIR!
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