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Spin in Particle Physics

1988 EMC experiment = “Spin crisis”

Initial state

Nucleon
Spin decomposition:
1_ 1 J

KJ — —

[ Quark spin ] [ Gluon Spin ][ Quark OAM ][ Gluon OAM ]

o

Hyperon

Final state
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Spin in Particle Physics

Decay channel: A — pr™—
branch ratio: 64.1 + 0.5%

parity violating weak decay

dN

d cos 0*
decay parameter: a, = 0.748 + 0.007

[Current PDG value]

x A (1+ apPy cosf™)

Allow to measure the spin (polarization) of the produced A

valence component: | uds)

spin dominated by s quark

o0

Sensitive to nucleon strange sea
and its polarization
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Lambda Physics at HIAF

non-central relativistic

heavy ion collisi

pp — A + X: comparison to world data
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® 1 Physics H-NS white paper
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pp > PKA I B ERRFRFTE—NFIBEAR

N (1650), N(1710), N(1720) ® Exchanged meson: 7, 1, p, o, w

@ Resonance: N(1650), N(1710), N(1720),

_N(1675). N(1895)

® Coupling constants: g.vy, § > Iy* i

@ Form factor: FNN, F'N' mig&#h 8T8
gy Fr F'SI ® Off-shell form factors: F o« B&HSETAR

B ® Final State Interaction: 'S/
L .nv=—1g.nnNvY;TN - 7
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B. C. Liu, B. S. Zou, PRL 96, 042002 (2006).
Z. Ouyang, J. J. Xie, B. S. Zou, and H. S. Xu, Int. J. Mod. Phys. E 18, 281 (2009). 7
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Axn(q) :NO(mA+mN)|:_ 4 + = —1q

a: scattering length, r: effective range
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A Polarization
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Summary and Outlook

1'? : : A2 RHIAFAH-NS &) & &4 A7 N (1535), N(1650), N(1710), N(1720)
907«%%0 l
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Back up



Cross Section
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Meson Exchange Model
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R. Shame, PRC 60, 055213 (1999). K. Tsushima, A. Sibirtsev, A.W. Thomas, G.Q. Li, PRC 59, 369 (1999).
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scintillator

hodoscope
DISTO
LNS-E213
/ o PR )
I ' ‘-’ (v'y'u) ~ - B
10.cm h []. Due to the nearly 47 acceptance of the COSY-TOF

The innermost detectors are two sets of plastic scintillating fibers inside the magnet at
the radii of 20 cm and 40 cm. Each set comprises three planes (v, y and u) of fibers. The
active area covers 45° horizontall* and +15.5° verticallx with resgect to the beam, except

or a central hole of 1. angte for the exit pipe. tside of the magnet, there
are two sets of planar multi-wire proportional chambers, each containing three planes
(v, z and u) of wires. Behind the MWPC's, there is a scintillator hodoscope, composed

pp collisions at three incident proton momenta: 3.67, 3.31 and 2.94 GeV /c. Detection of
all charged particles in the final state allows exclusive measurements for hyperons, while
the use of polarized beam makes it possible to measure analyzing powers A, and the
spin transfer coefficient Dyy, in addition to the polarization of the outgoing hyperon.
An outline of the physics motivation and a brief description of the experimental setup is

given. Some preliminary results from the data taken at 3.67 GeV/c are presented.

detector for this reaction it is possible to measure the A
polarization, the analyzing power determined with the fi-
nal state particles, and the A spin transfer coefficient for
try are existing for all three distributions: At backward
angles there is a surplus of events, which is mainly due to
the pK(X? — Av) background. At extreme forward an-
gles (cos ™ > 0.95) of the proton and kaon distributions
a deficit of events is found. The affected range corresponds
to scattering angles in the lab system of smaller than 5°-6°
degrees. It is supposed that the deficit of events is caused
by an efficiency drop in the cones of the start counter,
which cannot be exactly described by the Monte Carlo
program. 21



Invariant Mass Distribution
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Resonance Mass and Width

1635 to 1665 (=~ 1650) OUR ESTIMATE

1657 +6 GOLOVATCH 2019
1666 +3 I HUNT 2019
1634 +5 KASHEVAROV 2017
1654 +6 SOKHOYAN 2015A
1665 +2 1 SHKLYAR 2013
1634.7 £1.1 1 ARNDT 2006

100 to 150 (=~ 125) OUR ESTIMATE

154 +28
133 £7
128 +16
102 +8
147 +14

115.4 +2.8

GOLOVATCH

1 HUNT

KASHEVAROV

SOKHOYAN

1 SHKLYAR

1 ARNDT
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Lambda Production for Exclusive Process

Mzn1650 = — i8aNN&aNN(1650)8KAN(1650)Fi (px) FXN (q7) FY™ (q7) @ia (pa, Ax) G2 (1650) uy (pa, Ao

X Ot (qr) i (pn, An) V¥ (P1,A41) — (p1 <> p2s A1 & A2),

mass width decay branching
LRNT | AraE | Bonn#  (A) Fesonance - (Mev) (MeV) channel ratio

[P Fp 2 ma(MeV) | g2/dm  Aa(GeV) N1650 ]]:7771' Ei)g- ;gi?
° 1635-1665  100-150 g Doces

™ e e AK (5-15)%

n 048.8 4 1.5 N (5-20)%

g NN (1650) (EN ‘|‘mN)
N (1650) — NV e ,

p 769 0.86 1.95 LN ) nl= 4m My (1650) oy ‘?1]1/;1()) 1680-1740 80-200 xz 8(1)_ ggg;j

w 782.6 25 135 | T[N(1650) — AK]= gasovasso (Ba mA) AK (5-25)%
A7 MmN @1650) N7 (8- 14)%

) 983 1.3 2.0 N1720 Nn (1-5)%

(3/2%) 1680-1750 150-400 Np (1-2)%

o 550 8.8 2.0 AK (4-19)%
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