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» resonance in a given exclusive mode can be described
with a pure state of spin density matrix.

» If a given resonance has different mother particle
decayed from, its spin density matrix can be described
with a mixture state.

» Mixed spin density matrix can be measured with the
exclusive decay of spin analysis, but can’t measured with
single tag experiment.

e.g. single tag exp. K* — Km, can not measure the K~*
spin density matrix.
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_ Tr(p $y) _Tr(pSy) o, _ Tr(p$y)
Fe = Tr(p) ’ Ty = Tr(p) 7z = Tr(p)

» Fors = %, polarization of a particle is well specified by the

polarization vector, with spin operators
_1¢0 1 _ 10 —i _1/1 O
Sx_z(1 o)'Sy_z(i o)'SZ_z(o _1)

» For S = 1, the polarization vector P(Py, P, Py) is
calculated with the spin operators
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(0 1 0) ; (o ~1 0)

1 0 1 S, =~ 0 -1

0 V2 1 0
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Rank-2 tensor polarization

1 /3/... A 4
Tz‘j = 7\ 3 ((Sisj + SjSi) - -3-51'1) -

S, =

Sk

Overall degree of polarization: d = [%.6}"2 + T?]'2.

* For high spin state, the spin operators in Cartesian coordinate
system are taken as
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* Spin-— partlcle
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* Spin-2 particle

(02 0 0 0) (200 0 0}
> 0 B 0 0 010 0 0
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* Spin observables

y*/Z°
Consider a process e*(4)+e (B)— C + D

» If C and D are spinless particle, the only observable is angular

distribution

do
X I,(1 + a cosB),

where « is angular distribution parameter

» If electron is polarized, the observable of transverse

polarization:
2 = (1 + AnSy - )=y (1 + A, Spcose),

A,: analysing power
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e Spin observables (cont.)

» For the case of C and D are spin-% particle :

do 1 1
=n Za,b,C,d |<C,D|]V[|A'B>|2=
ANB

Tr{MMT}
np

d} Ny

Observable: (spin average, or spin polarization)
Crpve = Tr{M [01(A) ® 0,,(B)] M [00,(C) ® o (D)]}/Tr{M MT]

Or abbreviated by:
()\’M|Uf) — Cer — (O-)\,(A)O-M(B)O—U(C)O-T (D)>
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 Transverse polarization of baryons in eTe ™ collisions

FFs in continuum ]/ decays B

e (k1) A(p1)

FZ (k] , kz)
et (k2) A(p2)

Time likespin %2 baryon FFs:

o . e _ .
Dubnlck?va, Dubnicka, Rekalo FH- (k1, ko) = —1ey Vu
Nuovo Cim. A109 (1996) 241
W. Lu, et.al., Phys.Lett., B368, 261 (1996)

. A
(j::h, Tomasi-Gustafsson Nucl.Phys. A771 (2006) FM (p1,p2) =

Czyz, Grzelinska, Kuhn PRD75 (2007) 074026 _ie Gw _ (Gw _ Gw) )
FildtEP) A51 (2015) 74; EP) A52 (2016)141 gl YmVu Q2 M E/ =N/
Faldt, G. & Kupsc, A, Phys. Lett. B 772 (2017) 16



5.2. TRAL S AIARAL I & (4E)

 Transverse polarization of baryons in eTe ™ collisions

Example: With the unpolarized beam, estimate the
poalrization of A inete™ - J/¥ - A(1;)A(1,), assuming that
we don’t observe A spin configuration.

Pray = z Difa,-2, (.6, O)Dzlw,a’l—az(qb' 0, O)A%»’LZA;LAZ

M=%1/2
/12=i1/2
1
1 1+ acos?6 —iE\/l—azsinAsinZH
—2l| 1
2 izx/l—azsinAsinZH 1+ acos?6

a: antular distribution parameter for A,
A: phase angle difference in A1 1 and A1 1

2" 2 2" 2
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Polarization vector components are calculated as

Tr(pa,)
Tr(p)

_ Tr(poy)
%= TG

=0,P, = 0

D Tr(pay) _ V1—a?sinAsinf cos6
Y Tr(p) 1+ acos?6

* The decay A = pmr~ acts as a polarimeter

Joint angular distribution forete™ - J /i - AA, A = pm~ reads

W(Qr 817 ¢1)
x 1+ acos?8+ (1 —a?sinAsinf cosO) a, sin 0, sin ¢,
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S

[ W(6,6,¢,) sin 0, sin ¢p,;d(cos 0, )d¢p,

] 8 - f—
(sin 0, sin ¢) fW(H, 0,¢p,)d(cos 6, )do,
1

Ex.J/y>AN . 7

...................
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In ST measurement, the spin density matrix for (),
calculated by helicity method:

-3/2 -1/2 1/2 3/2
mi1  C12 €13 0 3/2  Hermitian !
£ o *
Cq- Moo 1193 €7 -1/2
: _ 12 l4 23 13
/’3/9((7)) — K ' X 1/2
< C13 —1lMM9o3 1TNoo —( 12
0 c13 —Ci2 M1 3/2
1 + cos2 Moz = V2 I(h1hs) cosf sinf
M = 9 |h3‘ hshi cos 6 sinf
: Cig = —
o . 1 + cos?# \ﬁ
Mmoo = |h1|? sin?f + 5 |hal? |

2 . 9
C13 = 3]?3]?; sin“#

17
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* Polarization of spin-3/2 particle

\ 7*1_1 — P, fré — P, -ri - P;,J

g | g 2 5 3
- (@0+4 DR TAEE Sy W r;:[Q;:f)

M=-1 M=-2 M=-3
M.G.Doncel, L.Michel, PMinnaert Nucl. Phys. B38, 477(1972)

real coefficients, Degree of polarization
scalable ]=1/2,3/2,...

d(p3/2) = \ Z Z ”‘u

L=1 M=—

Qy > Q,,u=0,..,15

18
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* Reaction + L, +-+1, > F,+F,+--+F,

Initial spin state: x; = xi1 @ Xiz - @ Xin
Final spin state: x5 = xr1 @ Xf2 - @ Xfm

Reaction can be described by a transformation between the
initial and final spin state

Xr =M x;
Spin density matrix for initial state

pi = Pi1 Q piz .. Q pPin

py for final state : pr = ‘)(f)()(f| = Mp; M7
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* induced polarization for k-th particle in final states
D Tr(Mp;M*$;)
© o Tr(MpM?)

* Analysing power of reaction for the initial j-th polarization
component

Tr(Mp;(Sj)M™)
A; (L) = Tr(MpiI]\/IJF) , pi(S;) = pilpij = ;)

* Spin transfer relate the initial i-th particle to the final j-th
particle

K,i _ TI'(M,DL (SA])MTSA])
! Tr(Mp;MT)
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Example:

* Inthe decay J/Y — AA,assuming the spin density matrix for
J /W taken as

1+ Pzz/2 0 0
Py == 0 1— Pzz 0
0 0 1+ Pzz/2

Calculate the spin transfer of / /1 to the final state A particle.



