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Outline cf talk

* Introduction of Bell type inequality(already discuss in Prof. Jesus Moreno)
¢ Define quantum correlations: entanglement, steerability and Bell-nonlocality
 Density Operator for H — % 7~

¢ Test of guantum correlations between tau pair at lepton colliders

“* Results

s CP-measurement

s Summery



Bohr vs EPR

“Niels Bohr: argued that reality or the state of a particle at the fundamental level was

not only unknown but was unknowable until it was measured.”

-

N

“If, without in any way disturbing a system, we can predict with certainty (i.e. with
probability equal to unity) the value of a physical quantity, then there exist an element
of physical reality corresponding to this physical quantity”

Einstien, Podolski and Rosen, 1935

~

/

QM violates both local and real requirements (i.e. entanglement violate Locality).
And QM already tested by Stern Gerlach Experiment.

As per EPR, the QM behavior could be explained by additional variables called
Local Hidden variables (LHV). These would restore locality and causality to the
theory (and they demonstrated it for the Stern Gerlach experimental observations).




It seems difficult that time to experimentally discriminate QM and general hidden variable theories.

In 1964, John Bell, made a fundamental contribution,
showing that no deterministic hidden variable theory can
reproduce al the statistical predictions of quantum
mechanics(1964) derived simple inequalities that can
discriminate QM from any local-real hidden variable
theories: Bell inequalities




CHSH inequaﬁty [Clauser, Horne,

Shimony, Holt, 1969]

Alice . 5 (spin 0) Bob
A

a (spin 1/2) p (spin 1/2)
® - - ®

a (s) The experiment consists of 4 sessions:

1) Alice and Bob measure s [a] and s,[ /], respectively.
Repeat the measurement many times and calculate
féf! (S_r) <S£'{ - Sb)- b.r (S\)
2) Repeat (1) but for @ and 5"

b (S/’)

3) Repeat (1) but for " and b.
4) Repeat (1) but for " and b".

Finally, we construct

1
Repyspy = 5 |(Susb> — (s,5,) + (s,.5,) + (S.:;-S,.-u)l



CHSH inequaﬁ’ty in LHYV theories

1
Repsn = 5 ‘(5};5};) — (s,8,) + (s5,5,) + (SU*S..-;;)‘ <1

|{ab) — (ab")| = ‘ /dA (ab — ab’) P‘ ——j + aba't' P — (£ aba'' P) = 0
_ /d/\ lab(1 £ a'b)P — alf (1 + a'b) P|

< /d).(|ab||l + a'V|P + |ab||1 % a’b|P)
| lab| = |ab'| =1
1xa'b|.|lxab]|>0
= fd)\[(l:ta’f}’)P+(1:|:a’b)P] I[1+a'b|. |1 £ab|

= 2+ ({(a'b') + (a'b))

(ab) = /a()\)b()\)P()\)d)\

= Rousn = 5 ((ab) — (ab)| + |(@'b) + (ab)]) <1

max (RCHSH) — 11ax (-‘éCHSH) /P()\)(f/\ = 1

(@.b.a',b) (@, b.a', b)

\_ J




/ 7/ 7/
CHSH mequaﬁty in QM
Lets consider an QM wavefunction of singlet state of two spin % particles

oon T =)= —+).

one can show

(sg8p) = (PO 5,5, POy = (4-b)

violates the upper
bound of hidden
variable theories!

1
Rensn = 5 [(5,5) = (5:5) + (5.,8,) + (5,5,) ] l

therefore

— % ‘(ﬁ-ﬁ) —@-b)+ @b+ @-b)| =42
e ——
L _i 1 1
V2 V2 V2 V2

fa))
=

|— a’ 5



. entangled | 'V,,,)

1  (HV theories)
Bl violation
Repsy = 1

IA

RCHSH

V2 @w)

\

Direction of measurement is play important role.



We a[reac[y has been observed Bell ineclua[ity
violation in low energy exyem’ments

= Entangled photon pairs (from decays of Calcium atoms)
Crauser, Horne, Shimony, Holt (1969), Freedman and Clauser (1972), A. Aspect et. al.
(1981, 1982), Y. H. Shih, C. O. Alley (1988), L. K. Shalm et al. (2015) [50]

Entangled proton pairs (from decays of 2,)
M. M. Lamehi-Rachti, W. Mitting (1972), H. Sakai (2006)

= KO9KO9 BOBO flavour oscillation

808 NOBELPRISET I FYSIK 2022 7% ) VETENSKAPS
CPLEAR (1999), Belle (2004, 2007) @ THE NOBEL PRIZE IN PHYSICS 2022 :
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Alain Aspect John F. Clauser

_Université Paris-Saclay & J.F. Clauser & Assoc., University of Vienna,
Ecole Polytechnique, France USA Austria

Anton Zeilinger

"for experiment med sammanflatade fotoner som pavisat brott mot Bell-olikheter och
banat vag for kvantinformationsvetenskap”

“for experiments with entangled photons, establishing the violation of Bell inequalities and
: pioneering quantum information science”
#nobelprize




We are interested in Enmng[ement and
Bef[-ty]oe ineclua[ities inH - t51t~ at

tﬁe &3]01'011 CO[BC[QT )

\ector boson pair
WW,ZZ,yy, WW?*,
17%,.....

Correlation in fermion pair
Top pair, tau pair.......

Y. Afik, J. R. M de nova, M. Fabbrichesi,
R. Floreanini, G. Panizzo, C. Severi, CD.
E. Boschi, F. Malton, M Sioli, J. A.
Aguilar-Saavedra, J. A. Casas,, R. Ashby-
Pickering, A. Gabrielli, C. Severi, E.
Vryonidou, R. Aoude, E. Madge, F.
Maltoni, L. Mantani at all

J.J,Barr, P. Caban, J. Rembielinski, J. A. Aguilar-Saavedra,, A,
Bernal, J.A. Casas, J.M. moreno, M, Fabbrichesi, R. Floreanini , E.
Gabirielli, R. Aoude, E. Madge, F. Maltoni, L. Mantani, F. Fabbri, J.
Howarth, T. Maurin at. all



We WI[[ CﬁSCUSS tﬁree oﬁﬁ%rent [6\/'6[ (Zf cluantum corrections

X anng[ement p= Z Px /L ® Pl pTs = Z il ®[ pﬁ]T

0\‘

Peres-Horodecki S\,&\\,e If it is still Physics density
1 1997 o o° matrix with Tr=1 and
(1996, 1997) _ WO Positive definite

State Is entangled State is separable



We WI[[ CﬁSCUSS tﬁree oﬁﬁferent [6\/6[ (Zf cluantum corrections

X fntomg [ement

“ Steerability(first time introduce by the Schrodinger): Alice’s ability to affect Bob’s state through
her choice of measurement basis

Alice Bob

Send one part to Bob

After measurement, Commutating

Preparing bipartite to Alice classically.

quantum state



We WI[[ C[iSCUSS tﬁree oﬁjﬁmnr [6\/6[ (Zf cluantum corrections

X fntomg [ement
o Steemﬁi[iF/
% Bell- non oca[ity

S
\ )

!

Prepare a shared bipartite state, other then this
any communication is forbidden




To study these quantum correlation, first we have to compute spin correlation matrix



Density Operator
(- probability of having |'¥,)

- For a statistical ensemble {{pl YL Py 1Y) ) {ps i Y5 ), } we define the
density operator/matrix

n _ A 0<p. <1
P = ZPH‘I’Q(‘I’H Pab = (€alplen) P
" Z}Uk =
k
* Probability and expectation values: (€ales) = dab
Ala) = ala)

~

P(a|A, p)={a|pla)  Probability for outcome a when A is measured on the state

<A>p =Tr [Aﬁ] Expectation value for A on the state p



Spin 7 Eljoarticfe system
- The spin system of a and f particles has 4 independent bases:

(IEI)'- |€2>-,. |€3)'—- |€4>) = (|++>=~ |+_>a|_+>'—- |__))

- ==> p , iS a 4 x 4 matrix (hermitian, Tr=1). It can be expanded as 3x 3 matrix
I _ R
P=E(l4+85'fﬂ'®l+3;"1®5f+cg'5.i®ﬂ}) BI',BI',C.,JER

« For the spin operators §% and §, o |
spin-spin correlation

(57 = Tr [59p] = B, ( gf‘) — Tt [gf ,3] — B. (f*}ff) = Tr [f?ffﬁ] =C;

!




Bell-nonlocality:

|
RCHSH = 5 H<Sasb)

y
- ksaslu} T S(l sb

\

A)

a'’

AR

[Clauser, Horne,
>‘ > 1 Shimony, Holt, 1969]

aanf — el Al = (..
(S.fsj> Ir [S_!Sjp] C{.-'



Bell-nonlocality:

1 , ! [Clauser, Horne,
Rensu = B ‘ SaSpX — KSaSpd + KsuSpp + 5,5, >‘ > 1 Shimony, Holt, 1969]

Steerability: (assuming B; = B; = 0)

|
Slipl > 1 Slpl=— [dQn\/nT clc [Jevtic, Hall, Anderson,
27 Zwierz, Wiseman 2015]




Bell-nonlocality:

|

Reysy = i

H<Sasb) = Ks.sp) + %susb} + {55, ?‘ > 1

Steerability: (assuming B; = B; = 0)

[Clauser, Horne,
Shimony, Holt, 1969]

5150y =Tr [52375] = ¢,

[Jevtic, Hall, Anderson,
Zwierz, Wiseman 2015]

|
Slpl > 1 Slp) = g[dg,,\/n?* CTCn
Entanglement:
E>1 E = max;{|Tr(C) — C;| — C;;}




H-trt”
m._ S
L =— v—K’H W (cos O+iys sind) y, SM: (x,5) = (1,0)
SM



H-1tt1™

m_ _ .
P = ———kH Wy (cos 5+iys sin ) y,
Vsm
e\ \p A
Pmnmn = o |'Mmm|2 I 1 D 1 8_i25 D
| _ Pmn,mn — 210 8525 1 0
M™™ — ¢ 5™ (p)(cos & + i sin 8)o™ (p) 00 0 0

SM: (x,0) = (1,0)



H-1ttt™

FreiTL

m
T - » .
L = — ——KkHy(cos 6+iyssin o) y, SM: (x,4) = (1,0)
Vsm
rn, A — | M 5 D 1 —i20 D 1
2o | | _ Pmn,mn — 5 0 8525 € 1 0 P = 1 (14_4' Bi-o;®1
=cu™(p)(cosd + ivyssind)v"™ (p) 0 0 0 0 B;-1®0;+C;-6,® tTJ)

cos26 sin26 0O
Cij=|-sin26 cos25 O
0 0 -1



m

H-1ttt™

gint = - —TK‘H II/T(COS (S‘I' l}"s Sin 6) W
VsM
0 0 0 O
P = 0 1 g_ﬂﬁ 0
_ _ 0 i26 1 0
M™™ = ™ (p)(cos 8 + ivys sind)v™ (p) 0 0O 0 O

¥, (8) « |+—) + e?|—+)

—

SM: (x,0) = (1,0)

,{]=

(14+-Bf'ﬂf®l
E'l@ﬂ,—'l'cif'ﬂf@dj)

cos26 sin26 0O
C:=|-sin26 cos26 O

ij
0 0 -1



H-1ttt™

1
SM values: Cj= ( | )
-1

=3 Entanglement =— £ > |
Slp]l =2 Steerablity — S[p] > 1

Repsy = V2 ~ 1.414  Bell-nonlocal => Rcygy > |

—C—— e —



Wﬁ&lf We 06561’\/8 at CO[HO[QTS?




Spin correlation of 77t Tin term of angular correlation b/w 7~ t* decay product

*» The conditional probability that the decay product, d, takes the direction u (at the rest frame
of T7) , when the tau spin is polarised into s direction, is given by

P(uls)=1+|asq4 u.s

—

spin analysing power which is maximum
(lor —1) fort¥ ->9n*

<+ Using, join probability P(s| 5) that 7~ and =% are polarized into s and s, we can write both
tau spin correlation and pion momentum correlation as

) A0y A% dQ% dQs )
) = [ @b 9P e [ e b
o « P(u[s)P(GfS)P(s.5) .

4 )

_ A f dXfr dr _
(ually) = —25(505)
\_ J




S]oin-corre[ation matrix and CHSH in fejoton collider

Rensn

1 . .
5 A B> <SASbB/> < abe> —+ < a’sb’>
9 -
=0\ T Y ) helicity
2|af’d()ffljdl‘ % |<uaub> (uaub > + (ua ub> + (ua Ub >‘ bﬂasis
(k, r,n)

Ry can be directly calculated,
once unit vectors (@, a’, b, b')are fixed.

Beam Line

s we define helicity basis at the Higgs rest frame.

r=(h-kcos0)/sin®

+** In tau rest frame, we measure direction of pions and
compute R ysy directly with

@,a',b,b" = (kv
Ci;

(k + 7

1
;ﬁ )rﬁ( —

And measure



Simulation

ILC FCC-ee .
** Main background -
energy (GeV) 250 240 v'/zZ
luminosity (ab™1) 3 5 ete” > Zftt~ -~
beam resolution e* (%) 0.18 0.83 x 1074
beam resolution e~ (%) 0.27 0.83 x 10~ & Event selection
olete — HZ) (fb) | 240.1 240.3
4 of signal (0-BR-L-¢)| 385 663 Myecon — Myl < 5 GeV
# of background (o - BR - L - ¢€) 20 36

¢ Generate the SM events (k, 6) = (1,0) with MadGraph5_aMC@NLO. And use TauDecay Package for t decays.

ete” > HZ, Z->ff(ff=qqete,utu), ™t 5 9t (Br(r* - 9 nt) = 0.109)

/

** Incorporate the detector effects by smearing energies of all visible final state particles with

Etrue _, pobs — (1 + O-E'a{{ftrue
random number from the normal distribution.
Energy resolution oz = 0.03 for both ILC and FCC-ee.

¢ 100 pseudo-experiments to estimate the statistical uncertainties.



- To determine the tau momenta, we have to
reconstruct the unobserved neutrino

momenta (py, py.pL). (pi.py.pL).




- To determine the tau momenta, we have to
reconstruct the unobserved neutrino

momenta (py, py.pL). (pi.py.pL).

- 6 unknowns can be constrained by 2 mass-
shell conditions and 4 energy-momentum
conservation.

m?=(p.)*=(p,. +p,)°

2 _ (1 V2 — 2 helicity
mf - (.’F',—‘) - (}}..-T_ +p£z) bhaSIS
(k,r, n)

) u
(Pee =P = 1)) = |0+ 1) + (0o + 1))

Beam Line

- With the reconstructed momenta, we define
(k, r,n) basis at the Higgs rest frame.



Use impact parameter information

- We use the information of impact parameter b
measurement of 7™ to “correct” the observed
. +
energies of 7~ and Z decay products

- We check whether the reconstructed 7
momenta are consistent with the measured
impact parameters.

- We construct the likelihood function and search
for the most likely 7 momenta.

E,(6,)=1+cF-6,) - E™

5+ = |E_;+| (sin' O &+ — tan O - @)

Ky, (16)) = B, — [B,| (sin™ ©4,({6)) - 4. ({6)) — tan™ ©4,({0)) - &)

(AL ({5DIZ + (AL ({D] . [Ah ({5})]2

by T,

Ly ({0}) =

L({o}) = L ({6}) + LL({d})




Results

ILC FCC-ee
0.830 £ 0.176  0.020 =0.146 —0.019 = 0.159 0.925+0.109 —0.011 +£0.110 0.038 £ 0.095
Cij (0.034 + 0.160 0.981 £0.1527 —0.029 £ 0.156) (0.009 +0.110 0.929+£0.113  0.001 £0.115 )
—0.001 £0.158 —0.021 £0.155 —0.729 4 0.140 —0.026 £ 0.122 —0.019 £0.110 —0.879 £ 0.098
By 2.567 £ 0.279 ~ bo 2.696 £ 0.215 ~ bo
S|p] 1.760 £ 0.161 ~ 4o 1.851 +0.111 ~ bo
Ripsu 1.103 £0.163 1.276 £0.094 ~ 3o

1
SM values: Cj= ( I )
-1

=23 Entanglement =— £ > |
Slpl =2 Steerablity — S§[p] > 1

Ropise = \/5 ~ 1.414  Bell-nonlocal = Rcygy > |

—C— T — e




Superiority of FCC-ee over ILC is due to
a better beam resolution

ILC FCC-ee
energy (GeV)| 250 240
luminosity [a,b Y 3 5
beam resolution e™ (%)| 0.18 | 0.83-10~*
beam resolution e~ (%)| 0.27 | 0.83-107*




CP measurement

. . . P
- Under CP, the spin correlation matrix transforms: C &er

 This can be used for a model-independent test of CP violation. We define:

A= (Cm _ szr)z + (szk — Ckn)2 + (Ckr _ Crk)2 > 0

- Observation of A # 0 immediately confirms CP violation.

« From our simulation, we observe

+—

A = 0.168 +0.131  (ILC) consistent with
~ | 0.081£0.060 (FCC-ec) absence of CPV

» This model independent bounds can be translated to the constraint on the CP-
phase 0

cos20 sin20 0
L X Hyp(cos o+iyssino) y, + Cj=|-sin26 cos25 0 + A(0) =4 sin® 26
0 0 —1



CP measurement

« Focusing on the region near | 6| = 0, we find the 1-o bounds:

7.9° (ILC)
o] < {5_4ﬂ (FCC-ece)
+ Other studies:
Ad ~ 11.5° (HL-LHC) [Hagiwara, Ma, Mori 2016]

Ad ~ 4.3° (ILC) [Jeans and G. W. Wilson 2018]



Summary

» High energy tests of entanglement and Bell-nonlocality has recently attracted an attention.

|+,— >+ |—+>

V2

> 7t7~ pairs from H — t7~ form the EPR triplet state [#(10) > = which is

maximally entangled.
» We investigated feasibility of guantum property tests @ ILC and FCC-ee.

» Quantum test requires to a precise reconstruction of the tau rest frames and impact parameter
(IP) information is crucial to achieve this.

» Spin correlation is sensitive to CP-phase and we can measure the CP-phase as a byproduct of
the quantum property measurement.

_ Entanglement Bell-nonlocality | CP-phase

~50 ~ 40

FCC-ee ~ 50 ~ 50 ~ 30 5.4°






H-1t1t™ at [e]aton colliders

At LHC, main production modeis g g = H —» 7717, which is loop-induced.
Final state 7t have large background due to tree-level g § = Z* - 77 7"%.

The main handle for signal/background is the invariant mass of the visible decay products of two
taus, due to neutrinos in tau decays, invariant mass have long tails and therefore signal and
background overleap.

At Lepton colliders, main production channel near threshold is e”e* —ZH, and main background
ise"e™ »Z 171", where pair of taus comes from an offshell photon.

We know initial 4-momentum, can reconstruct Higgs momentum, independent from Higgs decay
mode.

3180""""'.'."'"""""""' nIlsS0—mm—m—————7————7—
S 480 —_A_TLASPrehmmafy * LDJa!a - = - a)
= - /s =13TeV,139fb ncertainty i e
(-.r-; 140 - All VBF 1 SRs N H— rr (0.92 = SM) g ZH !.‘.r M X
£ - N 71T LLI
S 120 F + EEN Other backgrounds - Signal+Background
o - Misidentified . .

100 E 100 Fitted signal+background -

- - Signal
80 .
--- Fitted background

60

40 E B -i!

20 | 50 i

F - i
== R s N
2 soFE T | 1 I I = ST
n g ..-‘—&-—- I I””““'-;l*nl!m""-"'“ llll]
| S § oo o o o i Y
= E PP A EPEPEPEPE PP S e e o
il TP AP PP ISP S B %15 120 125 130 135 140
50 75 100 125 150 175 200
mMME [GeV) m 1GeV

recoil



. 0<p. <1 e = 1
Separable state (compliment of entangled state): Pk ; '

P@.blAB) = Y pilalpfla)- (blpf 1)  +— p= Y ppi®p,
k k

P = i Qo]
k

Ala) = ala)
/—

P(a|A,p) = (a|p|a)  Probability for outcome a when A is measured on the state /



Separable state (compliment of entangled state): - -

P@.blAB) = Y pilalpfla)- (blpf 1)  +— p= Y ppi®p,
k k

pT = pros Q)ok]"
k

If it is still Physics density
l matrix with Tr=1 and

Positive definite

State is separable

Ala) = ala)
/.

P(a|A,p) = (a|p|a)  Probability for outcome a when A is measured on the state /



. 0<p. <1 e = 1
Separable state (compliment of entangled state): Pk ; '

P@.blAB) = Y pilalpfla)- (blpf 1)  +— p= Y ppi®p,
k k

Non-positive definite ¢
State is entangled € = Z Pk ®[P§]T
k
i : If it is still Physics density
Peres-Horodecki matrix with Tr=1 and
(1996, 1997) Positive definite

State is separable

Ala) = ala)
/—

P(a|A,p) = (a|p|a)  Probability for outcome a when A is measured on the state /



Separable state (compliment of entangled state): - -

Pa.b|AB) = Y plalpflay-(blpl1b)  <«— p= D pipf®p]
k k

Un-steerable state (not-steerable by Alice): [Jones, Wiseman, Doherty 2007]

If this description is possible,

P(a,b|A,B) = Zpk P (a|Ak)-{(b |pf| b) <« Alice cannot influence
I ("steer”) Bob’s local state

Bob

Alice

Send one part to Bob

After measurement, Commutating

Preparing bipartite to Alice classically.

quantum state



Separable state (compliment of entangled state): T -

Pa.b|AB) = Y plalpflay-(blpl1b)  <«— p= D pipf®p]
k k

Un-steerable state (not-steerable by Alice): [Jones, Wiseman, Doherty 2007]

If this description is possible,

P(a,b|A,B) = Zpk P (a|Ak)-{(b |pf| b) <« Alice cannot influence
I ("steer”) Bob’s local state

Hidden Variable state (complement of Bell nonlocal state):

P(a,b|A,B)= ) p(A)P(a|A.2) - Pyb|B. )

A f f
arbitrary conditional probabilities
Ala) =ala)

~

P(a|A,p) = (a|p|a)  Probability for outcome a when A is measured on the state /



Alice . 5 (spin 0) Bob
\ 4

a (spin 1/2) f (spin 1/2)
. -+ S > .
(1=0)

« Alice and Bob receive particles a and (8, respectively, and measure the spin z-
component of their particles. Repeat the process many times.

+ Alice and Bob will find their results are completely random (+1 and -1 50-50%)

« Nevertheless, their result is 100% anti-correlated due to the angular momentum
conservation. If Alice’s result is +1, Bon’s result is always -1 and vice versa.

Alice + + - + - - + + 4 - + -
Bob - - + - + + - - - + - +

qa ., gf - - - - - - - - - - - -



Alice . 5 (spin 0) Bob
\ 4

a (spin 1/2) p (spin 1/2)
°- i - ®
(I=0)

4 a2 € (2, )) pae ) &
{ aZ € (1)) pae i) 4

:_,—/L ~ ) 2/
-} A4}

POE (L, ) =PAeE () ) = %

- Particles have a definite spin-component regardless/prior to the measurement (realism)

- Alice’s measurement has no influence on Bob’s particle (locality)



The explanation in QM is very different.

Although their outcomes are different in each decay, QM says the state of the particles
are exactly the same for all decays:

N v f
|1p(0,0)> = |+_)Z_ |_+>Z

1 V2

i0

up to a phase €

+ Before the measurements, particles have no definite spin. Outcomes are undetermined.

(no realism)



The explanation in QM is very different.

Although their outcomes are different in each decay, QM says the state of the particles
are exactly the same for all decays:

N v f
|1p(0,0)> = |+_>Z_ |_+>Z

1 V2

i0

up to a phase €

+ Before the measurements, particles have no definite spin. Outcomes are undetermined.

(no realism)
« At the moment when Alice makes her measurement, the state collapses into:

( ‘—l—@z -+ Alice finds S [a] = @
) —— <
/ \ ‘—Oz --- Alice finds Sz[a] =@

Alice’s Bob’s outcome is now determined by Alice’s measurement
measurement

(non-local)



The origin of this bizarre feature is entanglement.

general: |¥) = c11|++)z + C12|+_)z + CZ]|_+>3 + ‘322|_—>z

separable: | '¥,,,) i@:lm + e |—>]® [Pl+), + Pl -).]

Alice’s Bob’s local state is intact
measurement
&/

(1-).) entangled | ¥.,,)




general:

separable:

entangled:

entangled:

fnmng[ement
|W) = c | ++ ). +cppl+—=). + |l =+ ). + | ——).
|Weepy = [cfl+). + 51 =).] & [PI+). + L —-).]

|Wen) 3 [l +). + 51 =).] @ [fl+), + L —-).]

|+—=). = |—+).

NG

| lP(G,D}> =

entangled | ¥.,,)

separable

| ¥

sep?




Wy (0) < |+—=) + | —+)

| Pmy o

o0=10
( |+ +) (Clj]cw:n} 8 = n/2 (CP odd)

|+->+|—+>J WO ol [+-) = [=+)]
\ |==)

Parity: P = (n7) - (— 1)! with ey = — 1

JP= 0+='_l=5=1
0= I[=5=0
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