
Since
,

we are considering a CHSH strategies regardless of
size

,
5 an equivalent strategy for Alice with exactly I meas.

and its at the end for the outcome.

Alice:

.泳 ‰
Den A = UT (likil 1) Us ;

a projector.

&A
,
Ax3 form a POUM.

Po) Alice outputs ; on input x] = to (Ax Pn) .



Generalized measurements (Interlude)/ not necessarily projectors

PONM [Qa3 sit
. Qa ? 0

, [ Qa = 1.

Pr(a) = tr(Qap). Note POVMs don't specify the post-measurement
state.

Since Qg= 0 => [NIQa14) 10 F 1N)

=>tr(Qcp) = 0.

☆ Prca ) - Ʃ tr(Qep )-( (a) 0) - I
.

Possible implementations : MaMa = &a

thenPa

-

Malaaps .

# Fix ye (0 ,
1). 2 outcome POUM

QI - .Eigewalreof QI are. s 0QI 2 O
.



Q++ Q _
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PrContcome t] - tr(Q+ p)
- 完 + 是 tr(z 0) .

What is the operational interpretation of this POVM ?

E
.

W = e4i/3 and define for b = 0
, 42,

1): 1

.Let Q と = 号1%<φa
.

( ω nω ; )
Since 1 + Whw = 0. [Q = 1.



⑳
Alize 4n)sTI Bob

Q

Pr( と - k
' ] ← 21 Ql Ψc) = 豪

Turns ou best possible algorithm (not easy
to

prove).

Tuplemntingpornl一

niy
to
CHsH.Forgounlctntayy .

pCarblx . y ) -tr (Ax *By Pm).
So

,

(win) -

市品Caxb - xy

]t
( AD* ByPAr)。



Simplifying even further.

OHD 11
,

1 +2 -1
,

x xD (1)

Assume Alice & Bob answer with + 100 - 1
. (Semantic

Win condition isa . b = (-1)*) and

Alice describedby DOVM [Ax
,

1x"3 . Sim . for Bob.

Befine Ax = A-A = 1 . Ax + 512 ·A

Ax = 1 and so has only + 1
,
- eigenvalues (binary observable).

By = By - Bij. Then,

oCuin] - 線\ 0 ns劇( 会+a
響 )+ *( A** By” PB)

- 主 +字Ʃ
?

,

ab (- 1)
*

4 +r ( A& @By
"

PaB)
꽃



험I :tr (tyxy aA ④ bBy
"

PAB)
結

“ 主字 ( 歩り 州AxOBy? m)-

Define CHSH = [ (1) AxOBy ,
an operator on 2(M 2).

Then Pilurin ) - 尖 t 字tr(Ceste PaB) .

For T
, SE 2(22)

,

the operator worm is defined as

11T110
p

~ 1111=11 T 14211.

Note laT + Sllop= 191 . IIT1p+ I/SIop

1TSII= IITI; I/Sllop

IISTI= IISIIITlop



Claim PAB d
. m

.

then

+[CHSH PAs) = ICUSHlop

PAB = ? Pil 4is4il than

tr (CHSH PAb) - { Pi <P: ICUSHI4:> = [ Pillanswillop = ICUSHllop-

So suffices to prove
that llusullop [2Ve

Lamma For
any binary observables to

,

N
,

Bo
,
B, 1Cnsvllap =&E.

PE .

CHSH

= A. * Bo + A, Bo + A.B
,

- A,B,

=> (Ao + A
.) Bo + [Ao-A17 B

,

Using A: A= B: B , = 1 + commutation then



CHSH" = (Ao + A
.) 1 + (70 - A

.) 1

-> (Ao + A
,7(10-A .) * BoB

,
+ [Ao-A , 7 (Ao + A

.
) B

, Bo

← 41 + ( AoA
,

+ A
, Ao - AoA .

- A
.
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,

- A
,

A 0 ) ∞ (- B 0 B
.)

+ ( AoA ,
- A

, λ 0) @ (B ,
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- 41 t (Ao
,

A
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B
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where [R , S) : RS-SR is short form for the commutator.

Since 11 Aillop 1
,
then I [Ao ,

A
. ]llop =2

and sim
.

11 CB
,, Bollop 2.

Then IICHSHI - 11SHSH"llop = 114Allop + 11(10
,
1

.] llap : 1[3 , Bo]llop
上 4 れ 2 . 2

- 8

=> IICHSHllop = 25.



So indeed
,

no better strategy exists ! Optimal value ofthe game
is aus TY8

.

Next : CHSH Rigidity.

Any strategy can b expressed as (5Ax3, [By 3
, PaB).

Our goal is to characterize
any strategy

that succeeds w pr
auto.

Our optimal strategy :

℃- Z ,At= X ,
B
=H . Bizt

:

高 ( ; : 、ご ; )

AAt- - AiAt ,BiBI --B
,iBanti - commutation

CHSH
*= CHSH(A , AT , B ,

BT) has a unique 2 eigenvector :

LEPR>
.


