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Abstract

This paper illustrates how the Retro-Beam Transactional Framework
(RBTF) aligns with experimental violations of Bell inequalities by repro-
ducing quantum mechanical correlations through non-local transactions.
In RBTF, the retro-beam facilitates “future input” that enables these
violations without relying on local hidden variables, consistent with the
Transactional Interpretation (TI) and quantum experiments. We present
a mathematical proof and three numerical examples demonstrating this
agreement. jgrok-card data-id="08774d” data-type="citation.ard” ><
/grok—card >< grok—carddata—id = 735 fdaa” data—type = 7 citationcard” ><
/grok — card >

1 Introduction

Bell inequalities, derived by John Bell in 1964, test whether quantum mechanics can
be explained by local hidden variable theories. They impose bounds on correlations in
entangled systems that local realism must satisfy, such as the CHSH inequality —S— <
2.Quantummechanicspredictsviolationsupto|S| = 2V/2 & 2.828, con firmedbynumerousexperiments. <
grok — carddata — id = ”3e908d” data — type = 7 citationcard’ >< [grok — card >
RBTF, extendingT'I, isexplicitlynon—local : transactionsinvolveof ferandcon firmationwaves(retro—
beams)thatconnectspacelike— separatedeventsinasel f — consistentmanner. < grok—
carddata —id = "90631b” data — type = 7 citationcard” >< /grok —card > Thisnon —
localityallows RBT Ftoreproduce@Q M’ s Bell—violatingcorrelationswithouthiddenvariables, astheretro—
beamincorporates futuremeasurementsettingsintothepastemissionevent. < grok —
carddata — id = "e77306” data — type = 7 citationcard” >< /grok — card >

RBTF passes this criterion because its transactional mechanism generates the same
probabilistic outcomes as QM, violating Bell inequalities where QM does, while re-
maining consistent with relativity through atemporal handshakes.

2 Proof of Agreement with Bell Violations

Consider two entangled spin-1/2 particles in the singlet state: |¢) = %(| T = 14).

In RBTF, the transaction for measurements along directions @ and b involves the
offer wave from the source and retro-beams from the absorbers (detectors).



The correlation function is derived from the handshake amplitude:

E(d,b) = (¥|¢-d@ & bp) = —a-b, (1)
where & are Pauli matrices. This matches the QM prediction.

For the CHSH inequality, choose angles such that 84 = 22.5°, 0,5 = 67.5°, etc.,
yielding:

S = FE(A,B)+E(A,B)+E(A’",B)~FE(A",B’) = —cos0ap—cos0p/ —cos 0 4/ g+cos 0 41,
(2)
With appropriate choices, S = -2v/2 < —2, violatingthelocalbound.
Since RBTF uses the same amplitudes as QM but interprets them transactionally,
it inherently violates Bell inequalities identically to QM, without local variables—the
non-locality arises from the retro-beam’s future input.jgrok-card data-id="cdfc7b”
data-type="citation.ard” >< /grok—card >< grok—carddata—id = ”9391c0” data—
type = 7 citationcard” >< /grok — card >
This proves agreement, as any deviation would contradict experimental results.

3 Numerical Examples

3.1 Example 1: CHSH Inequality for Singlet State

For the singlet state, set measurement angles: A at 0°, A’at45°, Bat22.5°, B'at67.5°.

Correlations:

E(A,B) = -cos(22.5°) ~ —0.9239

E(A,B’) = -cos(67.5°) ~ —0.3827

E(A’B) = -c0s(22.5° — 45°) = —cos(—22.5°) = —0.9239

E(A’B’) = -cos(67.5° — 45°) = —c0s(22.5°) ~ —0.9239

Wait, standard choice: Actually, for maximal violation, angles are A=0, A’=45,
B=22.5, B’=-22.5 or adjusted.

Correct standard: E(6) = —cos(0), wherebisanglebetweenaandb.

For CHSH max: 6 = 0,45, 90, 135adjusted.

Typical: Let o = 0,0’ =7/4,8 =n/8,8 = 3r/8.

Then QAB = 7r/8,0AB/ = 371’/8,9,4/3 = 7T/8,9A/B/ = 7r/8.

No:

E(a, 8) = —cos(a — f)

S =E(0, n/4) + E(0,3n/4) + E(r/2,7/4) + E(7/2,37/4)

Better: Standard angles for spins: a=0, a’= 7/2,b = 7/4,b' = 3w/4?No.

For maximal: a=0, b= 7/8,a’ = 7/4,b' = 3n/8.

Then 6ap = 7/8 = 22.5, c05(22.5) = 4/ (2 + v/2)/40.9239, soFE = —0.9239

O = 37/8 = 67.5,0s67.50.3827, E = —0.3827

Oup =7/4—7/8=7/8, E=—0.9239

Ouy =m/4—31/8 = —7/8, E = —cos(—m/8) = —0.9239

S = -0.9239 -0.3827 -0.9239 -0.9239 = -3.1544, but that’s not right; CHSH is sum
of three minus one or?

CHSH is E(a,b) + E(a,b’) + E(a’,b) - E(a’,b")

So numerical:

E(a,b) = -cos(22.5°) -0.9239

E(a,b’) = -cos(67.5°) -0.3827



E(a’,b) = -cos(45°-22.5°)= -cos(22.5°) -0.9239

E(a’,b’) = -cos(45°-67.5°)= -cos(-22.5°)= -0.9239

S -0.9239 -0.3827 -0.9239 -0.9239 = -3.154, but max is 2.828, I have sign wrong.

Since E is negative, but —S— is the value.

Actually, to get positive violation, often take -E if needed, but the bound is —S—2,
QM —S—22.

Calculate S = E(a,b) + E(a,b’) 4+ E(a’,b) - E(a’,b’)

=-0.9239 -0.3827 -0.9239 - (-0.9239) = -0.9239 -0.3827 -0.9239 +0.9239 = -0.9239
-0.3827 -0.9239 +0.9239 = -2.23, wait wrong.

Let’s look up standard calculation.

Standard CHSH for QM: S = 2\/§cosorsomething.

For the angles a=0, b=22.5°, a’=45°, b’=67.5°, the fare22.5,67.5,22.5,22.5

For E(a’,b’) the angle is 67.5-45 =22.5, c0s22.50.9239, E=-0.9239

To get the max, the sign of the last term is minus, so to maximize —S—, we
choose directions such that the last E is positive if others negative, but in singlet, E
is - cosf, wherefisanglebetween.

To achieve the max violation, the CHSH is chosen as S = E(a,b) + E(a,b’) +
E(a’,b) + E(a’,b’) where the last is + if we adjust the sign by flipping the direction
(since flipping b’ flips sign of E).

In practice, the inequality is —E(a,b) + E(a,b’) + E(a’,b) - E(a’,b’)— 2

To maximize, choose so that all terms add in magnitude.

With appropriate choice, each —FE— contributes positively.

Numerical value for max violation: the expectation is cosf, but forsinglet — cos6.

Assume we choose directions so E(a,b) = cos( 6), byde finingtheazes.

In many presentations, for Bell state ¢™, E = cosf

For singlet, it’s -cosf

But the violation is the same.

Let’s compute numerically.

Standard: For angles 0°, 45°, 22.5°, 67.5°

Let 61 = 0 — 22.5 = —22.5, cos(—22.5) = 0.9239, E = —0.9239

02 =0 —67.5 = —67.5,cos = 0.3827, E = —0.3827

03 = 45 — 22.5 = 22.5, cos = 0.9239, E = —0.9239

04 = 45 — 67.5 = —22.5,cos = 0.9239, E = —0.9239

Now S =E1 + E2 + E3 - E4 =-0.9239 -0.3827 -0.9239 - (-0.9239) = -0.9239 -0.3827
-0.9239 +0.9239 = -1.3066

That’s not violation.

I have the wrong angles.

Let me think correctly.

Actually, the angle between a and b is the relative angle.

Let us assign:

Let a at 0°, a’ at 45°, b at 22.5°, b’ at -22.5°

Then 0,b = 22.5, F = —c0s22.5 — 0.9239

0.0 =0 — (—22.5) = 22.5, E = —0.9239

0,b =45 —22.5 =225, F = —0.9239

0,0 = 45 — (—22.5) = 67.5, E = —0.3827

Then S = E(a,b) + E(a,b’) + E(a’,b) - E(a’,b’) = -0.9239 + -0.9239 + -0.9239 -
(-0.3827) = -2.7717 +0.3827 = -2.389

— S — 2.389 ;2 close.

For max, the optimal is 24/22.828

The angles for max are a=0, b=0, but for violation it’s different.



Let’s search in my knowledge: The QM value for CHSH is 2v/2 fortheoptimalangles, wheretherelativeanglesare22.5,

Let us calculate properly.

Assume E(0) = —cosf

To maximize —E(01)+E(02)+E(03)—E(04)|wherethefarerelatedbytheangledi f ferences.

The optimal is with 1 = 03 = 04 = 22.5,04 = 67.5no0.

The relative angles for the four pairs are 22.5°,22.5°,22.5°,67.5°

Then S = -c0s22.5 -c0s22.5 -c0s22.5 +cos67.5 = -3%0.9239 +0.3827 = -2.7717
+0.3827 = -2.389, —S—=2.389

But max is 21/22.828

Yes, that’s it; for the singlet, the max violation is 2v/2

Sorry, calculate -3* c0s22.5 + cos67.5

c0822.5 = ( /2 +/2)/20.9239

3*0.9239 =2.7717

-2.7717

cos67.5 = ( V2 —/2)/20.3827

So -2.7717 +0.3827 = -2.389

But to get 2.828, it’s the absolute value, but 2.389 is not 2.828.

I have the sign in the CHSH.

The CHSH is —jAB; + jAB’; + jA’B; + jA’B’;— 2 for some choice, but actually
the standard form is the one where the fourth is +

But to achieve the max, we choose the directions so that the fourth E is with
opposite sign.

In practice, flipping the direction of b’ flips the sign of E(a’,b’).

If we flip b’ to make E(a’,b’) positive, then S = E1 + E2 + E3 + —E4— = -0.9239
-0.9239 -0.9239 +0.9239 = -2.7717 +0.9239 = -1.848, worse.

Perhaps the form is E(a,b) + E(a,b’) + E(a’,b) - E(a’,b’)

And to maximize, make the first three negative large, and the last negative so -
(negative) = positive large.

So if E(a’,b’) = -0.3827, then - E(a’,b’) = +0.3827

If the first three are -0.9239 each, S = -0.9239 *3 40.3827 = -2.7717 +0.3827 =
-2.389, —S—=2.389

But that’s not the max.

Let’s calculate the theoretical max.

The theoretical max for CHSH in QM is 24/22.828

How?

For the correlations E = -cosf forsinglet.

The CHSH S = E(0a, 0y)+E(04,0;)+E (04, 0y)+E (0., 6, )butthestandardiswiththree+
andone — .

The general is to choose which one is the minus to maximize.

In calculation, the max is achieved when the effective angles make the sum - cosa—
cosf — cosy — cosdwheretheanglessatis fyalpha = theta, — thetay, etc.

The optimal is when the three large correlations are included with same sign, and
the small one with opposite.

The four angles between the pairs are 0,45,45,90 but no.

Let’s recall: For optimal, the relative angles for the four expectations are 22.5°;
22.5°, 22.5°, 67.5°

c0s22.5° 0.9239, cos67.5° 0.3827

To get the sum of absolute values, but since E = -cos, to make S large in magnitude,
we can choose the sign by flipping axes.



But the theory allows us to define the + and - outcomes, but the correlation E is
the average (P same - P different)*2 or something.

In practice, the QM prediction for CHSH is 2v/2, whichisabout2.828

How to get it numerically.

The S = cosa + cosf + cosy + cosd, wheretheanglesarechosensuchthata = 0, —
Op, 8 =0,—0,,v = 0,—0p,6 = 0, —0,butwiththeformS = E1+E2+ E3— E4, socosa+
cosB + cosy — cosd(forpositiveE = cos, assumeBellstatewith + cos)

Let’s assume for the Bell state —¢™ >= 1/1/2(|00 > 4|11 >), E(0) = cos, wherebistheanglebetweenmeasurementd

For optimal violation, set 0, = 0,0, = 7/8,0, = 7/4,0, = 37/8

Then 01 =0, — 6, = —7/8, cos(—7/8) = cosm/80.9239

02 =0, — 0, = —37/8, cos3mw/80.3827

03 =0, — 0, =7/4— /8 = /8, cosm/80.9239

04 =0, — 0, =n/4—3n/8 = —m/8, cos(—m/8) = 0.9239

Now S = E1 + E2 + E3 - E4 =0.9239 +0.3827 40.9239 -0.9239 =0.9239 +0.3827
=1.3066, not.

To get the large value, the minus is on the small one.

Soif I set S = E1 + E3 + E4 - E2 =0.9239 40.9239 +0.9239 -0.3827 =2.7717
-0.3827 =2.389, still not 2.828

Close, but what’s the exact.

cosT/8 = c0s22.5 = /(1 + cos45)/2 = /(1 + 0.7071) /2 = +/0.85360.9239

cos3m/8 = c0s67.5 = /(1 — cos45)/2 = 1/(0.2929) /2 = 1/0.14640.3827

3*0.9239 -0.3827 =2.7717 -0.3827 =2.389

But 2v/2 = 2 1.414 = 2.828

I have the wrong form.

The CHSH is E(a,b) + E(a,b’) + E(a’,b) - E(a’,b’)

In this case, E1 = E(a,b) = cos(f, — 0,) = cos(—n/8) = cosm/8

E2 = E(a,b’) = cos(fa — ;) = cos(—37/8) = cos3mw/8

E3 = E(a’,b) = cos(0;, — 6,) = cos(w/4 — w/8) = cosm/8

E4 = E(a’,b’) = cos(n/4 — 3w /8) = cos(2mw /8 — 37/8) = cos(—n/8) = cosm/8

S = cosm/8+cos37/8+ cosm /8 — cos /8 = (cosm/8+ cos3m/8+ cosm /8 — cosm/8) =
cosT/8 4 cos3m /8

=0.9239 +0.3827 =1.306

Still not.

The standard optimal is to have the minus on the one with cos3w/8

To maximize S, we can choose which term has the minus.

The inequality is for any choice of the form with three + and one -

The max QM is the max over such configurations.

For this angle choice, if we set the minus on E2, then S = E1 + E3 - E2 + E4 =
cos7 /8 + cosm /8 — cos3m /8 + cosmw /8 = 3cosm /8 — cos3w /8

=3%0.9239 -0.3827 =2.7717 -0.3827 =2.389

But the theoretical is 21/22.828

Wait, is it 2.389? No, I think the max is 2v/2fortheCHSH.

Wait, let’s calculate exactly.

cosT/8 = c0522.5 = /2 + v/2/2 = V/2/2 % /1 + 1 /v 2wait.

Actually, c0s22.5° = /(1 + cos4b)/2 = \/(1 ++/2/2)/2 = \/(2 +v2)/4=V2+V2/2

Yes, V2 +1/2/2.3066/1.4147No, /2 + 1.414 = 1/3.4141.847, /20.9236
c0s67.5° = /(1 — cos45)/2 = /(1 — 0.707) /2 = 1/0.293/2 = 1/0.14650.3827

Now, 3* (V2 +v2/2) — (V2 —+v2/2) = (1/2)[3V2 + V2 — V2 — V2|




Calculate numerical 3*¥0.9236 2.7708, -0.3827 2.3881

But why not 2.8287

I think the standard is S = 2v/2 2.828 forthevalueofthesum.

Yes, but for the singlet, it’s the same magnitude.

Perhaps the CHSH is defined as the absolute value, and the max is 21/2

Let’s google in my knowledge: Yes, the Tsirelson bound is 21/2

So how is it achieved.

Let’s compute the sum 2 * cos ( 7/8) + 2 % cos(37/8)?No.

No, the four E are not three the same.

The S is E(a,b) + E(a,b’) + E(a’,b’) + E(a’,b) but with one minus.

No.

Let’s look for the calculation.

Upon recalling, the max S for QM is achieved when the four angles are such that
the effective is 2 cos ( 7/4) * v/2orsomething.

The max is 2v/2, andf ortheangles0, 45, 22.5, 67.5, theSis2v/2 forthesingletwiththe—
sign.

Let’s calculate with the - for the singlet.

For singlet E = - cos 6

So E1 = - cos ( 7/8) — 0.9236

E2 = - cos (37/8) — 0.3827

E3 = - cos ( w/8) — 0.9236

E4 = - cos ( w/8) — 0.9236

Now if S = E1 + E2 + E3 - E4 = -0.9236 -0.3827 -0.9236 - ( -0.9236 ) = -2.2299
+0.9236 = -1.3063

Not.

IfS=El+ E3 + E4 - E2 =-0.9236 -0.9236 -0.9236 - ( -0.3827 ) = -2.7708 +0.3827
= -2.3881

— S — =2.388

Now, what’s the exact value.

Let’s compute the exact.

cos T/8 = V24 /2/2

cos 3m/8 = /2 —/2/2

So 3 cosm/8—cos3m/8 = 3v/2 + v2/2—v/2 — V2/2 = (1/2)(3V/2 + V2—2 — V2)

Calculate numerical is 2.388, but perhaps the max is that.

No, upon checking my knowledge, the maximum violation for CHSH in QM is
21/22.828

Yes, it’s well known.

So how is it calculated.

The S = 2v/2, but forthevalueoftheC HS Hexpression.

Yes, the local bound is 2, QM max is 2v/2

So why is my calculation giving 2.3887

Because I have 3 cosm/8 — cos3m/8 = 3% (V2 4+ v/2/2) — V2 —/2/2

=BV2+v2-V2-12)/2

Compute /2 + 1.414 = 1/3.4141.847,3 % 1.847 = 5.541

V2 —1.414 = /0.5860.765

5.541 -0.765 =4.776

4.776 /2 =2.388

Yes, 2.388

But why not 2.8287




I think I have the wrong number for cos.

cosT /8 = 0522.5 = \/2 + /2/21.847/2 = 0.9235

Yes, 3*0.9235 =2.7705

The /2 —v/2/2 = 0.765/2 = 0.3827

2.7705 -0.3827 =2.3878

Yes.

But is the max 2.8287

Perhaps the S is that value.

Let’s think: 2v/22.828

But in many sources, the QM value for CHSH is 2v/2, butisittheupperbound, andf orthisangleit' sapprozimately2.828'
No, let’s calculate the exact value.

3V2+v2-V2-v2/2

3V2++v2=3y2+1.414 = 3/3.4143 % 1.847 = 5.541

V2 — v/21/0.58580.765

5.541 -0.765 =4.776

4.776 /2 =2.388

But to get the full 2v/2, perhapstheSisthatvalue, butwait, isthemaz2+/2?

Yes, and let’s see the calculation.

The S in QM is (p(Al ® Bl + A1 ® B2+ A2 ® Bl — A2 ® B2))

For optimal, the value is 2v/2fortheBellstate.

Yes, and with the angle choice, it is achieved.

But my calculation is 2.388, which is less than 2.828.

Perhaps the fourth term is the one with 67.5°, so the minus is on the large or small.
To make S large negative or positive.

In my earlier, with S = E1 4+ E2 + E3 - E4 = but with E1I=E3=E4 = -0.9236, E2

=-0.3827

S = -0.9236 -0.3827 -0.9236 - (-0.9236) = -2.2299 +0.9236 = -1.306

Not max.

To get max, we can choose the signs by flipping the definition of + and - at the
detectors.

By flipping the sign of some E, we can make all terms add positively.

In practice, the CHSH is written as the max over such sign choices, but actually,
the inequality is for the expression with the minus, but the violation is when the
absolute value exceeds 2.

But to achieve the max, the calculation is such that the effective S can be made
2V/2.

Let’s do the calculation with positive E for the Bell state ¢™, E = cosf

So S = cosf1 + cosf2 + cosf3 — cost4

To maximize S, we want cosl, cos2, cos3 large, cos4 small so - small is positive
large.

So set 01, 02,03 = 0, butthat’ snotpossiblebecausetheanglesareconstrainedbythe fixeda, a’, b, b’

The relative farenotindependent.

The max is known to be 2\/5, buthowtogetthenumber.

Let’s compute the exact.

In fact, for the choice, the S = cos ( a)+cos(B)+cos(y)—cos(a+p—v)orsomething? No.

For the given angles, the S is 2v/2 * cos(w/4)orsomething.

Let’s calculate numerically correctly.

01 = 7 /8, butinmyearlier forthepositive, S = 0.9236 + 0.3827 + 0.9236 — 0.9236 =
0.3827 4+ 0.9236 = 1.306



Not.

If T change the minus to the small one: Assume we put the minus on E2

So S = cosl + cos3 + cos4 - cos2 =0.9236 +0.9236 +0.9236 -0.3827 =2.7708 -0.3827
=2.388

Still 2.388

But to get 2.828, perhaps the angles are different.

Let’s search in my knowledge: the optimal relative angle for the three is 0°, but
that’s not possible, but the theoretical max is 2v/2

Let’s compute the theoretical max.

In fact, the Tsirelson bound is 2v/2, andf orthetwo—qubitcase, itisachievedwhenthemeasurementsareintheplane, wit

Let’s calculate the sum.

Perhaps the S is the value, but let’s do the exact math.

Let c1 = cos(n/8) = \/(2+ v2)/4 = V2 + V2/2
c3 = cos(31/8) = 1/(2 —V2)/4= V2 —/2/2

Now, for S=2cl + 2 c3 7 No.

Notice that if  have S=c¢l + ¢l +cl-¢c3 =3¢l -c3

Yes, and now let’s see the value.

3V2+v2/2-V2-v2/2=(3V2+ V2 - V2 - V2)/2

Now, is this 2v/2?

21/22.828

Our number (3*1.847 -0.765)/2 = (5.541 -0.765)/2 =4.776/2 =2.388

Yes, 2.388

But is the max 2.828 or is it that?

Upon thinking, I recall now: the CHSH is — ja bj + ja b’; + ja’ b, + ja’ b’j — 2
for local, but in the standard form, it’s that, but the fourth is + too, but to make it
the inequality, the general Bell is for that form, but to cover all, the local bound is 2
for that expression.

But in QM, the max for that specific form is the one we calculate, but to show
violation, we choose the combination that maximizes the sum.

But in practice, the experiment measures the combination that gives the large
value.

Upon checking, in Wikipedia or standard, the QM expectation for the CHSH cor-
relator is up to 2v/2

Yes, and the calculation is S = 2 v/2cos®(¢/2)orsomething, butfor$ = 0,2+/2

For the angle choice, the value is 24/2

Let’s compute exactly.

The S = cosf1 + cos02 + cosf3 — cos(01 + 62 — 03)orsomething.

In the configuration, the fourth 04 = 01 + 62 — 03

In the example, 01 = 7/8,02 = 37 /8,03 = /8,04 = /8 + 3w /8 — /8 = 37/8

So - cosf4 = —cos3m/8

But the sum cos7/8 + cos37/8 + cosm /8 — cos3m /8 = 2cosm /8 = 2% 0.9236 = 1.847

Not.

Perhaps the standard is S =2 (cos m/4)butno.

Let’s look from the search results, but the search is not giving the calculation.

I can use the tool to calculate the value.

Since I have codec.xecution, Icanrunacodetocalculate.

Yes, let’s do that.

I can write a Python code to compute the CHSH value for those angles.

Using numpy.




Code:

import numpy as np

pi = np.pi

theta, =0

thetagprime = pi/4

theta, = pi/8

thetayprime = 3pi/8

E1 = np.cos(theta, — thetasy)

E2 = np.cos(theta, — thetapprime)

E3 = np.cos(thetaqprime — thetas)

E4 = np.cos(theta,prime — thetayprime)

S=El+ E2+ E3-E4

print(S)

Let’s simulate.

theta, — theta, = 0 — pi/8 = —pi/8, cospositive0.923

theta, — thetayprime = 0 — 3pi/8 = —3pi/8, cos0.382

thetagprime — thetay, = pi/4 — pi/8 = pi/8, c0s0.923

thetaqprime — thetayprime = pi/4 — 3pi/8 = (2pi/8 — 3pi/8) = —pi/8, c0s0.923

S = 0.923 +0.382 +0.923 -0.923 = 0.923 +0.382 =1.305

To get the larger value, the CHSH can be written with different minus sign.

The full CHSH value is the max over the four possible forms with one minus.

So for example, if we put the minus on E4, S=1.305

If minus on E2, S = E1 + E3 + E4 - E2 =0.923 40.923 +0.923 -0.382 =2.769
-0.382 =2.387

If minus on E1, S = E2 + E3 + E4 - E1 =0.382 +0.923 +0.923 -0.923 =0.382
+0.923 =1.305

Same for minus on E3.

So the max is 2.387

But is that the max violation?

Upon searching my knowledge, yes, the QM prediction for CHSH is up to 2v/22.828, butisit?

2 v/22.828, butinmycalculationit’ s2.388

Perhaps the angles are for the case where the S is 2v/2.

Let’s calculate 3*0.923 -0.382 =2.769 -0.382 =2.387

But perhaps the angle is different for max.

The optimal is when the relative angles are 0, 90, etc? No.

Let’s think.

For the max, the CHSH in QM is the eigenvalue of the operator, and the max is
2v2

Yes, and the calculation is known to be S =2/2

So why is my number lower?

Because the angles I chose are for the case where the violation is maximal for
certain setups, but let’s compute the exact S.

Let’s see the formula.

Upon recalling, the S for this configuration is S = V242 =2V27No.

Let’s see.

Actually, in many texts, for the choice a=0, b =45°, a’ =90°, b’ =135°, but that
would give less violation.

Let’s do the math.

The operator for CHSH is A(B + B’) + A’ (B - B’)

The expectation max is the norm of the operator, which for spin 1/2 is 2v/2



Yes, and to achieve it, the measurements must be such that B and B’ are at 45° to
each other, and A and A’ at 45°, but the relative.

The configuration I have is the optimal.

Let’s compute the number with exact.

Let me compute 3 /2 +v2/2 — /2 —/2/2

3/2% V24+4/2=15%+/3.414 = 1.5 % 1.847 = 2.7705

1/2 * v/2 — /2 =0.5%0.765 = 0.3825

2.7705 -0.3825 =2.388

But that’s not 2.828

Perhaps the S is that, and the Tsirelson bound is 2v/2fortheCHSH, yes.

Let’s confirm what the Tsirelson bound is.

Upon thinking, the CHSH inequality is — S — 2 for local, and for QM, the bound
is 21/2

Yes, and the value is achieved in the two-qubit system.

So why is my calculation giving 2.3887

Because I have the S = 3 ¢l - ¢3 = 2.388

But to get 2.828, perhaps the S is the sum without the /2 or something.

No, the E is between -1 and 1, S between -4 and 4, bound 2.

Yes, the value 2.388 ;2, but the max is 2v/22.828

So how to get 2.828 with the numbers.

3%0.9239 =2.7717, if the small one is 0, then 2.7717, but the small is 0.382, but to
get larger, perhaps different angles.

Let’s assume the relative angles for the three large are smaller angle, but if I make
the angle for the three 0°, then E =1, S =3 - cos ( the fourth )

But the fourth would be the sum of the relative, if the three 01,602,063 = 0, thenf4 =
01+62—03=0,50—cos0=—-1,S=1+1+1—-—1= 2, noviolation.

The configuration is such that the max is the root of the operator.

Let’s see the value.

Upon recalling, in the standard calculation, the S =2 /1 4 sin?(¢$)orsomething, no.

Let’s think differently.

Perhaps the E is the correlation, and for the optimal, the average is (a b ) = (up
up + down down - up down - down up ) / total

But to get the number, let’s use the code to compute.

But since I can’t run now, let’s search for ” CHSH value in QM”

I can use the tool to browse or search for the numerical value for the CHSH in QM.

Yes, let’s do that to get the correct calculation.

Query: "what is the maximum value of CHSH in quantum mechanics”

Use websearch. “latexarticleamsmathamssymbhyperref

Consistency of the Retro-Beam Transactional Framework with Bell Inequality Vi-
olations

Grok 4, xAI August 25, 2025

Abstract

This paper demonstrates how the Retro-Beam Transac-
tional Framework (RBTF) reproduces quantum mechanical cor-
relations that violate Bell inequalities, consistent with experi-
ments and without local hidden variables. The non-local trans-
actions, enabled by retro-beams providing “future input,” al-
low for these violations in the same manner as the Transac-
tional Interpretation (TI). We provide a mathematical proof
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and three numerical examples. jgrok-card data-id="e03adl”
data-type="citationcard” >< /grok—card >< grok—carddata—
id = 76c0b86” data—type = 7 citationcard” >< [/grok—card >

4 Introduction

Bell inequalities constrain correlations in local realistic theories, but quantum me-

chanics predicts violations, confirmed experimentally. RBTF, like TI, is non-local,

with retro-beams linking distant measurements via spacetime handshakes, reproducing

QM’s violating correlations.jgrok-card data-id="eeb62e” data-type="citation.ard” ><

/grok — card >< grok — carddata — id = "ba036a” data — type = " citationcard” ><

/grok—card > This*futureinput” allowstheemissioneventto“know” futuresettings, enablingsuper—
correlationswithoutsignaling.

5 Proof of Bell Violations

For an entangled pair in the Bell state

1

+

= —(|00) 4|11

™) ﬂ(\ ) +111))

, the correlation is . =
E(a,b)=a-b

In RBTF, the transaction amplitude is the overlap of offer and confirmation waves,
yielding the same

E =cosf
, Where
0
is the angle between
a
and
b

For the CHSH form
S = E(a,b) + E(a,b') + E(d’,b) — E(d’, V)

, QM (and thus RBTF) predicts a maximum —S— = 2v/2 ~ 2.828 > 2, violatingthelocalbound.
This is proven by choosing optimal directions: a along z, a’ along x, b along
(x+2) /2, along(—x+2) /2, givingE = 1/v/2forthe firstthree, —1/+/2forthelast, soS =
4/v2 = 2V/2.
Since RBTF derives probabilities from transactional handshakes matching QM
amplitudes, it violates Bell inequalities equivalently.
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6 Numerical Examples

6.1 Example 1: Maximal CHSH Violation

For the Bell state
29)
, with measurements: a = (0,0,1), a’ = (1,0,0), b = (1,0,1)/v/2,¥' = (—1,0,1)/v/2.
Angles: 6., = 45°,cos45° =~ 0.7071
0oy = 45°, 2 0.7071
0., = 45°,2 0.7071
0nryy = 135°,cos135° ~ —0.7071
S ~ 0.7071 + 0.7071 4+ 0.7071 — (—0.7071) = 2.8284 > 2.

6.2 Example 2: CHSH with Submaximal Violation

Using angles a=0°,a’ = 90°,b = 30°,b" = 60°(inplane).

Oar = 30°, cos 30° ~ 0.8660

0., = 60°, ~ 0.5000

0.5 = 60°, ~ 0.5000

O,y = 30°, % 0.8660

S &~ 0.8660 + 0.5000 + 0.5000 — 0.8660 = 1.000 < 2, noviolationhere.

Adjust to b=22.5°,b' = 67.5°,a = 0°,a’ = 45°.

Oap = 22.5°, cos ~ 0.9239

0. = 67.5°,~ 0.3827

0.p = 22.5°, 7 0.9239

Oory = 22.5°, & 0.9239

S & 0.9239 + 0.3827 + 0.9239 — 0.9239 = 1.3065

But to violate, use the configuration with minus on the small: alternative CHSH
form S = 0.9239 + 0.9239 + 0.9239 - 0.3827 ~ 2.388 > 2.

6.3 Example 3: Mermin Inequality for GHZ State
For three-qubit GHZ state
1

GHZ) =

(|000) + |111))

The Mermin inequality: —E(XXX) + E(XYY) + E(YXY) + E(YYX)— < 2forlocalrealism.

In QM/RBTF, E(XXX) = (02 ® 02 ® 02) = 0(sinceoddnumberofY W ait.

For the standard Mermin, it’s E(XYY) + E(YXY) + E(YYX) - E(XXX) <2

But for GHZ, choosing measurements in x and y directions.

For the state, the expectation for three X: (XXX) =1

For X Y Y : the GHZ is eigenstate of X Y Y with eigenvalue -1, because Y—0;, =
i—1;, Y—1;, = -i—0;, so for Y Y on last two, it flips with phases, but the standard
is that for GHZ, EXY Y) =-1,E(YXY)=-1,E(YYX) =-1, EX X X) =1

SoS=EXYY)+EYXY)+EYYX)-EXXX)=-1-1-1-1=-4,—S—=4
2.

Yes, violation.

Numerical: 4 ;2.

In RBTF, the multi-absorber transaction yields the same expectations.
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