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Do Physical theories reveal
physical reality ?

As every physicist knows, or is
supposed to have been taught,
physics does not deal with
physical reality.  Physics deals
with mathematically describable
patterns in our observations

Henry P. Stapp  LBL-28087



Let’s ask a philosopher
• the only test permitting us to judge a physical

theory and pronounce it good or bad is the
comparison between the consequences of this
theory and the experimental laws it has to
represent and classify   Pierre Duhem

  Cushing
  Philosophical concepts in physics



• Let’s talk to a Mathematician

  Paul Busch, Univ. of Hull, UK



Statistical Interpretation
only measurement outcomes
-Objectification Problem Excluded

Universal validity
challenging  objectification

many-worlds interpretation
decoherence approach &c

Limited validity
objectification

modify qm
superselection rules &c

Objectification/
Universality?

Completeness
nonobjectivity

Incompleteness
all properties objective

hidden variables
ensembles of objects

Objectivity/
Completeness?

Realistic Interpretation
Properties of Individual systems

Referent?

Quantum Mechanics
Minimal Interpretation

relative frequency of
measurement outcomes



Measurement

• For each measurement there is
a QM operator

• Two operators constitute
measurement operators if and
only if they commute

• If they do not commute,  at
least one of them is a
transition operator



Angular Momentum operators

[J2,Ji]=0           [Ji,Jj] = eijk Jk

i.e.  Two perpendicular components
cannot simultaneously be canonical
momenta  --  Classical Mechanics

Only one among x, y and z components
qualifies as a measurement operator.



Jx =  (J+ + J- )/ ÷2
Operating on an eigenstate of Jz,
Jx rotates the vector.
Tells us nothing about x-
component.



Can Quantum Mechanical Description
of Physical Reality be considered
complete ?

Einstein Podolsky Rosen    P.R. 47(1935) 777

• Completeness of Quantum Mechanics
• Physical Reality:

– 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 exists an element of physical
reality corresponding to this physical
quantity



• EPR argument for continuous conjugate
variables Gedanken experiments

• Bohm’s introduction of discrete
Eigen values - spin measurements  (1952)

 Bell’s inequalities to test local hidden
variable theories.   (1964)

















Lamehi-Rahti and Mittig
(Saclay-1976)



LRM result





State Preparation

•  1S0 state of identical particles

Two-nucleon system  (I=1)
 1S0, 1D2, 1G4…..     3P0,1,2  3F 2,3,4..

1S0 resonant state is known in
deuteron

 Z A (d, 2He) Z-1 A* reaction
Work with carbon target











• Proposal - fall 2000
• Three days of running
    summer 2001
deuteron beams = 170 MeV, 1nA
carbon analyzer 10mg/cm2

Several months of data analyses



 loopholes..

• Conscious Observer dependence
• Counterfactuality

 due to small acceptance detectors

• Communication between the particles in
pair

space-like separation















Where do we go from here?

• More statistics
       …….  A lot more

•  p-p elastic scattering
polarized beam  and polarized target



Relative Merits

Two polarimeters   -One polarimeter    +

Need two specs.   -One spectrometer    +

 low background     +Large background  -

High cross section  +Low cross section  -

Polarization
varied at will  +

Pure singlet      +

(p,p)pol(d,2He)



Conclusion

• Di-proton systems offer promise to
test QM

• The quest continues


