
It’s all about GARY

how Physicists
celebrate a birthday





Gary and Mike: 
Experiments that average over observable information, 

like spin, don’t really tell you much:
they don’t test much, and they tend to confirm wrong theory



How do physicists celebrate 
a birthday ?













we think a party is...Doing Physics

The Gary Effects: 

it’s more than OK to 
think about SPIN

Always break azimuthal symmetry
( there’s so much to learn)



Let’s talk about...
event-by-event 
parity, chirality,

“handicity”

we think a party is ...Doing Physics....

work with Mihailo 
BACKOVIC



Let’s talk about event-by-event parity

Every event breaks parity symmetry

angular distribution of...”pions”

for RHIC physics;
Voloshin et al



parity is NOT cosine/sine separation - that’s origin-dependent

“odd”“even”

“even”

measures nothing about parity:
STAR experiment



quartz

spontaneous parity violation is COMMON in Nature,

/www.quartzpage.de

parity and event chirality have been overlooked...

even macroscopically

1A3, 3A2, CX



left and right handed quartz, Si02

sort  first;
average

afterwards

the unsorted,
global, angle and 

chirality 
AVERAGED 
crystal is a...ball







“chirality sorting”: four events conditional on orientation

angular distribution of...”pions”
first sort,
then add
events



Violating 2D parity violates 3D parity

Yet 2D parity is far more complicated...



3 dimensions

2 dimensions

There DOES NOT EXIST a rotationally invariant parity
 on TWO dimensional space

this is a rotation



DN, the dihedral groups of index N,
form the discrete subgroups of O(2)

generator algebra:

all previous measures of 2D “chirality” in computer science, image 
processing...psychology...either fail under DN or SO(2)

non-Abelian: no PNk commutes with any RNk



DN elements: k=0...N-1



how shall we measure and sort

the degree of chirality in two dimensions? 



the whirlyness of the classical distribution...

...equals zero. 

In quantum mechanics...

to get     from  f ... analytically continue

2D rotationally invariant; DN (even, odd)  



Analytic continuation: 

poles and zeroes Re 

Im 

“fundamental
theorem of
algebra”



under rotations, complex zeros transform 
like 2-vectors



under rotations, complex zeros transform 
like 2-vectors



Analytic continuation Continuation, continued:

note, with symmetric singularities at  zero



adding a constant: 



adding a constant: 



adding a constant: 



a test run, cutting on handicity



we propose to study strong interactions
with event chirality sorting. 

 With transverse initial or inclusive 
final SPIN, this would be so 

AWESOME 

See our paper for high energy strong parity violation



What do those wave functions look like ? 

a distribution 
on the unit circle

complex zeroes
 inside the circle

a power singularity
at the origin

real part of 



What do those wave functions look like ? 

blue: real part
red: im part



D4 eigenstates (k, k’); R4k=+, P4k=-

(8+, 8+ )

(4 +, 0- )

(1+, 0-+0+) (4+, 4-) (4+, 4-)

(4+, 4-)(4+, 4-)(4+, 4-)

(4 +, 4+)

(4 +, 4+)

(4 +, 4-)



...it’s time to wind it up



...it’s time to wind it up



...it’s time to wind it up



...it’s time to wind it up




