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Department of Energy
Washington, DC 20545
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Torifune Pever Guerarhinge Ghatrmn
Department of Phys

University of At

Tucson, Arizona 85721

Dear Professor Carruthers:

This letter is to recommend Dr. Ivo Birula-Bialynicki for a position of
Visiting Professor at your Department.

I have known Dr. Birula for over thirty years and consider him Poland's
foremost theoretical physicist. His leading pesition in Polish sclence has
resulted in many awards and recognitions, including full membership in the
Polish Academy of Sciences

While most of Dr. Birula‘s published work is in the area of quantum
electrodynamics, he is an extremely_versatile scientist with excellent
command of theoretical physics throughout the spectrum of this vast
discipline. Dr. Birula's intimate grasp of physical phenomena results in his
extraordinary ability to reduce complex physical systems to tractable and
easily explainable models. He would add stremgth to any physics department,
but his talent, expertise, and creativity make him an ideal mateh to the
nesds of Professor Rafelski’s team

I enthusiastically recommend Dr. Birula for a visiting professorship at the
University of Arizona.

Sincerely,

bpsard

Ryszard Gajewski, Director
Division of Advanced Energy Projects
Office of Basic Energy Sciences, ER-16

Jasiu Rafelski

THE UNIVERSITY
OF ARIZONA

J
uantum Optics”
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@ University of Pittsburgh

FACULTY OF ARTS AND SCIENCES
Department of Physics and Astronomy

May 8, 1989

Dr. P. A. Carruthers, Head
University of Arizona
Department of Physics
Tueson, AZ 85721

Dear Peter:

L am pleased to support the appointment of Dr. Iwo Bialynicki-
Birula to a position in your Department. Dr. Birula, as you know,

is the head of the Inatitute for Theoretical Physics of the Academy

of Sciences in Warsaw. He is a unrld iu(l\ori:y in _guantum electro!
dynamics and quantum optics. | T posItion as AdJunct
Profesaor In the Department of Physics of the University of Pittsburgh
for many years, and we have found his repeated visits to us extremely
useful. These have also lead to joint cooperative programs, in which
we have sent our faculty and students to Warsaw and benefitted from
reciprocal visits in Pittsburgh. I am sure his appointment will be

of similar use to the University of Arizona, and 1 strongly recommend

it to you.
est wishes,
R. H. Pratt
Professor of Physics
RHP: jat




Thirty-five years ago: UA Colloquium April 27th 1988
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Twenty-nine years after
his PhD with Prof. L. Infeld
in 1959

A few anecdotes of how we
met and became friends
are worth telling.

And a few more anecdotes
about my visit thirty-five
years ago to Poland in late
Fall of 1988.
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30-years ago: IBB-60: My DOE project
to study vacuum structure using our DHW ap-
proach is not funded while work on quark-gluon
plasma is. Grinding my teeth I moved away from
vacuum-foundations to vacuum-applications.
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Preface, page 643,
Full Text PDF

Einstein Equations via Null Surfaces

S. Iyer, E.T. Newman and C. Kozameh, page 647, bstract Full Text PDE

DOI: 10.12693/4APhysPol

Universal Propagator for Group-Related Coherent States
JR. Klauder, W.A. Tomé, page 655, abstract Full Text P
DOL: 10.12693/APhysPolA.

Cloud of Virtual Photons Surrounding a Nonrelativistic Electron

Introduction

This issue of Acta Physica Polonica is dedicated to Professor Iwo Bialynicki-Birula,
member of the Polish Academy of Sciences, on the occasion of his sixtieth birthday, The
Centrum Fizyki Teoretycanej PAN organized an International Symposium on Theoretical
Physics in Warsaw in honor of Professor Iwo Bialynicki-Birula on 28 to 30 of October
of 1993, With a few exceptions the papers published here contain the lectures delivered
at the symposium. F. Persico has submitted his contribution but was unable to attend.
3. Klauder spoke on a different subject.

Two Bialynicki-Birula. was born in Warsaw in 1933. Ile graduated from physics
depatment of Warsaw University in 1956. Subsequently he received his Ph.D. there in
1959 under advice of Leopold Infeld. Tn 1962 he obtained the highest degree (habilitation)

G. Compagno, R. Passante, F. Persico and G.M. Salamone, page 667, abstract  and soon became a Professor of Theoretical Physics in the Institute of Theoretical Physics

DOL 10.12693/APhysPolA 85,667

Observables in General Relativity
JN. Goldberg and D..C. Robinson, page 677, abstract Full Text PDE
DOL: 10.12693/APhySPolA 85677

N-Level Atoms in Multiple Laser Fields, the Long and the Short of It
J.H. Eberly, page 685, abstract Full Text PDF
DOL: 10.12633/APhysPolA 85 685

Classical Paths and Semiclassical Ghosts
F. Haake, page 693, abstract Full Text PDE
DOI: 10.12693/APhys Pol

InSearch of Entropy

1. Letessier, J. Rafelski and A. Tounsi, page 699, absact Full Text PDF

DOI: 10.12693/APhysPolA 85.699

Probing Higher Dimensions of Hilbert Space in Experiment
A. Zellinger, page 717, abstract Full Test PDF
DOI: 10.12693/APhys Pl 85.717

Scattering Theory for the Quantum Envelope of a Classical System
E.CG. Sudarshan, page 725, abstract Full Text PDE
DOI: 10,12693/APhysPolA 85,725

Recent Advances inthe Theory of the Hydrogen Lamb Shift
H. Grotch, page 741, abstract  Full Text PDF
DOL: 10.12693/APhysPolA 85,741

Canonization and Diagonalization of an Infinite Dimensional
Noncanonical Hamiltonian System: Linear Viasov Theory

P.J. Morrison and B.A. Shadwick, page 759, sbsiract Full Text PDE
DOI: 10.12693/APhysPolA 85,759

On Electrodynamical Self-Interaction
Jerzy Kijowski, page 771, abstract  Full Text PDF
DO 10,12693/APhysPol

of Warsay University. He has held a number of visiting positions in the USA (Rochester,
Pittsburgh, USC in Los Angeles, Tucson) and in Germany (Frankfurt). He is the author
of over 200 rescarch papers and several monographs on quantum electrodynamics and
quantum mechanics. He is an elected member of Polish and Norwegian Academies of
Sciences.

Two Bialynicki-Birula s a very active theoretical physicist 11" - articularly broad
interests ranging from the field theory, general relativity and quanisia electrodynamics,
through quantum optics to plasma physics. He has always maintained intensive interna-
tional scientific cooperative collaborations. He has particularly strong links with Ameri-
can physicists. The list of participants of the symposium reflects both his broad interests
and contacts well.

We fclt compelled o celebrate his anniversary for many reasons. Not only Lo ex-
press our appreciation for his role as one of the best Polish physicists. e is also an
excellent educator and whole generations of Warsaw physicists enjoyed attending his de-
‘manding physics courses. Adter many years of teaching at the Warsaw University he has
enthusiastically joined our new educational initiative at the Academy of Sciences: the
College of Science launched in the fall of 1993.

Professor Bialynicki-Birula is also a successful organizer. He proposed and orga-
nized our Centrum Fizyki Teoretycanej (former Institute for Theoretical Physics). Tle
was also its first director setting us on the right track. Invaluable also was the role
Bialynicki-Birula. played in helping us start our international carriers, learn the world
and break the complexes of working in this remote country. This proved to be partics
ularly valuable when, after the fall of communism, our country opened to the West.
Suddenly all segments of our society are now expected to compete with the world. We
are particularly well prepared for this competition. Hlence you will find more oplimism
in the Centrum than almost anywhere else in the country. We appreciate Professor Iwo
Bialynicki-Birula’s role in this.

T would like to acknowledge generosity of the KBN (National Committee for Sci-
entific Research) which provided financial support for the symposium and this special
issue of Acta Physica Polonica A. T thank also my colleagues from. the Centrum for their
help in the organization of the symposium. Finally, special thanks are due to Dr. Jerzy
i of Warsaw University for his help in editorial work on this issue.

Kazimierz Rzagewski




I found the November 8, 1991 lecture which was part of the attempted funding request to
continue developing DHW vacuum structure, current comments in yellow background

From QED to Vlasov Equation
RELATIVISTIC QUANTUM TRANSPORT THEORY

A better title: DYNAMICS OF THE QED VACUUM IN EXTERNAL FIELDS

Phys. Rev. D44, 1825 (1991 - Sept. 15), and t.b.p. COLLABORATORS:

e Iwo Bialynicki-Birula and P. Gornicki, WARSAW
e E. David Davis and Ghi-Ryang Shin, Arizona

Our initial work: IBB, Pawel Gornicki, JR PRD44 1825(1991) Phase-space structure of the Dirac
vacuum was followed by: Ghi Ryang Shin, IBB, JR PRA 46, 645 (1992) Wigner function of
relativistic spin-1/2 particles; IBB, E.D. Davis, JR; PLB 311 (1993) 329 Evolution modes of the vacuum
Wigner function in strong field QED; Iwo returned to this topic: IBB, Lukasz Rudnicki PRD 83,
065020 (2011) Time evolution of the QED vacuum in a uniform electric field: Complete analytic solution
by spinorial decomposition; followed by a short review (Wignerlll meeting in Budapest 2013):
EPJ-W.Conf.78, 01001 (2014) Relativistic Wigner functions; continued in an unexpected manner:
IBB, Zofia Bialynicki-Birula, PRA104, 022203 (2021) Time crystals made of electron-positron pairs




OBJECTIVE:
Relativistic Wigner Transform
WE SEEK TO DESCRIBE:

FLOW OF MATTER AND CONVERSION OF KINETIC
ENERGY TO PARTICLE PAIRS IN A COMPLETE AND
FUNDAMENTAL APPROACH

W (7, p.,t) —?/d e~ TS ) (F 4+ §/2, )W (F — §/2,t) —

1/2 —
2 Ng. AT+ 50

—%/dgse_i%g@]e RS (0o (7 + 5/2,1), WE(7 — 5/2,1)]|®)

NOTE: Symmetric {¢, 9!} ‘used up’ in quantization

The novel element is the appearance of gauge invariance securing phase
inspired by work of Ken Johnson in 60’s



4x4=16 WIGNER FUNCTION COMPONENTS:

W(Fyﬁ ) i[fo+§:1[)zfz+0 90+le20 gz]

f07 f17 f27 f?n 507 gl) g?a y 53
O, py o p2 pa ok prok paoks €70 p3on)Y
(%, s s L it A =it i)Y
o vy — (fo,0h); VY = [
o U5y — (f1, Go)s Vst — fo

® (5, g3 - electric & magnetic moment density

30y and counting: Our approach remains unique characterization of phase
space allowing for spin and particles/antiparticles: one — 16 dynamic
phase space distribution components



'WE KEEP MATTER FIELD FLUCTUATIONS|
‘STRONG E-M FIELD APPROXIMATION’

1/2
Was(F,5,t) = — [dbse P R MM F AT @10, (7, 1), Wh(7, 1)]|D)

relation to FEYNMAN PROPAGATOR: IF [07) = |0°) = |®) —

Waﬁ(ﬁ ﬁa t) =

2 [ds exp(—ip- §/h)GFa5(F+ §/2,t,7 — §/2,t)7° with

—'//

GG TLE) = (0 explir [T dERAL€) T, 1) B, 1)]0")

WIGNER FUNCTION satisfies (0 = p17, 8 = ps3):

o1 S
ihD/W = —ihcD - 5{62, W} +cla- P+ pme, W]

My contribution to this Eq. was a vehement rejection of 14+1d version
‘nobody will care about’. Iwo took this to his heart and derived 143 d

overnight;

Classical Wigner function limit needs ‘2’ and ‘A’ always visible




1/2 - . — —
D, = +e/ |y AE(7+ i1, t) - 3,

- - 1/2 — - -
D — V+e/_1//2d/\B(F+ih)\8p,t) %,
L L 12 L~ -
P = p—zeh/_l/Qd)\)\B(rJrzh)\@p,t) x 0,
[THE CLASSICAL LIMIT / — 0]
o - eh2 T =
D, = 0,+eE(rt)-0, —ﬁ(v-ap) E(rt)-0,+ ...
- - o - eh? - - 9=, -
D= V+eB(r,t) x 0, —Tz(v-@p) B(r,t) x 0, + ...
- . eh? - -

ALL OPERATORS ARE REAL VALUED




COMPONENTS Of W SATISFY:
th0‘|‘CD'91 = 0

N mC
D;fi+cD-g, = —QTfQ

o

2

. mc
th2+2* " g3 = 27]‘3
D.fs —2—

QD*

P-g, =0

h
Dth + Df1 — QﬁP X §1 =0
2
. - c= me*
D:gi +cDfy — QﬁP X go = —2792

- C -

Dt§2 +cD x §3 + Qﬁpfg = 275)1
— = — c=

Digs — D x g2 — QﬁPfQ =0

forp, G1 ey fasr s, f1<0 ppy Go < Jpy fo < 5p, G3 ¢ [, Go ¢ fle
REAL VALUED PHASE SPACE DISTRIBUTIONS



MAXWELL: 8B = —V x E
V-B =0
&gﬁ — VxH-7
V-D = p
p(F,t) = e [dp folF,B,t) + pent(7 1)

—

e/dp qi(7,p,t) "‘jext(rv t)

~
N—— N—
I

(
(7,
dp = (dsp)g, D = ¢FE , F[:uglé

bl

However: D = 6()E +P, H = ,ung M: We did not INCLUDE induced polarization P and
magnetization M except when we dealt (see below) with renormalization; in lowest order in
linear response for constant fields:

= s o . emE
P = e/dpgz(np,t) 9= g3
mB
o = f=> o> N em
M = 6/dp93(r,p,t) 9= —"ps

P

which terms are to be ‘subtracted’.




[SIMPLE SOLUTIONS| & SOME GENERAL PHYSICAL PROPERTIES
e FREE VACUUM: all space derivatives and fields E, B vanish

0 = [@-p+Bm W] — W’ = _O"ggﬁm
E, = v/m? + p?; normalization 1/2FE, from definition of W
2m . D
f??:_Ep ; 910:%@

The dynamical equations for homogenous vacuum state imply: pfs = mgi, pPx g = 0
— solution seen above also following directly from taking W « & -p+ fm. HOWEVER
what about other functions: no dynamical constraint for fy so we can CHOOSE vacuum
state to have zero charge (usual choice). We further see f» = 0, so pseudoscalar density
must be zero. HOWEVER: 1) p'- g3 = mcfi, nothing forces pseudovector charge density
f1 to vanish if it is accompanied by spontaneous g; (magnetization). 2) We have p x gy =
mcga, p- g2 = 0 which implies that IF there is in vacuum spontaneous symmetry breaking
pseudovector current gy, the electric polarizability g» will not vanish. CONCLUSION: we
chose a vacuum with scalar density and vector current, omitting two other combinations
which are permissible but involve spontaneous parity breaking, a feature which should be
explored.




e CLASSICAL LIMIT h =0: VLASOV Eq.
ANSATZ: Pseudo-scalar&vector, elec&magn polarization = 0; remain:

1. Difo+cD-§ =0
2. Dtg2+cD X g3 + 2% Pf3—2m g1
3. use the classical relation: f3 =m/E,fo: fo=f; f3s = & f;

4. D,f +D - §(f/E,) = 0 with h = 0

THIS IS THE REL. VLASOV EQUATION OF PLASMA THEORY:

with relativistic

Of+0-Vf+elE+7TxB) d,f =0

U:ﬁ/Ep

. FACET:

Vlasov is the next level approximation after free field case.
DESCRIBES ONLY FLOW OF MATTER (‘acoustical’ mode)
NO PARTICLE PRODUCTION.



o AXIAL ANOMALY

Iwo, why did we never publish this? A popular chiral effect driven by external fields

chiral (4-vector) current j£ = Yy vs10 — —(f1, Go)

chiral density js = {51 (75 = 70717273) — fo

1/2

~0ifi—=V - Go—2mfs = I/Qd)\E(m, t) -3, fi
2 s S\
+oef) A <B(m,t) x ap) o

LHS should naively vanish, phase space equivalent of o'j% — 2mj®> —

anomaly in QED. BUT: take lowest order fl . Jo g\
3 -
—O0ifi — V-Go — 2mfy = —ﬁmzeQE B + ..

foep, g1 j, fi e pp, Go & ;'7), fo <> sp 3 All parity breaking functions




e CONSERVATION LAWS:(dl' =drdp = (27T7’z)_3 d®r d®p)
Total charge 0, =0 = e/ dl fo(7 p, t)
total energy O,F =0 momentum &;P = 0
E= [dU[p-g+mfy) + 3[de[E-D+ B-H
P= [dUpfy + [dr[D x B]
angular momentum ;M = 0 boost generator O;N =0
M:/dF[Fxﬁf0+%§o] + /dr?x (D x B]
N = [dUF[p-gi+mfs] + §[d7[E-D+B-H —tP

ALSO CONSERVED: 0, [dI(Y f2 + Y ¢7) =0

The role of the last conservation law not understood. Polarization entering the D field
and magnetization in H field were not looked at.




e HOMOGENEOUS MAGNETIC FIELD:
S 2 oo
(fi, f3, 1, B) = G /_Oodﬁi exp (—w*mj — tanh(x*B)p? /B) x
(p” tanh(k*B), m, p— p. tanh?(k*B), mtanh(sz)§/|B|>

where: B = ]eé\, m = ,/m? +p||2; for small fields:  (f1, f3, 61, 3) =

B (eﬁ‘ B 2m N 5m(eB)*p% 20 N 5p (eB)*p? B 3p.(eB)? meé)
3
P

' E, AET 7 B, AET 2B ' E}

E

We did not look ‘beyond’ at this most interesting solution! Vacuum in ultrastrong beyond
‘critical’ magnetic fields present in magnetars




e ELECTRIC FIELD - PAIR PRODUCTION
In contrast to Vlasov flow we seek particle generation. Set B = 0:

iIhDyW = —ihivV{a, W} +[a - 7+ fm, W]

CONSTANT ELECTRIC FIELD
W (7, p,t) — WE(p, 1), D; =0+ ¢eE -0, —
ih(8, + eE - 0,)W¥ = [p1G - 7+ pgm, WF] hence

1 L o L L o
W = lpsfs+ G Go+ p& - Gi+ pad - ol

fo = 0 no charge density, fi = 0 no pseudo charge density,
f2 = 0 no pseudoscalar density, g3 = 0 no mag. mom. density.

With E # 0 vacuum structure REQUIRES beyond vacuum f; (scalar) and g, (flow 3vec-
tor) furthermore the g, (pseudo3vector) and g» (electric polarizability). As noted earlier
dynamical equation is p- g3 = mcf;, nothing forces pseudovector charge density f; to vanish
if it is accompanied by (spontaneous) g3 (magnetization).




Consider the 10-dimensional vector: Wiy = (f3, o, 1, G2) T

(8154-65-8_;9) Wio -l—M(ﬁ) Wio =0,

0 0 0 —2p
|0 0 —2xp 0

M(p) = 0 —2xp 0 2m
2p 0 —2m 0

solve numerically: classical evolution %Ef) — cE(t)

Initial condition: F(p|t = 0) = po — p(Polt) = po + e/ dt E(t)

We obtained Euler-Heisenberg-Schwinger pair production with some help from Feynman.
This was much more elegantly addressed by: IBB, Lukasz Rudnicki, PRD 83, 065020
(2011) Time evolution of the QED vacuum in a uniform electric field: Complete analytic solution by
spinorial decomposition I stop therefore after this one pertinent slide from 1991 lecture




e RENORMALIZATION: Components of the DHW function do not fall-
off sufficiently fast for large momenta — |charge renormalization:

We need large-p ‘perturbative’ subtraction terms to assure that all phase space integrals
yield finite spatial densities.

PERTURBATIVE SOLUTION

¢ (g.p_ V)@ E) ¢ - 5
= —— - B — = ——p-B =0
Jo 25 (V E? , J1 SP : fo =0,
2m  em - - e R
= —— - (V x B o= — P X E
f3 T (V x B), do Eg,px :
. 2 e (4= = 7-V)(7 x B 7 7 (V x B
91—;2E3(3V><B(p )E(]; )_pp(E2 )),
p p p D
S emkE . emB
92 = Tz 95 = ""p3




We obtained above all 16 phase space functions with leading terms in the field, naively
only fy and g; contribute induced charge density and 3-current. Terms in 1 /E;’ ‘OK’=

logarithmically divergent, more singular terms ‘rescued’ by angular integrals, or are part
of ‘free’ vacuum.

Polarization charge, current: p,., jpo:

_ d o —’t 62 Ad p2 p2 ﬁ E_,’
Ppol = 6/ p fo(7, D, )__47r2/0 pfg _?Eﬁ :
2 L e ao PP (4 2P\ = 5
Jpol = e/dpgl(rapat)z_w/odpE’g 5_37Eg VB
Logarithmic divergence: We needed momentum cut-off A;
V'  F (EO + 247T2 1n(A/m)) = Pext;

- _ B 2 -
¥ x B (uol oo, 1n<A/m>) = G




The terms dependent on A absorbed by redefining the permittivity ¢, and
the permeability of the vacuum p:

(= a1+ In(A/m)

po = o (14 In(A/m)) ™"

o2
Qphys
4 4mhce,

Cphys = Co

Recall mention of polarization functions g> and g3 which directly renormalize ¢; and p L
no detour via charge and current - so this situation needs more thought, also since there
are other logarithmically divergent vacuum structure functions. This suggests a thorough
2nd look is needed to understand the meaning of all vacuum perturbative terms.
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1962-1964). a native of Saint-Maurice. He received the Nobel Re]ativity enters the quantu m wo rl d .

=== Paul Dirac -Family roots in St Maurice, VS

The Dirac equation in the form originally proposed is

i 3
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Johann Rafelski, Berndt Muller

The Structured Vacuum: Thinking About Nothing OUI‘ comiInon paS SiOl’l
Verlag Harri Deutsch, 1985. Soft cover. Very good / No jacket. Item #1131439 for vacuum Structure

ISBN:3971448893

Cover has some scratches, imprint marks, and light shelf wear. Inside pages are clean and unmarked.

Price: $7e-0¢ Moe's Books
save10% $63.00 2476 Telegraph Ave, Berkeley, CA 94704

B 008 S giing like the

price of gold. .
(Original price: $6) = Google Scholar

Phase-space structure of the Dirac vacuum

| Bialynicki-Birula, P Gornicki, J Rafelski - Physical Review D, 1991 - APS

We study the phase-space correlation function for the Dirac vacuum in the presence of
simple field configurations. Our formalism rests on the Wigner transform of the Dirac-
Heisenberg correlation function of the Dirac field coupled to the electromagnetic field. A self-
consistent set of equations obeyed by the 16 components of the phase-space correlation
function and by the electric and magnetic field is derived. Our approach is manifestly gauge
invariant. A closed system of integro-differential equations is obtained neglecting the ...

Yr Save 99 Cite Cited by 271 Related articles



Instead: We write this week the overdue DHW BR-Paper-3



