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Schwinger mechanism [7]

* Dirac particles approximately satisfy the Klein-Gordon Equation

v = (e V()) v

* Manipulate into a Schrodinger equation.
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mr (E—V(z))’

V. = = \/m? + p2 + p?

* Negative energy particles in Dirac sea can tunnel through the effective
potential and become real.

[7] 1. Schwinger, On gauge invariance and vacuum polarization, Phys. Rev. 82 (1951) 664-679.



¢ notice the force must be
repulsive!

¢ don’t let me move on

maximum energy of ] _ )
o without saying this!

created particle o _
* it will be important later!

Fig. 5.3(a) The potential Ag(z) for the Dirac or the Klein-Gordon equation.
(b) The corresponding Vg for the equivalent Schrbdinger equalion (5.13).

[8] C. Wong, Introduction to High-Energy Heavy-lon Collisions, World Scientific Publishing, Singapore, 1994.



Our model
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* The two nuclei come together with

Impact parameter zero.
e Suppose the e-is created at the center

of mass of the two nuclei and the et is
on an axis perpendicular to the beam
axis [9].
e Symmetric and energetically favorable.
* The ions get accelerated by the e-in
the middle, encouraging fusion.

X

R

[9] T. Settlemyre, H. Zheng, A. Bonasera, Dynamical pair production at sub-barrier
energies for light nuclel, Particles 5 (2022) 580-588.



Screening

* To prevent arbitrarily negative 0.0
energies, introduce a cutoff as x->0

, -0.2
X e >
Vyi-=—|1—exp |—| | — © -04
. x, || x =
. , —0.-6
Y = ‘© = Without screening
o Vg > -0.8
ZmT = = with screening
* Energy is -2mt when x=0, the energy -1.0

needed to extract the pair from the
vacuum.

* Factor in exponent is a free parameter
to be determined by experiment.
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Energy conservation

* The kinetic energy of the ions can change.

4Ze?
&Esz{G—Ek:—(EJr-l-mT— RE )

* The requirement

E—I— < V—I—(R:r 0) — mnmr

* implies

AE;C 2 QmT



Tunneling probability

0.5
[T, =[1+exp(24)]"! [10] 04
0.3
* Probability is essentially 1/2 -
for R less than the critical '
value 0.1
0.0
47 e’
R:II — : 6 8 10 12 14 16 18
AEk + ZmT

R [fm]

[10] Edwin C. Kemble. “A Contribution to the Theory of the B. W. K. Method”. In: Phys. Rev. 48 (6 Sept. 1935), pp.
549-561. DOI:10 . 1103 / PhysRev . 48 . 549



Cross section of
pair production
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* Square root in o gives minimum oo(E, ) = h 0.5( 1 —exp \_i
value for Eqm N 2uE,,, AT
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* Model dependent

X—Ccmn



dN/dE

dt
probability of creating a pair in time dt: dN = Hf—

AT

dN [1R"

dE.  2A7| S| Zye?

change of variables:

which value of dR/dt? before or after AEx? Introduce parameter B (depends on tunneling).

result for pure coulomb repulsion:

dN . Hr 'h,r" QFZIUIEE
dE, A7(E, +my + AE,)?
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pair production as probe of alpha decay and
fission dynamics [12] R

108 =0, AE, = 2m,

I'— 7% a decay

1 = total

® EEEC'I:

* fission dynamics from neck model

0 100 — 3% pure coulomb fission

S LS SI0N

* dN/dE goes to zero as E+ - my
because of tunneling probability

— 3% fission (asymimetnc)
=1, AE, =2m
10} B=1.AE, = —— O7% o decay

1 1 total

* divergence at high E; comes from
assumption that fragments begin
at rest, softened by increasing B3

0 100 — 3% pure coulomb fission

0.010 R

dN/dE, [arb. units] dN/dE, [arb. units]

* difference between red and blue

curves shows dynamics of fission o1 0e > 10 5010

E.-m. [MeV]
[12] Settlemyre, T., Zheng, H., and Bonasera, A. Pair production as a probe for the dynamics of nuclear fission and a decay. Phys.
Rev. C, 107, LO31301 (2023).
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neck model applied to fission [13]
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[13] A. Bonasera, Dynamical model of nuclear fission with shell effects,
Phys. Rev. C 34 (1986) 740-742.
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Limit of no screening

* double hump potential
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Improved large-energy-range magnetic electron positron spectrometer for experiments with the Texas

Petawatt Laser
G.D. Glenn et al 2019 JINST 14 P03012
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Conclusions

* electric fields in nuclear systems are strong enough to create real pairs

* energy of pairs can be used to probe dynamics of fission, alpha decay,
scattering, fusion, ...

* pairs give information about nature of quantum tunneling

* screening length parameter xs helps understand the structure of the
vacuum



Virtual Pair Production




Instrumentation Detalls

« 0.77 T NdFeB magnets
» » m— . 1 A ‘Remove}ble
 Texas Petawatt Laser (TPW)

« 140 J, 130 fs pulse of s-polarized
laser 1057 nm light

* Phosphor Imaging Plates
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