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What is the Schwinger effect ?

_ﬂ»e Sc.\r\wi,nse.r effect (s a Pheno menon in which (Parﬁc\es’ are creokted out of vacuum
when we aPP(ﬂ o S“:ro\‘:ﬁ electric field .
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ELECTRIC FIELD OFF

E 7 < Porticle
let us consider a quah'bum Feld in IF we oﬂ:\j on exktemal Stro g elecbric feld
tS vaauwm. state . IF no\:h‘\r\j interocts Fai\"s of ¢ Far’cicles - o.n-l:(Far*l:Ccles’ miﬁh‘c

with i, it will remain in vacwum forever. be created.

“Jo create on ‘electron- Fos'd:mm’ ch‘ we need electnc strenSH\s lar\cje_r $an. the
crnticol Schwi,neer limit : E~ 10m Vim .

How many particles are being creoted?

It d.eFendsl, Different detectors can weosure different  number of  creoted particles.

ELECTRIC FELD OFF @ @

he S\\jstem LS maxima\\:j s\cjmme:l:ric. The electric field breaks maximal s\cjmmd:r:j.
1\& conc_e_F’cs og- Part'i.cle ond. qmn—\:xmx We lose -Ur\e absolute notions o'F Porﬁcl.e_ ond.

Vacuum.  afe  unombiquous (ie. Rincare). cluomrl:um UDLCAUMNL .

* Al detectors messuwre the same yoouum . Different detectors con meosure different vama.
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'é : Erd Different number F%t(ss:g‘g\ o In the future, the elecdric fied is on
(355 0 of creoted particles su;w(ss oy 5{’;" - off ond there are oambi quities.
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Different detectors

Tune, t RESU LTS

QUESH ON : Are +these &mbi\cjuiﬁﬂs tn the nobion of Forﬁcl.e ac:hm\\.:g P\‘\Usical_?
QOuR ANSWER. : YES. _ﬂ-\e:j ore reloted to the in{-\in\'l'e\j many wo.‘:js o

meo.surinﬁ :

INFNITE CONCEPTS INEINITE  WANS oF INFINITE WANS OF
e~~~ MEASURING THE e~ SWITCHING OFE THE

OF PARTM\Q\E
PARTIC\E DENSTY ELECTRIC FIELD

T‘nere cannot be such &hin aS o black hole of Light

A (,A\Lﬁelblitz-_) — Germon word for ‘ol Liﬂh‘\:n'mﬂ’ - S o )\SHGHT
Hheoretical l:)l.&dl- hole ‘FOT med b\tj Conce_n‘(:m'\':\'.ns on extreme ‘\-\ [rJ
amount of radiaton, (no madtter) . Ny 7

Ne Ln\le ‘Dm\led Yot it conot be created. Tndeed , N order o

| i y L e o PAIR PRobucnon
\cjenerod:e o \Mﬁ \ one would ne concentra electric The S:Jr\w'mjer effect
strena-\:hs much more wntense than e cnticol Sd-\winﬁe.r limt. the forbids the concentration

Schwin ger effect would di ssiPa’ce energy , maki ng its  Formodion imFQSS’\b\:e.. of light

-
Why is it interesting 7

@ Modern loser facilities ore approaching  the
crdtical Ochwin ger Limit .
An  experimental realizatior Moy be close.

@ Whil.e pertur bative ‘Qucm‘l‘.m Elec‘b"oddnamics (S
well experum en{:allﬂ tested (e.s. in accelmd:ors) ;
e Sckwmjer effect = nonPerhxrboﬂi\Ye..

@ The Schwi.nser effect shares s core mechanism
with other particle creation phenomena.  in.
vai:tcd:ioml. Scenanos .

We coan understond Se.we.mL aspects of Quantum.
Field _ﬂneo‘:j in Gurved SPaczﬁmes.

Uacuum oS the ‘louoe.s\: energy state’

@ ELECTRIC FIEWD OFF

‘ﬂ‘zc (re.norma\.i.zed.) Hamiltonian s time - indePendeJTt.
®* We define the <7uan-l:um Jacuume oS the éﬁens\:a'he with

the lowest Foss'\'a\.e e.ne\'a\d.

he Hamiltonian clefends exPl(ci’clﬂ on time.
here s no e’tcje.ns{:a’ce Yot minimizes energy at all imes .

However, ot each +Hme we con skl define an instantanecus

notion of vocuure Yot minimizes the e.ne:sﬂ
Ne\le.r‘U'\e.\e.& , w certain back‘jmunds this vawum con leod +o
je.nem-\'\’on of infanite F&r'l:i.c.\.es.

RESLLTS

STATES OF LOW ENERGY

'Thea Mminimize Yhe smeosed energy i a Hre interval .

° T\r\eﬂ hove fantastic mothematical and Phgsical. PnoFer{:Les.
@ The& were Previcms\t, used in C.oswl.oaj ond we have

extended their use For the Schwinge.r effect .
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