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We investigated the interaction of an axially symmetric polarized light with a vacuum at
electromagnetic-field strengths far below the Schwinger limit. Although polarization and magnetization
in a vacuum induced by the axially symmetric polarized light are clearly different from those for a
linearly polarized light, the number of photons radiated from the vacuum is not very dependent on the

light polarization.
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Fig. 1 Focusing of laser light with radial polarization.

BRHAATIE, E— Al SRR OB (5
A FIOBE) % b & Wby, HfiAhnoE
Yin oy CEE R M ORS) % b DR to2o T
H5YY ZO2ODRIE— FOKRXRIEMIL, ¥—24
FRBOATEET LA LICLY, EHTICBWTE
B2 SPAT 70 7 1) (RET 1) |2 HRBD 9 % B OO B W R A
FETHZETHSFig 1), BIZIX, FERLOE—2L
T DL, AT ISR T O TEY & St
I 7 J7 10 (T 100) \IRE 5 2 5V AE L, 2oL &
O— LYY AERBFIIF~—ERER D, F72, FLIRIE
% b O22 DT — FOEKFHR Y — 2% [ CEA
GhETENLT DL, EHfhEOBSLEHIIEESL D
HEHIICIREIT 5720, COBAIZIZG~ERL 5.
INEERELO L —sx L TR —L Y
ARERBEIKELELRZLZODTH A0, WRHEL
U= A2 X DB S b ot & AL S R RGO E &
FEE) DD LETFHEINS, KETIZZ DM
IZFEH L, @ity — & L B2 L O EER & FE
ISRz, B — L Y RERRGE - fiAk, LT
Bze ST 2 EHES RS ERRCOS A S L, B
eI F B DRI EIZ DOV THERE L 72,

2. HEETIV

2.1 EZEHR OS5 L L

HEW B LB OT 75T VEELL &
iBEDNEL L D /NS, WEIEFOI T Y
LD O HHROVERBGICN L TRVIERE 20, il
BRRFICBT LTI V7 vEREL = (B —B) /St
ERETH L Of1e LCL=L,+L"L RSN, [/IZQED
DHEIZLYVESOHTHSN LAY WS
R MAE|E| Ey, L |Bl/ELCBLTT 49— BRI L CIH
BIREGHATH) 2 LIC& D, ROX I TET Z &
T 5.

L'=L+L,+ -
_Q(4F’+7G*)  aF(8F’+13G’) (1)
3607°E> 6307°E* ’

sch sch

ZIT, a= IS ERTH L. LEHVD
Z LT, BEEROGEPERAMS FoMEE LTER
FNP=P, +P,+ ", M=M,+M,+— D X HIZEEh
5., TIT, PAMIIZENZNL OEMRDIAD D14

130

ONATTHY, RIBRDIETH HP,EMIZRD L
JIzEENLY,

P,=E(IGB-4FE), M,=.(TGE+4FB).  (2)

22T, E=al/180n’E & L7z, ELXBIZUTT# 2%
Bl FRILE — 2 OB 2 RAT 5 &, Lo KR
7510 Wiem’ LU F OA121%, P, & M,OIRIEIZP, &M, D
IRIEE D B3 LS RS LoT, KTl
W &AL D2R L FOTHA AL L, PLEM, D9 b AR
B TIRE T 2HO AT E 2 72,
N(DOTTT I T7 VEEIESEEYEAT 5 &,
PEM% T & RO IE R OMaxwell /5 #3728
MANY, ThEEFRT A EICLVRD LD nEZE
1B 2 EREEOWB RS EHONG.

DE=—4ﬂ|:V(V‘P)—C.ZalJ—CVXal‘ N

DB=—4EFVXQB+VXWXAD} (3)
c ot

ZZT, U=V =0/t ThHbH. RB)EHL &I
Iy, RO ENABHRIE L ROL I ENTE
%Y.

2.2 HAFMEILE — & OB

Hr=(xy, 2 TOBRNIBIT 5 L —F—RDEY &
W & & 1 NEG, t) =Re{e(r)e ™}, B(r,t) =Re
br)e ™ E$5. 22T, IIEBHA, RelIEEHD
FEH, ol IO, e(r) &b(r) I XERY O 22 B KL
WTHY, mr=0ldHEIIC, Tzl ASEO T
MIZ—HLTWwEb0Ld 5 KEOMTELINS
L =Y — Lo % EMEICH A 72012, @wEHvsi
BAN T —HoOEITEHTIER LAY bVBo R
VCHEDSWTEMBSORE 1T &, BREE ki
Rlx o — A% B L 72356 OB O 22 MK
(e,(r), b,(r) & (e,(r), b,(r))DHIEEEIE (o, p, 2) IZBIT
BRI, ETNENRRD L 12k BY.

e, (P 2)=—kfe, Uy (p: 2),

e, (p,2)=—ikfe, U (p, 2), B
b, ,(p.2)=—kfe, JU,(p. 2),

€. o(p.2)=b, ,(p.2)=b, .(p.2)=0,

e, ,(p,2)=kfe, JU,(p, 2),

b, ,(p,2)=—kfe, U, (p, 2), 5)
b, .(p,z)=—ikfe, U,(p, 2),

¢, (p.D)=¢, (p.2)=b, (p.2)=0.

22T, k=20MIEoWE, MO E, AZEL

OEIRIECTH S, T7, U,(p.2) (n=0, 1,1 E1Z
TR &5 % AR £

L—#—W7e 201342 H



U,(p,z)= J.alz do’l,(9")sin@’ cos™ &
XJ:J(kp sin@)e <7
Ulp,2)= j:lz do’l,(8")sin” 0’ cos"* &
xJ, (kpsin@)e™ 7,
U,(p,2)= J.:lz do’l,(0")sin6’ cos'” &’
xJ,(kpsin@)e™ <. (6)
22T, Jkpsin®) (n=0, 1) I35 —FEN LOVEIHL 6
FEFRORIOATH L. O GHZHEE %P

L2 B 2 AFHEOM I 2 EHIRE S A £ L TB
D, KEHSUTIENR Y BV Y A 5A

, 2sin6’ sing’ )’
%(9):“L(snme/z))exP[_(snme/z)) } ()

wAsE L 727

W, FERGE AN ARG E ERabE7z LY —H#i
LEINFMRE R b OV — LA OB R £ 2 b, Fig. 2k
0, AIHNCOBELIREZ e & 3 2 & ZDORIFICKTe, &
FA AR 5T e, 0l X E Mg IV TIRD L H I2ES
5.

e, =e,co80, e, =esing, (8)

T, po=tan (e, le, ) 1T E— AHFICE T ND KRG
E—-FORFEEZRTIHEETHY, g2 B3 LT LI
TY = 2D HANEIT S, g VD L, H4),
(5) L V22D FIE— Fa &HE 5 L Ll R E —
LD BRSO ZZEIRGEE (e(r), b)) RO XD I127%
5.

e,(p, 2) =—kfe,cos U, (p, 2).
e,(p, 2) = Kfe,sing,U, (p, 2),

e.(p, z) = —ikfe,cos §,U, (p, 2),
b,(p, 2) = —kfe,sin@U, (p, ),
b¢(p’ z) = —kfe,cos9U, (p, 2),
b (p, z) = —ikfe,sinp,U,(p, 2).

(a) 1 (b) (C)t‘!g---'>
S0y JETN

t"'\ \\- f:-‘/‘

Fig. 2 Directions of electric field of light with (a) radial
polarization, (b) azimuthal polarization, and (c) su-
perposition of radial and azimuthal polarization.
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Fig. 3 Distributions of the amplitudes (shading of gray)
and directions (arrows and cross marks) of (a)
E/(r), (b) E\(r, 0°), (c) E(r, 45°), (d) B,(r), (e)
B,(r, 0°), (f) B,(r, 45°) in the focal plane for
6 =100 "°. The x and y axes are expressed in units
of the laser wavelength A, and the cross mark rep-
resents the direction of the z axis. The amplitudes
are normalized to the maximum value.
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Fig. 4 Distributions of (a) KFL(r))‘, (b) KFA(I‘, 0°), (c)

(F,r 459, @ G, @ [(G.r.02), @
(G, (r, 45 °)) in the focal plane for 6 = 100 °. The

x and y axes are expressed in units of the laser
wavelength A. The amplitudes are normalized to
the maximum value.
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Fig. 5 Distributions of the amplitudes of (a) P.(r), (b)
Py(r, 0°), (c) Pu(r, 45°), (d) M,(r), (e) M\(r, 0 °),
(f) M ,(r, 45 °) in the focal plane for 6 = 100 °. The
x and y axes are expressed in units of the laser
wavelength A. The amplitudes are normalized to
the maximum value.
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Fig. 6 The number of photons of the radiated light from
vacuum per shot as a function of ¢, in the case that
axially-symmetric polarized beam (solid line) and
linearly polarized beam (dashed line) are focused
to the vacuum. 6, laser power and pulse duration
are assumed to be 100 °, 100 PW and 100 fs, re-
spectively.
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