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Collision of Two Light Quanta

G. BreIT* AND JOHN A. WHEELER,** Department of Physics, New York University
(Received October 23, 1934)

As has been reported at the Washington
meeting, pair production due to collisions of
cosmic rays with the temperature radiation of
interstellar space is much too small to be of any
interest. We do not give the explicit calculations,
since the result is due to the orders of magnitude
rather than exact relations. It is also hopeless to

try to observe the pair formation in laboratory

experiments with two beams of x-rays or y-rays

meeting each other on account of the smallness

of ¢ and the insufficiently large available densities

of quanta. In the considerations of Williams,

“hopeless to try”’

of quanta. In the considerations of Williams,
however, the large nuclear electric fields lead to
large densities of quanta in moving frames of
reference. This, together with the large number
of nucleii available in unit volume of ordinary
materials, increases the effect to observable
amounts. Analyzing the field of the nucleus into
quanta by a procedure similar to that of v.
Weizsicker,* he finds that if one quantum #Av
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X.Wang, et.al, Phys. Rev. C 107, 044906 (2023)

14 (a) yy— e'e " (D) =3 200 GeV Au+Au UPC at STAR ' (€)
' . g [ 200 GeV Au+Au MB at STAR g
99.7% Confidence [ [ 200 GeV Au+Au (UPC+MB) at STAR |
’é\ 1.2 " #=  low-E e-scattering 9
s | ] 3
5 [
o 0.8 - N
O ;
= 6 -
(%) R
0.4 -
0.2 i paramleterlfed |

Y N N e e A R T R

Charge Radius (fm) Charge Radius (fm) Charge Radius (fm)
. Woods-Saxon 437 /3 QEDY ELAGH A + UPC %5 5t 55 v - SO 00 B 45 SR A%
.« AFEMASEIILO QEDEISIF AL E  © M ONEME RFR
QGP G RN

AEE A7 I



Yo SR AL

Idea generated from a local discussion at SDU
between experiment group and theory group.

Phys.Lett. B 795,576 (2019) ViR ey iy AT TR SRS iy

Phys.Rev.D 101,034015 (2020)
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Metz & A 8], 2011 / \\ / IR
Gluons are highly linearly polarized. 7/// \\\s 7"/// \\\
CGC is highly linearly polarized state. 1 1
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QCD: QED:

99 ~ qq vy = U1 ! !
Ap = ¢l — 7 Ap = P! — ¢
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|dea generated from a local discussion at SDU

between experiment group and theory group.

Phys.Lett. B 795,576 (2019)
Phys.Rev.D 101,034015 (2020)

JA & oK% 3 3K
Metz & A 8], 2011

Gluons are highly linearly polarized.

CGC is highly linearly polarized state.

QCD: QED

99 — qq yy = 1T
Ap = ¢ — 9 Ap = " — @'

counts /(x/20)

Phys.Rev. Lett. 127, 052302 (2021)
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H 22 W Hr B Vacuum birefringence
19364 ARt SRRt :  HE I T IME B S ARAL
W. Heisenberg and H. Euler, Z. Phys. 98, 714 (1936)

Feynman Diagram for Vacuum Birefringence
|

Optical Theorem

Observed y «

Real(n) = transmission process yy = yy
Imag(n) = absorption process yy — e*e™ (diagram cut)

QED vacuum + Extreme Magnetic field

A¢(:}:’y’ 71)

Light-by-Light Scattering

%‘ I Linearly polarized (vertical)
Maybe more closely related to the vacuum dichroism?

K. Hattori, H. Taya, and S. Yoshida, JHEP 01,93 (2021)

Linearly polarized (horizontal)
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A+A Collision
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Sci.Adv. 9, eabq3903 (2023)

0.6 F T TG
1 ~

Pb-Pb 5020 GeV
0.5}

0.4
0.3
0.2

UPC
= centrality: 70-90%

2< cos(2¢)
2<cos(2¢)>

PR Z ] BB T35 5 AR ZS cos(2Ad) M ﬁiﬁlﬂﬁﬂ
WES- Rsls FFEESE J. High Energ. Phys. 10, 64 (2020)

\\ " \\\
\ 4 \

0.1 0. \ b \

\ / \
0 O \\ m
C . . i -0.1¢E | ; ; b
0.00 0.05 0.10 0.15 0.20 0.00 0.05 0.10 0.15 0.20

q. [GeV] q, [GeV]




TR R E R R EE T8

WET, LHAYE

)-.,.h = ~ o
" gt gl
,v-'-"'“"‘""‘""'.h.ﬂ o et
=
c-,p""a#‘a-—.n - n"'“‘ﬂ
- =N '.q' by ——
_raﬁ--*- - - -
v”"‘ -, o --H“tq.
- = - -.- -“-'“
g ‘--" ‘- - “
Simpl ,” = 255 ..."‘"“\ X
T plest way: | e <
L AYE” o — = ‘*\‘ '
I {H + “_‘gﬁé&,’ _— » - - - s - . ™
£ —— - - —
-,-F‘ - —
| re— —
— —
-
= -~
=t

RL P55 30 Al P Y B D B



B R4t

A STAR: - pairs, P, <200 MeV C 2. STAR: Au+Au at y5,=200 GeV
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Sci.Adv. 9, eabq3903 (2023)
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Sci.Adv. 9, eabq3903 (2023)
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Interference
C STAR: Au + Au at {& = 200 Gy
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Sci.Adv. 9, eabq3903 (2023)
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Sci.Adv. 9, eabq3903 (2023)

A STAR: Photonuclear p° —» n*n-

—_— I MR
ER VR NEL S . < P e * Linearly polarized photon
E?.s} \"},,\_ ‘** N "-)f'.%f/ * Spin-induced OAM effect
- x /J * photon finite ky
7.0 - "‘“’{: * Interference along b
| R($) = [R5+ 202 (1 + (1/2)cos(29))]
6.5 I Au + Au :R,=6.62+0.03, o, = 2.39+0.04 (fm) . et Gl A
& U ++U: tRy=7.37£0.07, 6, =1.92% 0.12 (fm) ﬁ}gﬁ%ﬁﬁf%ﬁﬁ‘]{ﬂﬂﬁﬂu YE' AN
= _2 0 é ) 3 46 R 0 SR T A Rk F S
197 Au 238
STAR R (fm) 6.53 + 0.03 + 0.05 /.29 £ 0.06 £ 0.05
STAR (cos 29.2 £ 0.4 (statistical) £ 0.4  23.7 £ 0.6 (statistical) £ 0.4

2¢) (%) (systematic) (systematic)



il rp - B2

M. Centelles, et al., Phys. Rev. Lett. 102, 122502 (2009) . )
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