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Ultra-Peripheral Collisions

Ultra-relativistic charged nuclei produce highly
ﬂ[\ /\/\ Lorentz contracted electromagnetic fields

; g * yy — [T1™ : photon-photon fusion
v*\] W * One photon from the field of each nucleus interacts

* Second order process in a
b e Za = 1 — High photon density with highly charged
/-\ﬂ /\/\ nuclei
Ty~ ¢ - yP - pY Jy, etc Photo-nuclear production of

w vector mesons (J© = 17)

 Photon from the EM field of one nucleus fluctuates to
a qq pair, interacts with pomeron

 Photon quantum numbers JP¢ = 17~
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Transverse linearly polarized photons

e Extreme Lorentz contraction of EM fields = Quasi-real photons should be
linearly polarized in transverse plane (E L B 1 k)

—

--B

- W \\N\g\i//g//

e Well defined in the

g //7//u\\§\\\\ ///7// \\\\

* Event average, washes
out polarization effects,
%

since b is random from
one event to next




Polarization Sensitive Observable

Ap = Ap[(et +e7), (et —eT)]
~ Ap[(e™ + e7),e™ ] (for small pair pr)

Sensitive to polarization through
qguantum space-momentum correlations

Birefringence effects:

Recently realized, collision of
linearly polarized photons leads to a
cos(4A¢) modulation in polarized
vy — ete™ process [1]

The corresponding vacuum LbyL
scattering[2] is expected to display a
cos(2A¢) modulation

[1] C. Li, J. Zhou, Y.-j. Zhou, Phys. Lett. B 795, 576 (2019)
[2] Harland-Lang, L. A., Khoze, V. A. & Ryskin, M. G. Eur. Phys. J. C79, 39 (2019).
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Polarization Sensitive Observable

Ap = Ap[(e™ +e7),(eT —e7)]

~ Ap[(eT +e7),e™ ] (for small pair pr) Optical Theorem

Sensitive to polarization through ~ Breit-Wheeler Process

, €

quantum space-momentum correlations E JSD
1
Birefringence effects: y e S e o
e ee T denaenan >
Recently realized, collision of
linearly polarized photons leads to a et : el
cos(4A¢) modulation in polarized v D I < ~y

Yy = eTe” process [1]

The corresponding vacuum LbyL

scattering[2] is expected to display a

Light-by-Light Scatterin
cos(2A¢) modulation Ight-by-LIg ing

[1] C. Li, J. Zhou, Y--j. Zhou, Phys. Lett. B 795, 576 (2019)
[2] Harland-Lang, L. A., Khoze, V. A. & Ryskin, M. G. Eur. Phys. J. C79, 39 (2019).
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[1] C. Li, J. Zhou, Y-j. Zhou, Phys. Lett. B 795, 576 (2019)

Birefrin gence of the Q E1[0)00Va cuum e

—_ T T | T T T T ]

polarized yy — ete™ [1] leads to Q - 5 ]

cos(4Aq¢) modulations in & 900 0.45 <M, < 0.76 GeVic STAR —
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cos 4A¢ (First lab evidence of vacuum birefringence) observed at > 60 significance
— photons from intense EM fields (B > 101*T) are linearly polarized



STAR Collaboration et al. Phys. Rev. Lett. 89, 272302 (2002).
STAR Collaboration et al. Phys. Rev. Lett. 102, 112301 (2009).
STAR Collaboration et al. Phys. Rev. C 96, 054904 (2017).

Photo-nuclear process

STAR has studied yP - p® » m*w~ (and direct m* 7~ production) in the past

Diffractive structure in
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How can we use linearly polarized photons to study the nucleus?
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Measure A@ observable inyP —» p? - n¥m~

If the photons are linearly polarized in the transverse plane:
— Expect a cos 2A¢ modulation in the final state[1]

 Quantized spin is encoded into the orbital angular momentum of the =™~ pair
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[1] Xing, H et.al. J. High Energ. Phys. 2020, 64 (2020).



“Double-Slit” Interference

* Nuclei “take-turns” emitting photon vs. Pomeron
* Analogous to double-slit interference effect

°a’ o e/’ ;‘:
* Intuitively, “double-slit T Xz
interference should be

sensitive to the “slit”
width and the distance o 07

_____________

---------

between the two slits L =

Interference is sensitive to:

— Nuclear Geometry

— Impact Parameter | :



Results : {(cos 2A¢p) vs. P,

2 x (COS(2A0d))
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* Strong cos 2A¢ modulation
observed at P; < 50
MeV/c

* Interference pattern visible
— dip and peakin
modulation at higher P,

* STARLight[1] does not
include polarization effect

e Qualitatively consistent
with theoretical calculation
including two-source
interference effects



Theoretical Predictions for yIP = p° » wtn~

Predicted modulation shows structure vs. pair p;
-~ 0.6
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Theory, skin depth: 0.235 fm
0.5

Theory, skin depth: 0.535 fm

2 x { cOS(2A¢)

AN UPC ]

0.4

Theory, skin depth: 0.835 fm

centrality: 70-90%
0.3

0.2

November 1, 2020

0.10
q, [GeV]
Structure in cos 2A¢ signal is sensitive to:
— Nuclear Geometry

Nuclear skin depth (right)

— Impact parameter
UPC (blue) vs. 70-90% central (red)
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High Energ. Phys.
2020, 64 (2020).

[1] Xing, H et.al. J.
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Results : {(cos 4Ap) vs. P,

2 x (COS(4A0))
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* Sizeable (cos 4A¢@), in
addition to the (cos 2A¢)
modulation

* May be sensitive to the
gluon Generalized
Transverse Momentum
Dependent (GTMD)
Distribution [1]

* Looking forward to more
theoretical developments

[1] J. Zhou Phys. Rev. D 94 (2016), 114017



Ssummary

1. Observed (6.70) cos 4A¢@ angular modulation in linear polarized
vy — ete” (Breit-Wheeler) process
* First laboratory evidence of vacuum birefringence
* For new measurements, see talk by Xiaofeng Wang (11/01/2020 : 10:42 am)

2. First measurement of A¢ modulations in yP — p® - wtm~ process
* Strong cos 2A¢ modulations due to photon polarization
* Structure observed vs. pair pr

* Results are qualitatively consistent with theoretical predictions
* Sensitive to nuclear geometry — gluon density within nucleus
* Sensitive to “double-slit” interference of photon polarization

* Looking forward to more theoretical developments


https://meetings.aps.org/Meeting/DNP20/Session/SB.2

