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Ultraperipheral collisions at the LHC
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Photon-photon processes studied at LHC
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p vs Pb
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o~ 74
pp Pb Pb
Energy 13 TeV  5.02 TeV/(nucleon pair)
Z 1 82
z4 1 4.5-107
Luminosity | 159 fb~! 2.4 nb™?
ratio: 6.6 - 107
Duration | 21 months 2 months
(Run 2) (2015, 2018)
50y | S 2.6 TeV < 160 GeV
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p vs Pb: forward detectors
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Equivalent photons approximation
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Ze 2E |-
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[Berestetsky, Lifshitz, Pitaevsky, Theoretical Physics vol. 4, §99]
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Equivalent photons approximation
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EPA spectrum cutoff (p)
For the proton, ¢ =~ Aqcp = 0.2-0.3 GeV.
Dirac form factor (dipole approximation):

1

(1+%)

T = F(@) ¢, F(Q%) ~ (@® < 4my), A* = 0.61 GeV?.

EPA spectrum with form factor:

VAL q_'f_

na(q) =

na(w) = /nz Qd%q = 2n /

0

In the leading logarithmic approximation
27% . Gy
n

na(w) & no(w) = — -

17

hence § = Ae™ 12 = 189 MeV; §v ~ 1.3 TeV for collision energy 13 TeV.
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EPA spectrum cutoff (Pb)

Form factor (monopole approximation):

2\ ~ _
Fl(Q)NHQi, A =80 MeV.

EPA spectrum:

ni(q) = — :
™ wet1 4+ G
272 A
ni(w) = 7rwa (111 % - 1) (w< Ay)

Hence ¢ = Ae™! ~ 29 MeV; Gy =~ 79 GeV for collision energy
5.03 TeV/(nucleon pair).
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Proton form factor 102
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Proton EPA spectrum

Proton form factor with magnetic contribution taken into account:

Ge(Q%) +7Gm(Q%)

F,(Q%) =
»(Q7) T 7
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_ @ - .
T=-—"= <001, A" =0.61 GeV~, pu, = 2.79.
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EPA spectrum:
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208Ph form factor
Charge distribution is provided in form of Bessel spherical functions:

N
r) = apjo(krr/R)O(R — r); jo(z) = sin(x)/.
k=1

ax, R are numerical parameters.
Form factor is the Fourier transform of charge:

Fo (O — [ p(r)etdradr _ sinQR 5
Po(Q7) T p(r)d3r OR év: Dvar

EPA spectrum:

o0
‘o + W/
d
npp(w T /{ T (w/7)?2 qL q.1
0
Monopole approximation:

F(Q%) = m ni(w) = % {(1+2u) In (1+ i) —2} U= (X;)z
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208ph form factor

1.0 T T
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[1987]: At.Data and Nucl.Data Tabl. 36, 495 (1987)

1995]: At.Data and Nucl.Data Tabl. 60, 177 (1995
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208Ph charge density

‘ [ p(r)eiTa’y
p(r) = axjo(krr/R)O(R—1), F(Q)= NG
k=1
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EPA spectra

E, =6.5TeV, Epy, = 522 TeV (2.5 TeV/nucleon)
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Photon-photon luminosity

o0 oo
O’(AB — ABX) = /dwl /dea(fw — X) nA(wl)nB(LUQ)
0 0
Let 5 = dwiws, y = 5 In oL (/s — invariant mass of the system produced, y — its

rapidity). Then

e}
dL
O'(AB—)ABX):/dSO’(’}/’}/—)X) dAB,
s
0
where -
dLap _ 1 V5 oy V5 \—y
2= [ () na ()

is the photon-photon luminosity.
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EPA spectrum and cross section
With the sizes of the colliding particles neglected:

n@)2ﬁa71wqiuww%2
0

3
q1dqu,
qi + (w/7)? ] -

W

0c(AB — ABX) = /dw1 /dw2 a(yvy — X)na(wi) npg(ws).
0 0

With the sizes of the colliding particles taken into account:

Ji(bg1)qidqy |

720 fﬂ &+ @)

2w 4L+ (w/7)?

n(w) :/n(b,w) d?, n(bw)=

0(AB - ABX)
= /dwl /dWQ /d2b1 /d2b2 U(’}/’y — X) nA(bl,wl)nB(bg,wg) PAB(|51 — 52|)
0 0
P4p(b) is the probability for the colliding particles to survive after the collision with
the impact parameter b.
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Polarization

T ar! dLg
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are photon-photon luminosities.
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Survival factor

o(AB — ABX)
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Here L 4p is the luminosity neglecting photons polarizations: Lap = Lﬂ‘B + Lig.
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Proton EPA spectrum

F(Q%) = Ge(Q%) +7Gm(Q%)
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~ luminosities in pp collisions

In the case of pp collisions [hep-ph/0608271],
2

2
Py (b) = (1 767’373) , B =21 GeV?

Photon-photon luminosities:
dLH feS) oo o) -
pp — %/ 1/b2db2 / dyn, bl, Vs y) np (bg7§e y)
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Survival factor in pp collisions

dL/dy/s, GeV™!
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pp — pOX X

p (Pb) Tp (Pb)  p(Pb) p (Pb)
v < +

X ——x"

N X —— X
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Breit-Wheeler cross sections [Phys.Rev. 46, 1087 (1934)]:
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pp — ppx X~

a(pp = ppxTx7), b
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CMS detector
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Fiducial cross section
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Fiducial cross section

Fiducial luminosity:

dLH = / d%b, %6, P /dyn (bl, ) n (bg,ée_y) cos? @
dLL // A%, &b, P /dyn (bl, Vs ) n (bg, %e_y) sin2cp

—7

Rapidity cut:
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ATLAS experiment: pp — pput ™

muon |n] < 2.4 [1708.04053]
muon py > 6 GeV muon pr > 10 GeV
030 ; — ; : :
g /\ ——— experimental data
2 . proton disintegration neglected
% 0.25 F {» proton disintegration taken into account 7
<)
~ 0.20
% \
5015 by
&
T
= 0.10
€ 005 N
g 0.00
—
g u ——
~ 1.0 | T I
<t
A& 09
= 0 10 20 30 40 50 60 70
Vs, GeV

Integrated cross section:
» Experiment: 3.12 £ 0.07 (stat.) & 0.10 (syst.) pb.
» With proton disintegration neglected: 3.39 pb.
» With proton disintegration taken into account: 3.26 pb.
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Pb Pb UPC

Form factor in monopole approximation:

EPA spectrum:

Z2 b 2 2 2
oo ()T ()

Pb survival probability [nucl-ex/0302016, 1607.03838]

Pop(b) = exp [UNN // T(by)T (b)6 (b — by + EQ)deldez} ,

o0

T(b) = /pN(\/b2+z2)dz

— 00
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Survival factor in PbPb collisions (preliminary)

dLpppy/dy/5, GeV™!
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ATLAS experiment: Pb Pb — Pb Pb p"p~ (preliminary)

muon || < 2.4, pp > 4 GeV [ATLAS-CONF-2016-025]
10* T T r " T T
+ experimental data
N\ — — A =80 MeV [1987], Pb disintegration neglected
N\ —— A =80 MeV [1987], Pb disintegration taken into account
N\ — — A =50 MeV [1995], Pb disintegration neglected
N A\ —— A =50 MeV [1995], Pb disintegration taken into account,
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> Experiment: 32.3 4+ 0.3 (stat.)"3 (syst.) ub.
> With Pb disintegration neglected (A = 50 MeV): 34.4 ub.
» With Pb disintegration taken into account (A = 50 MeV): 32.3 ub.
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Conclusions

» Ultraperipheral collisions is a way to study photon-photon collisions at the LHC.

» Reachable energies in photon-photon collisions are ~ 2.6 TeV in pp collisions
and ~ 160 GeV in Pb Pb collisions at the current LHC energies.

» With EPA, many calculations can be performed analytically. Numerical
integration is required, Monte Carlo simulation is not.

» Survival factor and photon-photon luminosities in pp collisions were calculated
for invariant mass up to 3 TeV.
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