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» Integrated luminosity in pp collisions provided by the LHC to CMS in Run 2:
111 fb~! at 13 TeV.
> Integrated luminosity in Pb Pb collisions provided by the LHC to CMS in HI run
(2015): 0.60 nb™".
» Luminosity ratio: 1.9 - 108.
» For Pb, Z =82: Z* ~ 4.5-107.
» There could be about 4 times more events of New Physics related to
electromagnetism in pp collisions than there were in Pb Pb collision.
» HI run duration is & 30 days, Run 2 duration is &z 400 days (not counting the
2015).
A question on whether the heavy ion luminosity should be increased might open to
discussion.
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Introduction

Goal: derive analytical formulas to describe experimental data.

Experimental data:
1. [1708.04053] (ATLAS): pp — pputp~ at collision energy 13 TeV with
integrated luminosity of 3.2 fb~*.

Fiducial cross section: 3.12 + 0.07 (stat.) = 0.10 (syst.) pb.
Cuts on the muon system parameters:

Invariant mass range Transverse momentum  Pseudorapidity
12 GeV < my,, < 30 GeV > 6 GeV <24
30 GeV < my, <70 GeV > 10 GeV <24

2. ATLAS-CONF-2016-025: Pb Pb — Pb Pb u ™ at collision energy per nucleon
pair 5.02 TeV with integrated luminosity of 515 pb ™.
Fiducial cross section: 32.2 £ 0.3 (stat.)fé:i (syst.) pb.
Cuts on the muon system parameters:
Invariant mass range Transverse momentum  Pseudorapidity
10 GeV < my,, <100 GeV > 4 GeV <24
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Equivalent photons approximation

(0,42, Gy, q-)

(V7 = 162,42, 9y,742)

> 1

Photon virtuality: —¢* = ¢2 + ¢ + ¢ < (7¢.)* = w?
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Equivalent photons approximation
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Equivalent photons approximation
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EPA spectrum cutoff

For the proton, ¢ =~ Aqcp = 0.2-0.3 GeV.
Dirac form factor:

T = F(®)yt, F(¢*) ~ (—¢% < 4m2), A> =0.71 GeV?.

EPA spectrum with form factor:

Z2a ¢? 1
n/((T): 2 r;‘l 2\2’
(1-%)
r 27% (| Ay 17
n'(w) = /n’(q_')qu = 27T/n'(cf)qJ_qu_ ~ (ln(j - 12) (w < AY)
0

In the leading logarithmic approximation

hence § = Ae™ T2 ~ 204 MeV.
For Pb, A = 80 MeV [hep-ph/0606069] and § = 20 MeV.
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Total cross section
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Integration constraints: s = (¢ + ¢')> > 4m’, w < ¢y, W’ < §v.
Change of variables: s = 4ww’, x = o w= \/E w = \/g
(2my)? < s < (247)%, 202 < g < T

Integration result (Ieadlng logarithmic approximation):

_ 28 ot gy .

+ 3 5

~ In® —~22-1 b
a(pp(y7) = ppu"p) =8 o i 0°p

[Landau, Lifshitz, Phys.Zs.Sowjet, 6, 244 (1934)] LHC cuts?
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Cut on invariant mass

70 GeV > s > 12 GeV > m,, = 0.106 GeV.
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E. V. Zhemchugov EPA: pp(yvy) — L T1 pp



Cut on transverse momentum

for 12 GeV < s < 30 GeV:  pr > 6 GeV,
for 30 GeV < s < 70 GeV: pr > 10 GeV.
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~ 5.37 pb + 0.91 pb = 6.28 pb.
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Cut on pseudorapidity

Cut: |n| <7 < 24.
n = —Intan(6/2), so 10° < 6 < 170°.

In terms of phase space variables:
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~ 2.85 pb + 0.50 pb = 3.35 pb
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Cuts summary

pp(vy) = wtppp

No cuts 2.2-10° pb
12 GeV < /s < 30 GeV 54.0 pb 59.6 b
30 GeV < /5 < 70 GeV 5.65 pb o P

12 GeV < /s < 30 GeV, pr > 6 GeV 5.37 pb 6.98 b
30 GeV < /5 < 70 GeV, pr > 10 GeV 0.91 pb o P
12 GeV < /s < 30 GeV, pr > 6 GeV, |n| <24  2.85pb 3.35 pb
30 GeV < /s < 70 GeV, pr > 10 GeV, |n| < 2.4  0.50 pb 29 P

Pb Pb (yy) — utu~Pb Pb

No cuts 7.19-10° ub
10 GeV < /s < 100 GeV 119 ub
also pr > 4 GeV 34.2 ub
also |n| < 2.4 30.9 ub
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1708.04053 (ATLAS)

pp — pp T with /s = 13 TeV and integrated luminosity of 3.2 fb~*.

Cuts: for 12 GeV < my, <30 GeV:  pr(p) > 6 GeV, [|n(p)| < 24.
for 30 GeV < my,, < 70 GeV:  pr(p) > 10 GeV, |n(p)| < 2.4.
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ATLAS-CONF-2016-025

Pb Pb — Pb Pb " pu~ with \/snn = 5.02 TeV and integrated luminosity of 515 ub™?.
Cuts:

> 10 GeV < my,, < 100 GeV.
> pr(p) >4 GeV.

> [n(p)] <24
Experiment EPA
—
% F T ATLAS Preliminary 7 73 10' EPA ——
o 10 PoePb . Pbspbapt ] = ATLAS-CONF-2016-025
: fasr 1 S
= o >4G:V‘ In. /<24 3 L 100
Ed O Daaly, J<24 v a .
> [CJSTARLIGHT|Y, [<2.4 3 E
o A Data16<lY, [<24 E =
(o) [ STARLIGHT 1.6<|Y, [<2.4 = 10!
© 3 ‘«,
o
] = 2
3 £10
b ~
3 T 10
E £
] Ay
10° 2 £ s
10 20 30 4050 i’/? . 10 £ 10 20 30 40 50 6070 100
w [GeV] My, GeV
Fiducial cross section:
32.2£0.3 (stat.) "3 (syst.) ub 30.9 ub

E. V. Zhemchugov



Conclusion

» The LHC can be used to search for New Physics in photon-photon collisions.

» Photon invariant mass can reach 2¢y =~ 2.8 TeV in pp collisions with
/Spp = 13 TeV and 100 GeV in Pb Pb collisions with |/syy = 5.03 TeV.

» We have developed analytical formulas for the fiducial cross section of lepton
pair production in peripheral collisions of charged particles. Fiducial cross
sections calculated for the reactions pp(yy) — pputp~ and

Pb Pb (yy) — Pb Pb ™ were found to be in agreement with the
experimental data.
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