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 LHC as a photon collider.

* Photonuclear interactions: A signal or a background?

 Photonuclear background to peripheral, hadronic

Pb+Pb interactions.

 Photon-proton interactions in p+Pb collisions.

e Exclusive vector meson production as a probe of the
nuclear gluon distribution.




Ultra-Peripheral Collisions - Definition

- Two ions (or protons) pass by each

other with impact parameters
b > 2R.

Only Electromagnetic interactions
are possible.

The fields can be treated as a
spectrum of equivalent photons
(Weizsacker-Williams)




Ultra-Peripheral Collisions — Types of processes

(a) Photonuclear processes: A photon from one nucleus
interacts with the other (target) nucleus.

Lz

(b) Two-photon interaction: Two photons interact and produce
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The photonuclear cross section for a heavy nucleus:
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Ultra-Peripheral Collisions — Total photonuclear cross section

- The A+A cross section is calculated by convoluting the photon
spectrum with the photonuclear cross section:

S(A+A >A+X)=2 j N(@)o,a_x (©)do

- The ”2” takes into account that each nucleus can act as either
target or photon emitter.

- The total cross section for breaking up one nucleus is much larger
than the total hadronic interaction cross section in Pb+Pb collisions
at the LHC Vs, = 5.5 TeV (= 8 b):

220 b A. J. Baltz, M. J. Rhoades-Brown, and J. Weneser, Phys.
Rev. E 54 (1996) 4233.




Ultra-Peripheral Collisions — Photonuclear particle production

- The break up is dominated by excitation to a Giant Dipole
Resonance, followed by emission of one or a few neutrons.
- For higher photon energies, particles can also be produced.

00 | _ AuTem |  Model the photonuclear particle production
with the DPMJET Monte Carlo (AFAIK the only
f MC available for high energy photonuclear

a interactions).

o | * Requires E, > 6 GeV in rest frame of target

i CA nucleus.

[ . . ¢ Use photon spectrum from STARLIGHT.

VRS T Weizsicker-Williams spectrum calculated in

]
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http://projects.hepforge.org/starlight

Ultra-Peripheral Collisions — Photonuclear particle production

- Total cross section (Pb+Pb at Vs\=2.76 TeV) for E, > 6 GeV: 24.2 b

- Larger than the total hadronic cross section, but a rather aribtrary
number because of the selection E, > 6 GeV.

- However, there is a strong correlation between photon energy and
the range in rapidity of the produced particles

Production around mid-rapidity
dominated by photons with energies
>> 6 GeV.
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Ultra-Peripheral Collisions — Normalized particle yield
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Changing the cut-off only affects the yield at large rapidities. The

roduction around mid-rapidit

is insensitive to the cut-off.



Ultra-Peripheral Collisions — Multiple photon exchange

- Interaction where a single photon is exchanged are characterized
by asymmetric distributions of particles in rapidity.

- However, it is possible to exchange two photons in a single event.
This leads to particle production on both sides of n=0.
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Multiplicity of charged particles with |n|<1.0
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Ultra-Peripheral Collisions — UPC as a Background

Single and double photonuclear interactions a serious background
to the 20% most peripheral hadronic nuclear interactions (80-100%
centrality).

See presentation by Alberica Toia (ALICE Collaboration), Quark
Matter 2011, J. Phys. G 38 (2011) 124007.

The STARLIGHT+DPMIET predictions could be tested if the central
tracking detectors are read out while triggering on a signal in the
Zero-Degree Calorimeters only. ALICE took some data with this
configuration during the heavy-ion run this year.




Ultra-Peripheral Collisions — UPC as a signal

- The general photonuclear interactions (y+A — X) also contain much
interesting physics.

- Example 1: Heavy quark production through photon-gluon fusion.
See e.g. S.R. Klein, J. Nystrand, R. Vogt, Phys. Rev. C 66 (2002)
044906. The total cross section for photoproduing a cc-pair in a
Pb+Pb collision at the full LHC energy is about 1 b!

- Example 2: Photonuclear jet production. See M. Strikman, R. Vogt,
S. White, Phys. Rev. Lett. 96 (2006) 082001. Probes the nuclear
PDFs at lower x than what was possible at HERA.




Ultra-Peripheral Collisions — Proton-nucleus collisions

At the end of next year, LHC is likely to study proton-nucleus
collisions, p+Pb.

The energies will be asymmetric: E(p) = 3.5 TeV, E(Pb) = 1.38 A TeV.

The strong flux of photons from the lead nucleus will lead to large
cross sections for several types of y+p interactions.

Repeat the previous exercise for y+p interactions. In addition to
DPMIJET/PHOIJET?*, also Pythia can be used to simulate the particle
production.

Work done together with @ystein Djuvsland.




Ultra-Peripheral Collisions — Proton-nucleus collisions

Normalized yields from DPMJET/PHOJET and PYTHIA
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Ultra-Peripheral Collisions — Proton-nucleus collisions

Normalized yields from DPMJET/PHOJET and PYTHIA
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Ultra-Peripheral Collisions — Proton-nucleus collisions

Photoproduction is dominated by photon emission from the Pb
nucleus. But the opposite is also possible, i.e. that the proton emits
a photon that interacts with the Pb-nucleus.

The photon flux scale as Z2. The size of the target scales as A%/3.

One thus expects the cross section for photon emission from the
Pb-nucleus to be larger by a factor

ZZ

~200

A2/3

Calculations confirm this.




Ultra-Peripheral Collisions — Proton-nucleus collisions

Example: photoproduction of open charm in p+Pb collisions.

Pb+p — Pb + D""* + X

1000:—
STARLIGHT + PYTHIA

doldn [ub]

800




Ultra-Peripheral Collisions — Exclusive Particle Production

- Originally the idea was to use ultra-peripheral heavy-ion collisions
to study two-photon interactions.

- Some 10 years ago it was realized that coherent photonuclear
interactions could produce events with the same topology and
with cross sections >100 times higher (S.R. Klein, J. Nystrand, Phys.
Rev. C 60 (1999) 014903).

- Exclusive vector meson production in heavy-ion collisions is
dominated by coherent photonuclear production of vector
mesons. Example: o(Pb+Pb—Pb+Pb+p% =5.2 b (Vs\z=5.5 TeV).




Ultra-Peripheral Collisions — Exclusive Particle Production

- Exclusive vector meson production has been studied at RHIC by the
STAR and PHENIX Collaborations.

- Before RHIC, the collision energy was not sufficient.

- Example: Photoproduction of J/ by the PHENIX Collaboration (PLB
679 (2009) 321) Au+Au —Au+Au*+J/yp. Note background from yy—
e+e-. a)

PHENIX AuAu UPC s} = 200 GeV

e’e’ (unlike-sign pairs)

-
N
I

—
(=]
T

Ji
*e” coherent continuum

in e’e’ continuum

(=]
LRI R S

dN/dm,, (counts)

I

“55 6
m,, (GeV/c?)




Ultra-Peripheral Collisions — Exclusive Particle Production

- Heavy vector mesons caclulable from perturbative QCD.

do a’ll, M, :
— o= Wl&z:”[xg(x,TV)]Z Ryskin 1993
—
do (YA — VA)

do(N - VN)
ke

o [6,0xM2/8) ]
dt | Ga(x, My /4)
G, (x,M_/4)




Ultra-Peripheral Collisions — Exclusive Particle Production

- Predictions for exclusive J/y production in Pb+Pb collisions at Vs =

Pb+Pb — Pb+Pb+J/'V \[Syy = 2.76 TeV
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http://projects.hepforge.org/starlight
http://projects.hepforge.org/starlight

Conclusions

- Cross sections for photonuclear interactions very high in Pb+Pb

collisions at the LHC — interesting signals, important background to
hadronic collisions.

- Photon-proton interactions likely to be of similar importance in the
foreseen p+Pb run at the LHC in 2012.

- Exclusive heavy vector meson production might help probe the
nuclear gluon distribution.
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Ultra-Peripheral Collisions — Photonuclear Interactions
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