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Infroduction

Inclusive photon production at high energies in several Monte
Carlo

Exclusive single photon bremsstrahlung at high energy was
practically not studied.

Only recently classical bremsstrahlung,
approximate formulas, point-like particles.

Monte Carlo generators do not include it.

What are relevant mechanisms ?

Vector mesons bremsstrahlung (Cisek Lebiedowicz,Schafer, A.S.)
Differential distributions ?

New test of dynamics of diffractive processes.

Good test for and of forward detectors.
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Lebiedowicz, Pasechnik, Szczurek
Nucl. Phys. B867 (2013) 61.
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Classical bremsstrahlung




Classical bremsstrahlung
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Classical bremsstrahlung

2 = (Pap = P12)? = Cﬁ,z:

pTi2,2i = (Pab = Py)*.

pT?,2f = (P12 + py)?

sj = (pi + p)?

ap(t) = 1.0808 + 0.25 1.

B(s) = Bo + 2a;In(2)

where we use the value s = 1 GeV? and By = 9 GeV 2.
off-shell nucleon

A
(077~ )7 + A

this form used at low-energy bremsstrahlung ﬁ
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Classical bremsstrahlung

When the off-shell effects of the participating protons are neglected,
hence the yNN* and yN*N vertices are parametrized by the on-shell
proton e.m. form factors in terms of the Dirac and Pauli form factors

F (pi) and Fg(pf,) given by

i
ey FynwFenn — e | F (Pi)V“ - KF 2(P$)0uvpvu ©
N
where "V = é V", v'] = é (Y*y" = y"yH).
F(p5 =0) = 1and (P = 0) = Kp = 1.79.

The propagators of the infermediate nucleons

i(pr,2f,,VU + mN) i(pTiinyU + mN)

%2 %2
SN(plf,2f) = 2 > SN(pli,2i) = w2 5> - Y
Pifor = My Prigi = My




Classical bremsstrahlung

The polarization vectors of real photon are defined in the proton-proton
center-of-mass frame

1
g(py. £1) = —(0.isin ¢ F cosdcos @, —icos @ F cosJsin ¢, £snJ), (8)

V2

It is easy to check that:
&(p. A)ej(p. ) = -1, ©

p'eu(p. A1) =0. Q0)
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Vector meson rescattering

Vector meson is off-mass shell.
Similar diagrams for ,oO meson.

The diagrams for @ and po interfere. ﬁ



Vector meson rescattering
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Vector meson rescattering

C,{;’N = C,,T,IN = 13.63 mb (Donnachie-Landshoff)
BN = BN = 5.5 GeV 2.
The amplitudes are corrected to reproduce the high-energy Regge
dependence.
a,(t) = 0.5+ 0.9t and sy, = (my + mg,)2.

(different values have been used in the literature)
Cosy = \V Gemn/20.5
within vector dominance model with finite width corrections
(Uleshchenko-Szczurek)
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Pion cloud contribution

Anomalous coupling, but off-shell pion



Pion cloud contribution
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Pion cloud

Pion-to-nucleon form factor

T] 2~ m2
Funn(h 2) = exp (—/\2 ") a7n
NN
On-shell normalization

2 2

NC mp T2 - mn
Fon—sy(t, T = ex 8

moy(h-f2) 1212f, m2 — i p( N2,
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Photon rescattering

photon-proton quasi-elastic scattering



Photon rescattering

Equivalent Photon Approximation

do dOyp—yp 2
— = zif(z1))———— |Was, h = —
dydpi 1 (1) dt ( 23, I2 DL)
d0yp—yp 2
+ 2f(2) 2L (Wis. h ~ —-p?) . 19)
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From the amplitude to cross section

Four-dimensional integration in:
Pit, P2t Y, P12

This is rather difficult !

Better:

pit — & = logig(prt).

p2t = & = logio(P2t)



Two-dimensional integration, bremsstrahlung

pp - ppy E, > 100 GeV

do/dE dE_ (mb)

Enhancement on the diagonal(elastic scattering)



Two-dimensional integration, omega rescattering

pp - ppy w IP - fusion

2

do/dE dE_ (mb)

NN absorption should be included.



Two-dimensional integration, pion cloud

pp - ppY y T - fusion
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Absorption probably small



Pseudorapidity distribution of photons and protons

1T T T T T
roton pp - ppy I/\
Vs=14 TeV \
E, > 100 GeV
photon

T T T
>
=

da/dn (ub)
T T

~—

—

10?

LU
oot

102

photon and proton strongly correlated



scalar vs spin-1/2 nucleons
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Pseudorapidity distribution of photons
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Transverse momentum of photons
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Pseudorapidity-transverse momentum distributions

E, > 100 GeV
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Energy of photons
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Proton-proton correlations
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Proton-proton azimuthal correlations
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Comment on absorption effects

@ classical bremsstrahlung
Includes effective nucleon-nucleon interaction.
Including absorption would be (to large extend) a
double-counting.

@ omega rescattering
effective @N interaction -- effectively includes higher orders in N
rescattering.
missing NN inferaction

@ pion cloud
probably small
never both t; and f, are large.

@ photon rescattering

probably small
Either p14(th) or pat(t2) are small.



Conclusions

Exclusive photon production

New mechanisms calculated for the first fime.
Classical bremsstrahlung gives the largest contribution.
Photons are emitted very forward.

Could be measured by ZDC detectors.

Protons are emitted at small angles.

Could be measured by ALPHA or TOTEM.
Combination of both devices simultaneously would allow real
measurement.

Very small contribution at midrapidities.

Next step — include absorption.
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