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Shadowing

The experimental fact that the total inelastic cross section of a photon colliding with a nucleus of mass number
A is not equal to A times the total inelastic cross section cross section of a photon colliding with a proton

At small x, the nuclear cross section is suppressed with respect to that of the proton
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Shadowing

The experimental fact that the total inelastic cross section of a photon colliding with a nucleus of mass number
A is not equal to A times the total inelastic cross section cross section of a photon colliding with a proton

At small x, the nuclear cross section is suppressed with respect to that of the proton

The term is also used to the fact that the effect is though to arise from multiple scatterings which interfere so

the terms with more scattering "shadow" the one with A times one scattering

When talking about global fits to extract nuclear PDFs the term is used at the parton level, e.g. gluon
shadowing,
Nuclear (or gluon) shadowing can be measured in diffractive production of vector mesons at high energies
which correspond to small values of x
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Multiole scatterine series Generalisation of the Gribov—Glauber
i 5 theory of nuclear shadowing to hard processes with nuclei

Guzey et al (2014)
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Multiple scattering series

Guzey et al (2014)

Interaction with one nucleon. Fixed by HERA data

Multiplied by A yields the impulse approximation (lA)

Need for extrapolation to
the highest LHC energies
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Multiple scattering series Generalisation of the Gribov—Glauber
P 5 theory of nuclear shadowing to hard processes with nuclei
Guzey et al (2014)
Interaction with two nucleons. Need for extrapolation to
At leading twist, fixed by the diffractive gluon distribution of the proton the highest LHC energies

Interaction with one nucleon. Fixed by HERA data Need for extrapolation to
Multiplied by A yields the impulse approximation (lA) the highest LHC energies
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Multiple scattering series Generalisation of the Gribov—Glauber
x 5 theory of nuclear shadowing to hard processes with nuclei

Guzey et al (2014)

Interaction with two nucleons. Need for extrapolation to
At leading twist, fixed by the diffractive gluon distribution of the proton the highest LHC energies

More terms not shown

Interactions with three or more nucleons.
Unknown, have to be modelled

Two hard scatterings, each with one nucleon,
Interaction with one nucleon. Fixed by HERA data Need for extrapolation to 2] SEiff SEEBEiings vt -2 nueleer:
Multiplied by A yields the impulse approximation (lA) the highest LHC energies
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The scattering amplitude

Guzey et al (2014)

These are amplitudes

ﬂyA—ﬂ/yfA(t — O)

Valid only for small momentum transfers

Dependance on impact factor fctorises

A

(@)

J [

Guillermo Contreras, CTU in Prague



https://inspirehep.net/literature/1273593

The scattering amplitude

Guzey et al (2014)

These are amplitudes MNA - +
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Nuclear profile g g
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Valid only for small momentum transfers The photon has different configurations (Wood-Walker picture),

Each one of them interacts with a given cross section

Dependance on impact factor fctorises
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The scattering amplitude

Guzey et al (2014)

These are amplitudes MNA - +

= 5
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Nuclear profile g g
q
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M o7 | 0 £A\W0) A A\D)

The photon has different configurations (Wood-Walker picture),

Valid only for small momentum transfers . : : :
Each one of them interacts with a given cross section

Distribution over cross sections

Dependance on impact factor fctorises

4 Guillermo Contreras, CTU in Prague



https://inspirehep.net/literature/1273593

Impulse approximation

o0

7 2 72,7, 3737

M yp—grya(t = 0) = %J 2 222! 233!
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Impulse approximation

Guzey et al (2014)

o0

7 2 72,7, 3737

M yp—grya(t = 0) = %J 2 222! 233!

0

RG] 1_ng21;(<02> Tib) _ (0% () TAD) | )

0 A (6) 222! (o) (62) 233!
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Impulse approximation

Guzey et al (2014)

o0

7 2 72,7, 3737

M yp—grya(t = 0) = %J 2 222! 233!

0

RG] 1_ng21;(<02> Tib) _ (0% () TAD) | )

0 A (6) 222! (o) (62) 233!

Average over distribution M <0N> — JdGP(G)UN
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Impulse approximation

Guzey et al (2014)

doPL (+ = 0)/dt = x*(6)?/(167)

j yp—Jlwyp

Determined by the
elementary cross section

o0

doP(o) szg [

oTyb) _ S Tib) O TiD) }

Myp—iyat = 0) = %J 2 22 2! 233!

0
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LTA

Guzey et al (2014)

o0

%}/A—J/I/JA(t =0) = %J
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Leading twist approximation n = 0.174 from Gribov-Migdal and HERA data

to diffractive scattering
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Colour fluctuation approximation

o0
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Colour fluctuation approximation

o0
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N > 3: colour fluctuation approximation
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Colour fluctuation approximation

Guzey et al (2014)

o0
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Has to be modelled - strong and weak shadowing <0 > o <6>6203
N > 3: colour fluctuation approximation
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Colour fluctuation approximation: FGS10 H

Frankfurt et al (2012), Sec, 5.1.3

Higher value of shadowing

Near the black disc limit

X <x,=10""%,

Contribution of N > 3 small, modelling unimportant
Linear decrease and zero at 0.1

1074 <X<XH= 10_2, Soft energy dependence
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Colour fluctuation approximation: FGS10 L

Lower value of shadowing

2 _ 2
fooo dO’P,T (0_)0_3 Wi = 600 GeV-,

](L) (WZ) .
Soft — ro0 2 CDF data, quark model counting
fO dO’P,T (O')O' rule, linear interpolation
o0
[ doP, (o) =1,
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/ N doP,(0)o” = (0°) = (o (wz))2 (14 oI (W?))
0

Donachie-Landshoff parameterisation g
1

orN(W?) = 5 ( of N +ol ) = 13.63 (W?)%:0808 4 31,79 (W?)~0425 mp,
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Colour fluctuation approximation: comparison

Frankfurt et al (2012), Sec, 5.1.3

¢ (mb)

H is strong shadowing
Ot IS (if 1 got it right) o3

u,,,“' (52 C A Il

L is weak shadowing

10 Guillermo Contreras, CTU in Prague



https://inspirehep.net/literature/913339

The LTA cross section for coherent scattering

Using Woods-Saxon distribution
and Glauber model

05 =2 szb(l — e~/
diffraction and extrapolation h‘
‘S Large A

2
pQCD — A
LTA (W) = daypﬁf/wp(wy 1 =10) 6, 0p O3
OyA— JiyA\ W yp) =

Fixed to HERA data and

. Fixed to HERA data on
extrapolation

dt 03 03 AU3
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The LTA cross section for coherent scattering

Using Woods-Saxon distribution

and Glauber model

. _ 2701 _ ,—03/2T,(b)
Fixed to HERA data and el e TR i o =21d°b(1 —e AW

el diffraction and extrapolation
Large A
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4 2 s
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2
Ot = | dt |F0)

— 00
Nuclear form factor
Using Woods-Saxon
distribution
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LTA vs EPS

Guzey et al (2014)
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The LTA cross section for incoherent scattering

Guzey et al (2014)

o ~ o,
LTA pQCD § ’
Oyh s J,WA,(WW) N daypﬁf/wp(Wyp) J 5T B |1 - 0 n 0 o —05/2T,(b)
dt dt A 03 O3

In general 05 > 0,
The lower limit o5 = o, corresponds to the
upper limit on the predicted nuclear shadowing.
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If you are really interested, read the papers ...
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