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Electron-Proton scattering and the Quark Parton Model

Quark Parton Model:

« ep -scattering —» eq - scattering via photon €
exchange with
x virtuality @°
E'prf ,D

x inelasticity y, in proton restzframe: Ezrf

x momentum fraction Xx= o2

cms
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x virtuality @°

ep - scattering — eq - scattering via photon
exchange with

prf
x inelasticity y, in proton rest frame: Ezrf

2
. Q e
x momentum fraction Xx= £

cms

no interaction between quarks assumed

> QCD not included
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ep - scattering — eq - scattering via photon
exchange with

x virtuality @°
prf

x inelasticity y, in proton restzframe: E;rf
x momentum fraction Xx= ?32

cms

no interaction between quarks assumed

> QCD not included
d’o 2,
> cross section: = (1 +(1—y

dx sz X Q4

> q,(x) : parton distribution function of
flavour i

Pl 3 elxa,(x

flavouri
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dx sz X Q4

> q,(x) : parton distribution function of
flavour i

ep - scattering — eq - scattering via photon €
exchange with
x virtuality @°
prf ,D

x inelasticity y, in proton restzframe: E;rf
¥ momentum fraction Xx= %z
no interaction between quarks assumed

> QCD not included ) 5

d o nm«,,
> cross section: = (1+(1—y)2) > €,~2Xqi(x)

flavouri
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Electron-Proton scattering and the Quark Parton Model

Quark Parton Model:

« ep -scattering —» eq - scattering via photon €
exchange with
x virtuality @°
E'Prf ,D

x inelasticity y, in proton rest frame: E;rf

2
. Q e
x momentum fraction X= £

cms

« no interaction between quarks assumed

> QCD not included
d20' 2Tr(xem 2
5> cross section: = (1 +(1—y)

dx dQ2 X Q4

> q,(x) : parton distribution function of

flavour i
] Quark Parton Model
> structure function F,(x,Q?)
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Improving the QPM: QCD and Parton Evolution

QCD Improved Quark Parton Model

. include perturative QCD e
p
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Improving the QPM: QCD and Parton Evolution

QCD Improved Quark Parton Model
. include perturative QCD via e
x initial state gluon radiation

x final state gluon radiation

p
L 2
2\_ 2 rd& X X X Q
F,(x,Q%)=x-€: {?q,@) S(1-5) + 5=Pulg/li
Axel Cholewa, H1 Coll:, DESYSRRN - AT UUET Hamburg, April 2008
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Improving the QPM: QCD and Parton Evolution

QCD Improved Quark Parton Model

. include perturative QCD via e
x initial state gluon radiation
x final state gluon radiation
x gluon splitting P

> Boson Gluon Fusion
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Improving the QPM: QCD and Parton Evolution

Boson Gluon Fusion

- dominant process at low x €
p
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Improving the QPM: QCD and Parton Evolution

Boson Gluon Fusion
- dominant process at low x €
. pp'scattering at low x dominated by

> Gluon Gluon Fusion
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Improving the QPM: QCD and Parton Evolution

Boson Gluon Fusion
- dominant process at low x €
. pp'scattering at low x dominated by

> Gluon Gluon Fusion

p
P g
(z > HERA's impact on
g q Tevatron and LHC
p
EOKCTETENGERCTCT04T DESY Student Seminar G ETN TS ALY TPT T
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Improving the QPM: QCD and Parton Evolution

Parton Evolution Equations

. calculate PDF f,(x,Q?) at energy scale Q?

after parton radiation

x gluon evolution:

2 1
ag(X;IJ )N X fd§g<§,u2)ng(£)

oln p 2, § 3
x P, (x/¢): g — gg splitting function
Axel Cholewa, H1 Coll., DESY Student Se Hamburg, April 2008
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Parton Evolution Equatio

. calculate PDF f,(x,0Q%) & Q2 =10 GeV?

after parton radiation

x gluon evolution:

~

oln u? 2T

0g(x,1%) }_a f-

Q2 = 100 GeV?2

x P, (x/<): g — ggspl

-4 '-3 '-z '-1
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Approaches for Evolving Parton Distributions

Collinear Approximation:

. transverse momentum of incoming gluon

negligible: k, <Q* = k,~0
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Approaches for Evolving Parton Distributions

Collinear Approximation:

. transverse momentum of incoming gluon
negligible: k, <Q* = k,~0
. in each splitting k, ; ; <k, ; k, ordering
x in MC event generators: only kt,i—1<kt,i
realizable

> subsequent adjustment of kinematics

p
necessary
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11



B Determination of Parton Densities in DIS . . |

Approaches for Evolving Parton Distributions

kt factorisation:

. transverse momentum of incoming gluon

fully taking into account: k,#0
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- PDFs k, dependent

> unintegrated PDFs A(x,k,, 1)
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Approaches for Evolving Parton Distributions

kt factorisation:

- transverse momentum of incoming gluon
fully taking into account: k,#0
- PDFs k, dependent
> unintegrated PDFs A(x,k,, 1)
« no adjustments of kinematics in MC event
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« CCFM evolution equations
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Approaches for Evolving Parton Distributions

kt factorisation:

- transverse momentum of incoming gluon
fully taking into account: k,#0
- PDFs k, dependent
> unintegrated PDFs A(x,k,, 1)
« no adjustments of kinematics in MC event

generators necessary

« CCFM evolution equations
x fulfill k, ordering at high x

- implemented in MC event generator

CASCADE
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Global Structure Function Data

Data suited for PDF extraction

e
« Structure Function Data from various
experiments:
X F;p: H1l, ZEUS, BCDMS, NMC, ...
p
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Global Structure Function Data

Data suited for PDF extraction

« Structure Function Data from various
experiments:
x F°P:H1, ZEUS, BCDMS, NMC, ...
x F; : SLAC, BCDMS, NMC, HERA
x F4YF4P: NMC

> tests ratio u,/d,

x F'": parity violating structure function P
from (anti-) neutrino scattering at CCFR
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Extracting Parton Distributions

Composition of the Proton
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Extracting Parton Distributions

Composition of the Proton

« choose parametrisation of initial PDFs:

u(x)=N_x“(1-x)"P,(x)
d(x)=N ;x“(1-x)"P ,(x)
S(x)=N x*(1-x)*P4(x)
g(x)=N,x“(1-x)"P (x)

x P,(x) polynomial in xor Vx
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Extracting Parton Distributions

Composition of the Proton

« choose parametrisation of initial PDFs:

u(x)=N_x“(1-x)"P,(x)
d(x)=N ;x“(1-x)"P ,(x)
S(x)=N x*(1-x)*P4(x)
g(x)=N,x“(1-x)"P (x)

x P,(x) polynomial in xor Vx

. k, factorisation as implemented in MC

generator CASCADE:

Ay (x, kD) =Nx*(1-x)

o
Axel Cholewa, H1 Coll., DESY Student Se Hamburg, April 2008
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Extracting Parton Distributions

Performing 2 Fits to Inclusive Data:

- various methods for solving evolution equations,

e. g.
x QCDNUM using NLO matrix elements

x MC event generators
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Extracting Parton Distributions

Performing 2 Fits to Inclusive Data:

- various methods for solving evolution equations,

e. g.
x QCDNUM using NLO matrix elements
x MC event generators

« PDF extraction results from minimization of

(di_ti)z

2
X = Z 2 + O corr

i o;
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Extracting Parton Distributions

Performing 2 Fits to Inclusive Data:

- various methods for solving evolution equations,
e. g.
x QCDNUM using NLO matrix elements
x MC event generators

« PDF extraction results from minimization of

(di_ti)z

2
X = Z 2 + O corr

i o;

- estimate uncertainty on PDFs parameters by

AX:=1
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Extracting Parton Distributions

Performing 2 Fits to Inclusive Data:

- various methods for solving evolution equations,
e. g.
x QCDNUM using NLO matrix elements
x MC event generators
« PDF extraction results from minimization of
(d;—t,)°

2
X = Z 2 + O corr

i o;

- estimate uncertainty on PDFs parameters by
AX*=1
x current debate: uncertainties underestimated
for large data sets?

> CTEQ: AX*=100 better choice?

Axel Cholewa, H1 Coll., DESY Student Se Hamburg, April 2008
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Extracting Parton Distributions

Performing 2 Fits using MC event generators,
e. g. CASCADE:

« gluon evolution only

> x< 0.01
Axel Cholewa, H1 Coll., DESY tudent S Hamburg, April 2008
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Extracting Parton Distributions

Performing 2 Fits using MC event generators,
e. g. CASCADE: e

« gluon evolution only
> x< 0.01

« choose starting parameters for

k,—(k,))? e
Ao(X,kf)ZNX“(l—x)BeXp(—( ‘ <2 2 )
x typical values: 7 B

oa ; frn'r

B =4.0

<k,> = 1.2 GeV

Axel Cholewa, H1 Coll., DESY Student Se Hamburg, April 2008
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Extracting Parton Distributions

Performing 2 Fits using MC event generators,
e. g. CASCADE: e

« gluon evolution only
> x< 0.01

« choose starting parameters for

k,—(k,))? e
Ao(X,kf)ZNX“(l—x)BeXp(—( ‘ <2 2 )
x typical values: 7 B

oa ; fwm

B =4.0

<k,> = 1.2 GeV
« generate events in each minimization step
- compare to measurements (HzTooL, RIVET)
and calculate y2
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Extracting Parton Distributions

Performing 2 Fits using MC event generators,
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e compare to measurements (HZTOO0L, RIVET)
and calculate y2
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Summary

« Quark Parton Model

> Fz(x,Qz)Z Z el.zxqi(x)
flavouri
e
p
Axel Cholewa, H1 Coll., DESY dent Hamburg, April 2008
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Summary

« Quark Parton Model
> Fz(x,Qz): Z eizxqi(x)
- Evolution Equations favorrs e
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