Cross Section Measurements
Ingredients to a Cross Section

Mostly Deep Inelastic Scattering
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Prerequisites and Reminders ...

Natural Units

% Four-Vector Kinematics h=1,c=1

% Lorentz Transformation Fe — 197.3 MeV fm

8 Lorentz Boogt (hic)? = 0.3894 GeV? mb
S Lorentz Invariance

i Rapidity etc.

3 Invariant Mass p=(E,p

> CMS-Energy 0 ( ; ) ) )

é Particle Decays p-=E"—p"=m

T Crosls Section 3 =p / E,~=E /m

£ Matrix Element

£ Phase Space

il  Feynman Diagrams o ==
2 Mandelstam Variables pr-p2 = ErBy =1
B oy : 4-vector scalar product
% g_artlgn Distributions Lorentz invariant
= jorken-x

— All quantities like cross sections etc.

should be in terms of scalar products of 4-vectors ...
Toni Baroncelli - INFN Roma TRE Physics at Hadron Colliders




Prerequisites and Reminders ...

Natural Units
Four-Vector Kinematics
Lorentz Transformation
Lorentz Boost

Lorentz Invariance
Rapidity etc.

Invariant Mass
CMS-Energy

Particle Decays
Cross Section

Matrix Element

Phase Space
Feynman Diagrams
Mandelstam Variables

Parton Distributions
Bjorken-x
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—p
p=(E,p)
Particle momentum as seen
in laboratory frame ...

* k =k
p" = (E”,p7)
Particle momentum as viewed from a
frame moving with velocity Br ...

|_orentz Transformation:

E* =~5-E—7¢Br-p)
p| =P —VbBs E
pr = Pr

1
2

with vs = (1— B%)

Physics at Hadron Colliders



Prerequisites and Reminders ...

p7 IS conserved, p, of colliding objects is unknown
— constraint only in transverse plain

T

Natural Units

Four-Vector Kinematics X0 5o X
| orentz Transformation *% Js
| orentz Boost

Proton

<

Proton
Lorentz Invariance | | | Schematic
Rapidity etc. Relevant kinematic variables: oroton-proton scattering
Invariant Mass e Transverse momentum: pt
CMS-Energy e Rapidity: y = ¥2:In (E-pz)/(E+p2)

e Pseudorapidity: n = -In tan %26

Particle Decays * Azimuthal angle: ¢

Cross Section
Matrix Element Pseudorapidity
Phase Space =0 (=90°)

Feynman Diagrams
Mandelstam Variables

n=1 (~40°)
Parton Distributions
Bjorken-x
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n=2 (~15°

n=3 (~6°)
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Prerequisites and Reminders ...

Py, I P3, 113
5 Natural Units >(<
o . . - ) P, 111 Pj, 111
" Four-Vector Kinematics Invariant Mass: 202 v
£ Lorentz Transformation 2 9
; p—
8 Lorentz Boost M (P1 + p2)
8 Lorentz Invariance = (E1 + E)* — (p1 + p2)*
B Rapphty etc. =m2 +m2 + 2E, Ey(1 — 5, 5,)
2 Invariant Mass
§ CMS-Energy Center-of-mass Energy:
0 Particle Decays , )1
=|  Cross Section Een = [(E1 + E5)* — (p1 + pa) ] 2
E’ Matrix Element
3 Phase Space Particle 2 at rest:
d Feynman Diagrams ) ) 1
S Mandelstam Variables Eem = [ml +my + 2317712]
§ Parton Distributions Particle Collider:
2 Bjorken-x |Ey = Eg3; Py = —pa; my = mg =0

Eemm =2FE
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)Y)Prerequisites and Reminders . ».m,

P53, My

Natural Units
Four-Vector Kinematics
Lorentz Transformation
Lorentz Boost

Lorentz Invariance
Rapidity etc.

Invariant Mass
CMS-Energy

Cross Section

Particle Decays
Matrix Element

Phase Space
Feynman Diagrams
Mandelstam Variables

Parton Distributions
Bjorken-x

Toni Baroncelli Experimental High Energy Physics at Colliders Winter 2021

Toni Baroncelli - INFN Roma TRE

Py, M, P> My »

Differential Matrix element
Cross Section:
(2m) 4|4 |2 Physics
do ——
4\/(171 - p2)? — mim3
X d(I)’n(pl T P25 P3y -« pn+2)
n-body
Phase space Kinematics
dd,, = n n 3
_ 54 , Pi
=0 (P ;p‘) Hl (27)32E
P,y My Partial = =
Decay Rate: with P = p1 + po
pi,my . (27’(’)4
dl' = M |?
o Y]

X d(I)’n, (Pa P1, 7p’n)
P.M

Physics at Hadron Colliders



Prerequisites and Reminders ...

Mandelstam variables:

Py My P33 s = (D + Po)° = (D3 + Pa)?
Natural Units t = (01— P3)2 = (05 - P4)?
Four-Vector Kinematics U= (py — Pa)? = (0, — P3)?
Lorentz Transformation  p,, m, Py my
Lorentz Boost
Lorentz Invariance Relativistic limit (m; is the mass of particle i):
Rapidity etc.
Invariant Mass | s = 2p; - Py =  2p3 - D4 a2 2 2 2
CMS-Energy b bs-b s +it+u=mi+m;+mg+my

t~ —2p1 -p3 = —2p2 - Py
Particle Decays
N — Py R —2ps3 -

Cross Section L 2P1 - P4 Ps " P2 f\/f

Matrix Element |
Phase Space S‘C*}a””e' f :
Feynman Diagrams |

f f
Mandelstam Variables /\ /
|
Parton Distributions P |

t-channel
u-channel
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o f ) o f
Bjorken-x 7% TR .
f \ \ f
;o LY f 2ap
8 o X 2
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Natural Units
Four-Vector Kinematics
Lorentz Transformation
Lorentz Boost

Lorentz Invariance
Rapidity etc.

Invariant Mass
CMS-Energy

Particle Decays
Cross Section

Matrix Element

Phase Space
Feynman Diagrams
Mandelstam Variables

Parton Distributions
Bjorken-x
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Proton-Proton

Cross Section: 1

=Y / dz1dzs| fi(21,Q?) fi(z, Q?)
ij

Parton content:
f(x,Q2) = q(x,Q2?) or g(x,Q2)

6(Q%)

. Bjorken-x

involve in hard process

Q2 : scale; spacial resolution

Invariant Parton Parton mass

f : Parton Distribution function
measured e.g. at HERA ...




Proton-Proton Scattering @ LHC

% Proton

< Proton remnants ~

: forward direction Sroduct
= gy Hard Process roauc
g [calculable]

E fi(=;) ~ large angles
§ PDFs fk -Tk)

2 LD

E B Proton remnants ~ Product
g forward direction

’ Proton
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Feynman Diagrams

Fermi's Golden Rule

dN
Wﬁ = 27 |Mﬁ|2 dEf

Transitié).n Phase space
probability Matrix element

4-vector current

.
Mg = _f,;/jl(}) = ~-j(2)d4a:

s
bt
by
-

g v |Mﬁ|2
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QCD Matrix Elements

Hard scattering with quarks and gluons!

>ww< I ‘93 = QCD coupling strength

Subprocess |IM|?/gd IM(90°)|*/ g3
qq — qq' 4 8% +4?
qq3'—q3') 9 {2
4 (5 + 42 g §2 + 12 8 3
—p ey -~ ™ o -
qq qq 9 ;2 Y ﬁt
. ,, 4t*+dal
A -
4 (2442 {2440\ 8 @2
9 it

§
}"% wea 5( ) m
32 2 +82 8 424 t?
— — = 1.0
9= 99 27 t 3 2

I~ & ToUEEems 0.1

244 4 5+ 42 i
—+ — — &
il t2 9 43
P+t PHE A
—’ — —~ S—
e 3 t? i §?
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Proton-Proton Scattering @ LHC

Proton o= E/dﬂtldwz fiz1,Q%) fi(=, Q%) 6(Q°)
ij

® Hadronization

T jpl Hard Process

[calculable]

fi(z;)

PDFs fk (Ik)

LD

Hadron-Jets Leptons

Partons dress up

Shower
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Proton Hadronization
[ohenomenological]
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Electron-Proton Scattering

PDFs are needed to compute cross-section
— How to measurs e PDFs ? Unfolding 2 PDFs is ~difficult — replace p with e

e
eq > eq
Electron Y

~
N q - Electron

S Hard Process
[calculable]

m

Do Quark
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Proton
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Electron-Proton Scattering @ HERA

Scattered

Electron Electron-Proton
Scattering

Electron

-
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Scattered

Quark
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B A A A & 2 & A 2

DEUTSCHES ELEKTRONEN SYNCHROTRON DESY HAMBURG

HERA was an Hadron-Electron Ring Accelerator in Desy, Hamburg-DE. It began operating in
1992 around 15 to 30 m underground and has a circumference of 6.3 km. . At
HERA, electrons or positrons were collided with protons at . ERA
was closed down on 30 June 2007. The HERA tunnel is located T and the
nearby Volkspark Leptons and protons were stored in two independent storage rings on top
of each other inside this tunnel. There are four interaction regions, which were used by the
experiments H1, ZEUS, HERMES and Hera-B. Leptons (electrons or positrons) were pre-
accelerated to 450 MeV in the linear accelerator LINAC-II. From there they were injected into
the storage ring DESY-Il and accelerated further to 7.5 GeV before their transfer into PETRA,
where they were accelerated 1o 14 GeV, Finally they were injected into their storage ring in the
HERA tunnel and reached a This storage ring was equipped with
warm (non-superconducting) magnets keeping the leptons on their circular track by a
magnetic field of 0.17 Tesla. Protons were obtained from originally negatively
charged hydrogen ions and pre-accelerated to 50 MeV in a linear accelerator. They were then
injected into the proton synchrotron DESY-/ll and accelerated further to 7 GeV. Then they
were transferred to PETRA where they were accelerated to 40_G

iInto their storage ring in the HERA tunnel and reached thei ] The
proton storage ring used superconducting magnets to keep the protons on track. The
characteristic build-up time expected for the HERA accelerator was approximately
40 minutes.

Toni Baroncelli - INFN Roma TRE Physics at Hadron Colliders
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DEUTSCHES ELEKTRONEN-SYNCHROTRON DESY HAMBURG
o i GAONDET 1950

s

A ssssassaaaa

HERA: pe Accelerator in Desy, Hamburg-DE:

» It began operating in 1992. and was closed down in 2007.

» circumference of 6.3 km

» Leptons and protons were stored in two independent storage rings on top of each
other inside this tunnel.

» warm (non-superconducting) with a magnetic field of 0.17 Tesla for leptons
superconducting magnets for protons

electrons (or positrons): 450 MeV (LINAC-Il) — 7.5 GeV (DESY-Il) — 14 GeV (PETRA)
— 27.5 GeVHERA)

Protons : 50 MeV (Linac) — to 7 GeV (DESY-ll) — 40 GeV (PETRA)| — 920 GeV
(HERA).
final cms energy: 318 GeV

four interaction regions, — experiments H1, ZEUS, HERMES and Hera-B.
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Hera Accelerator at Desy

i i

Hl1 Expcr? tHall
\ 779 m

Y !
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Electron-Proton Scattering @ HERA

Asymmetric beams — unbalanced event, mostly in the p direction
— asymmetric detector

FL14 NI [ 11
(M T ING EVETIL

Ty - H1 Experiment

275GV | =
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Electron-Proton Scattering @ HERA

Electron (%)
Electron (%)

2 2
Cross Section: Q° =-@
| — (kK2
do ~ dOeq X 72 Quark
Ano?/g? x-S €4 q(x) XM Quark

e, quark charge

Toni Baroncelli Experimental High Energy Physics at Colliders Winter 2021

S I: Proton
Remnant
Proton Structure function

describes proton structure

obability to find quark with mom. fraction
Toni Baroncelli - INFN Roma TRE ProbabIlty toTind quark wi AN X prysics at Hadron Colliders
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Structure Function Fo

Electron-Quark
scattering

(spinless case)

g

With
quark-quark
Interactions

XOX)

Toni Baroncelli 73NFN Roma TRE  *

do(eq) _ 4na?_, )
dq? gt Ca e
Rutherford scattering T -
on pointlike target .
g do(ep) 4ma? 062 + 2] — 4 a2
- [ e;+ ed] -
q* q*

do(ep) . 4o’ o 2
xad - o [esu(x) +e5d(x) +...]
4o’ FQ(X)
— q4 X

QPM: Structure Functions Fz2 independent of Q?
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Three
Proton valence quarks

Three bound
Proton valence quarks

Bound valence
Proton quarks + gluon radiation

%
% %

[see e.g. Halzen/Martin|
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small x
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1/3

v

valence

v
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Invariant Quantities in DIS

P, M—>

Invariant quantities:

——— = FE — E’ is the lepton’s energy loss in the nucleon rest frame (in earlier
literature sometimes v = q - P). Here, E and E’ are the initial and final
lepton energies in the nucleon rest frame.

= 5> 92

—¢*=2EE' -k - k') — my — m%, where my(m,s) is the initial (final) lepton mass.

If EE'sin?(0/2) > m%, m‘z,, then

AEE'sin?(0/2), where 6 is the lepton’s scattering angle with respect to the lepton
beam direction.

where, 1n the parton model, z 1s the fraction of the nucleon’s momentum
carried by the struck quark.

P v]. : :
IZ_P = 7| the fraction pf the lepton’s energy lost in the nucleon rest frame.

= (P + q)2 = M2 +2Mv — Q2 1s the mass squared of the system X recoiling against
the scattered lepton.

2
(k+ P)2 = Q@ + M2+ m? is the center-of-mass energy squared of the lepton-nucleon

Toni Baroncelli - INFN Roma TRE Physics at Hadron Colliders



Kinematics of DIS -

Particle Data Group
— PDG CERN
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8. Deep inelastic scattering.

In lepton-hadron scattering at sutficiently high energies one finds a large number of hadrons
in the final state: thisis deep inelastic scattering (DIS). The multiplicity of the hadronic system
varies event by event. The reaction equation for electron-proton DIS is written as

e +p—are + X (84)

where X stands for the hadronic system with an arbitrary number of particles. A generic
diagram depicting the DIS process is shown in Fig. 2.

(k)

X(P)

Figure 2: Generic diagram of deep inelastic scattering.

To describe the DIS reaction kinematics we denote the 4d-momentum of the incoming electron
by k = (E.0.0. k). that of the target proton by P and those of the scattered electron and of the
hadronic system by k' and P’, respectively. The exchanged virtual photon ~* has 4d-momentum
q =k — k'. 4-momentum conservation demands

k+P=K+DP (85)

and we have the mass-shell conditions k* = k'* = m?* and P* = mi. Since energies characteristic
of DIS are at least of several GeV, the electron mass can be safely set equal to zero. Then we
oot for the square of the 4-momentum transfer q* = (k — k') = —2EE'(1 — cosf), and we see
that ¢ < 0, .e. the exchanged photon is space-like.



Kinematics of DIS - 2

The invariant W? = P'? is variable because of the variable multiplicity of particles in the
hadronic system, each of which can have an arbitrary kinetic energy up to some maximuim
value. Therefore the complete kinematics of DIS is determined by three independent invariants
rather than two as we are used to in elastic collisions. A natural choice of one of these invariants
is the square of the total CMS energy S,

(86)

which is defined by the beam energy.
The second invariant is usually chosen to be the negative square of 4-momentum transfer:

The third independent invariant can be taken to be W or alternatively one of the dimensionless
variables

(88)
or

(89)

where ¢ =k — k.

The variable y has a simple physical meaning in the target rest frame where P = (m,,0,0,0),
k = (Epap. 0.0, Epag). and k' = (E] (., p4), hence y = 1 — E| \y/Epag. t-e. y is the relative
energy loss of the electron in the LAB frame.

The invariant r is the Bjorken scaling variable or simply Bjorken-r. It was first recognised
as an important variable of DIS by J.D. Bjorken who predicted the property of scaling in DIS
which was subsequently confirmed experimentally.

Interesting is the expression of S in terms of the beam energies. In fixed target DIS we
have the electron or muon beam with 4-momentum k = (E. 0,0, E') and the proton target with
P = {m,.0,0,0), hence

5= mi +2m,FE

Toni Baroncelli Experimental High Energy Physics at Colliders Winter 2021

whereas in an electron-proton collider like HERA we have 4-momenta P = (E,.0,0, E,) and
k= (E..0,0,—E.) and hence
S =4E.E,

Toni Baroncelli - INFN Roma TRE Physics at Hadron Colliders



Kinematics of DIS - 3

Other useful relations between the various kinematical variables are the following:
()* = ryS (90)

and

W2 =mi+Q*(1/x —1) (91)

where in the latter formula we have kept the proton mass in order to indicate that the threshold
of W corresponds to elastic scattering.

Within the framework of the parton model, DIS proceeds by the exchange of a photon or
intermediate vector boson with only one of the quarks in the proton. This is shown in the
diagram in Fig. 3.

The electron-guark collision is elastic. As a result of this collision the struck quark acquires
a sufficient momentum to break away from the rest of the proton as far as the colour force
allows 1t to travel. At this stage some of the binding energy is converted into the creation of a
quark-antiquark pair from the vacuum: the antiquark combines with the original quark into a
meson, leaving behind a quark which can give rise to the creation of another quark-antiquark

e(k) (k')

X(P')

Toni Baroncelli Experimental High Energy Physics at Colliders Winter 2021

p(P)
Figure 3: Parton model diagram of deep inelastic scattering.

Toni Baroncelli - INFN Roma TRE Physics at Hadron Colliders



Kinematics of DIS - 4

pair. This process, called fragmentation, continues until the remaining energy drops below the
threshold for the creation of another pair. Thus, as a result of fragmentation, several mesons
are created which travel roughly in the direction of the struck quark. Such a system of mesons,
or more generally of hadrons, is called a jet. The residue of the proton is a highly unstable
system: 1t has lost a quark. absorbed a quark presumably of the wrong sort that is left over
from the fragmentation, and has absorbed a fraction of the energy transterred from the electron.
Therefore it breaks up into several hadrons.

The elastic electron-quark collision is the hard subprocess of DIS. It we think of the incoming
electron and proton as travelling in opposite directions, then the quark carries a fraction of the
proton momentum. At a sufficiently high momentum, where the proton mass is negligible, the
energy of the quark is the same fraction of the proton energy. It turns out that this fraction is
identical with the Bjorken-r defined above. Denoting the 4-momentum of the incoming quark
by p we have therefore

p=uxP

Denoting the invariant (k4 p)® by s, which is the squared CMS enerey of the subprocess, we
have therefore also

s = xS (02)

This, together with the definition of ()?, shows that the two independent invariants that control
- - - .)
the kinematics of the subprocess are r and ()°.

Toni Baroncelli Experimental High Energy Physics at Colliders Winter 2021

Toni Baroncelli - INFN Roma TRE Physics at Hadron Colliders




Kinematics of DIS - 5

The first DIS experiments were carried out in 1967 at the Stanford 2-mile linear electron
accelerator with electron beams of up to 20 GeV and hydrogen targets at rest, giving a CNS
energy of about 6 GeV. Subsequent fixed target experiments were done in other laboratories,
notably at the CERN SPS with muon beams of up to nearly 300 GeV and hence of CNS
energies up to about 25 GeV. The range of energies available for DIS was extended by an
order of magnitude when in 1992 the electron-proton collider HERA came into operation at
the DESY laboratory i Hambure. In this collider the electrons are accelerated up to nearly
30 GeV and the protons up to 820 GeV. egiving a CMS energy of 314 GeV. Theoretically the
corresponding values of ()* o up to about 10° GeV?,

An important tool to study the structure of the nucleon is also deep inelastic scattering with
neutrinos as beam particles. The kinematics is 1dentical with the one described above, but one

must bare in mind that the exchanged particle in neutrino-DIS is an intermediate vector boson,
either the W or the Z.

Toni Baroncelli Experimental High Energy Physics at Colliders Winter 2021
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Fi(z,Q%) — %; QF (as(z) +74(x)) - (28)

The result in Eq. (28) demonstrates that F; depends only on the dimensionless variable z = Q?/2v
in the deep inelastic limit, which is known as Bjorken scaling[5, 6]. The experimental observation of this
scaling was the first direct evidence for point-like constituents in hadrons[7]. The quark distribution
functions gf(z), g;(z) defined by Eq. (26) for z > 0 are an intrinsic non-perturbative property of the

hadron H. They may be interpreted as momentum distributions for quarks and anti-quarks inside the
hadron and in principle (thought not yet in practice) they can be computed from a non-perturbative
analysis in QCD. At present these distribution functions must simply be determined experimentally
from (largely) DIS experiments. We also find that

By, Q) = 22F1(2, Q%) = 2 3@} (4s(+) +7,(2)) (29)

The form of the relation between F; and F; is a consequence of the spin 1/2 nature of the struck quark.
The difference is proportional to the longitudinal structure function Fy(z,Q?), and is zero at lowest
order due to helicity conservation[8].

Applying these results to deep inelastic scattering on a proton target the proton wavefunction is
dominated by uud + - -- where the dots indicate uud plus further quarks (including heavy flavours).
With notation q,(z) = u(z). g, (x) = u(x) etc,

P proton (7, Q%) ~ :c(‘—; (u(z) +u(z)) + 5(d(z) + d(z)) + heavy ﬂavours) : (30)

We note that the derivation of Eq. (28) is an approximation which relies on the assumption that &, being
the the momentum of a quark (or antiquark) inside the proton, should have a very small probability
of having any momentum components greater than O(Agcp). As such it also implies corrections of
O(Acp/@?) corresponding to higher twist operators (as discussed in[9]). However, it also ignores

—~ "
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04

0.2

HERA |

H1 and ZEUS HERA I Combined PDF Fit

08

0.6

(> 0.03)

== HERAPDFLO

B . uncert.

model uncert,

D parametsization uncert.

Q" =2 GeV*

xf
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0.6

04

Reduced uncertainty

HERA | + |l

H1 and ZEUS HERA I+11 Combined PDF Fit

0.2

Q' =2 GeV*

—— HERAPDFLS (prel)

B exp. uncert. /
[:] model uncert,

- param«rlmtlon uncert,

Physics at Hadron Colliders

July 2010

HERA Structure Functions Working Group



Proton Parton Densities

H1 and ZEUS HERA |+l Combined PDF Fit H1 and ZEUS Combined PDF Fit
1.0
b Q2=10GeV2?| | Q2 =10 GeV? |
sl —— HERAPDFLS (prel) i XE _
| - exp. uncert.
" model uncert. S .~ HERAPDF1.0 (HERA I)
Xu,

| parametrization uncert. HERAPDFL1.5 (prel.)

0.6 (HERA I+II)

Xu,

0.4

0.2
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HERA Structure Functions Working Group  July 2010

104 102 102 107 1 0 0.2 0.2 0.6 0.8 1

Linear scale
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Proton Parton Densities

H1 and ZEUS HERA [+ll Combined PDF Fit H1 and ZEUS Combined PDF Fit
1.0

=099 @2 = 10000 GeV? | | Q2 = 10000 GeV?
Xg

—— HERAPDF1.5 (prel.)

0.8[ I exp. uncert. - i
| " model uncert. xS -
X5 (x0.05) I parametrization uncert. ' - HERAPDF1.0 (HERA I)

........... HERAPDF1.5 (prel.)

0.6 B (HERA I+II) ‘

0.4

0.2
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HERA Structure Functions Working Group  July 2010

104 102 102 107 1 0 0.2 0.2 0.6 0.8 1

Linear scale
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Parton Distributions @ Q2 = 10 TeV GeV

NNPDF2.3 NNLO N_ =6
% -~ ll| lllI | | | llllll —Glij'o"rl
i —
4 10’ Gluon PDFNGluons ~— Charm
S - = Bottom
¢ I — Top
3 T R Up quark PDF i
£ v« 10 _ =
5 O -
s B .
§ LOL _
W qa 1 =
X = =
101 | | lllllll | | lllllll | | llllllI lllll |
TCh o 1,0 D e o ._1 0-4 10‘3 X 10-2 10-1 . yuou we Hadron Colliders



Scaling violations in DIS

ncreasing Q2 probes inner structure of proton
High x: quarks| Low x: gluons

Y b |
Z L6 N\ +
< PN

14 - o= se! \ Q7=90 G

12 L \ \\.

: MN \ At low x we have gluon
1 f | THERAPDRZO at high x we have
o5 | quarks

Quarks: when Q2
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"L Seaﬁ increases F5(x)
o4 ; goes down
L2 BGAE 0ss) - Gluons: when Q?
“IC sLacioo increases F(x)
¥ E665(1.00) 2
sl Goes up
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Particle Production @ LHC

LHC parton kinematics

9
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Y, Kinematic domains in DIS
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[Z: mOmentum fraCtiOn Of radiated parton] [DGLAP: Dokshitzer, Gribov, Lipatov, Altarelli, Parisi]
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Measurement of parton functions: which data”

Fixed — target experiments

HERA & Tevatron

LHC
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Table 19.1: The main processes relevant to global PDF analyses, ordered in three
groups: fixed-target experiments, HERA and the pp Tevatron / pp LHC. For each
process we give an indication of their dominant partonic subprocesses, the primary
partons which are probed and the approximate range of x constrained by the data.

Process Subprocess Partons T range

(* {p,n}—»é:':X v*q — q q.q,9 x 2 0.01
(En/p— (£ X v d/u — dju d/u x > 0.01

w— T X wii, dd — v* q 0.015 <z £0.35
pm/pp — ptp— X (ud) /(u@) — ~* d/i 0.015 <z £0.35
v())N - p—(pH) X W*q — ¢ q.q 0.01<2<05
vN —pupt X W*s — ¢ s 0.01 <2<02
vN —ptp— X W*s — ¢ g 0.01 <z<0.2
etp—et X Y'q—q 9.9,4q 1074 <z <01
etp—srvX Wt {d,s} — {u,c} d,s r 2 0.01

etp — e* ceX, e bbX v*e — e, y*g — ce e, b, g 1074 <2 <0.01
etp — jet+X v*g — qq g 001 <2 <0.1
pp.pp — jet+X 99,q99,qq — 27 q,q 0.00005 < z < 0.5
pp— (W = F) X ud — W+ ad — W~ w,d,u,d x > 0.05

w— (WE - F)X ud — W+ du — W— w,d,u,d,g x > 0.001
pp(pp) — (Z — £T67)X uu, dd, ..(ua,..) — Z u,d,..(g) x 2 0.001

pp— W= e, WTe gs— W™e 8,8 x ~ 0.01

pp— (YF—= T0)X ut, dd,.. — y* q,9 x 2 10—

mw— (Y= )X uy,dy,.. — " ¥ x> 1072
pp—bbX, ttX gg — bb, tt g x> 107°,102
pp — exclusive J/1, T v*(gg9) — J/, T g r>107°,10~4
pp— X 99 — Y4, 93 — Yq g z 2 0.005
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Higgs Cross Section
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DIS cross-section foif Charged pnd| Neutral Currents

do</adxay
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2 dra Q%+ My,

The cross sections for neutral- and charged-current deep inelastic scattering on

unpolarized nucleons can be written in terms of the structure functions in the generic
form

2 i 2 2, 27172
X = fraction of momentum ﬂ — (1 — Yy — vy M ) F§
carried by struck quark ~ drdy  zyQ? Q?
y = fraction of lepton energy : y? :

where 7 = NC, CC corresponds to neutral-current (eN — eX) or charged-current

or yN — eX) processes, respectively.

@ HERA
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