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Cross Section
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Xsection relatively small
scattering angle tiny
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Structure Functions
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Cross section calculation in pp

final s’ra‘i? A Spectator jet

Wanted: dGF(\/E,Qz) &

d V +— kinematical Q2

variable 1
, -

ij 2 p 1%

Calculable: dGF(xi’xj’ Q*)
dV B=p
S'=X,X,S

Known: fl ( X;, Qzﬁ/ Q? = (.momentum transfer™)?

depends on final state

dc ,(\s,0%)
avVv

dc [ (x,,x;,0%)
dv

:Zjdxl. dx, fi(wa2)fj(xj’Q2)




Cross
Sections
at

Hadron
Colliders

Note:
may trade:

energy <« luminosity

Example:
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Ansatz:

Estimate of Xsection pp — W~ X

du — W~  (valence quarks)

d
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Structure Functions:
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Rough parametrisation:

fa(x) = fa(x) = 2 fa(x)



Cross section (quark level):

di \/—/ ~ 25 1 mw—rw/2<\/?<mw-|—rw/2
o S)Nm2 1 0 else
\ %74



Calculate:

1 max
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Results:

1/GeV = 2 .10 16 p?
FW = 2GeV
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QCD = Quantum Chromodynamics

spin 1/2 B
Gauge theory: - quarks with 3 colors (r,g,b)
SU(3) - 8 gluons (color + anticolor 7,B) o e5(T C
spin 1
u ﬂpﬂﬂ'ﬂ*u,g
| /
SNyl
7 /
d
C
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0 |




self coupling, running, confinement

honabelian:
strong
coupling
.constant”
.Running"™:
'\
>mtm >u-mﬁf_:)am 4 ...
'screening”
+ %@% +
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2 dantscreening /
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mesons and baryons .white":

/

¢« /
confinement
(non perturb.)

asymptotic freedom
(perturbative)

1 10/GeV 10°
~ 1/distance



Hadronization = Fragmentation

String model.

VN

soft

time

hadrons

'/l\\: hadrons

Hadronization: non-perturbative
—> need models!
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Calculation of QCD processes
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hadrons
Typical: 100
particles total

(14 TeV)

experiment

2-5 jets per event

/ parton (quark, gluon)

/ theory

jets reveal hard processs (direction, energy)
experiment and theory must use the same language:

jets need to be defined: ,jet algorithm"
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cone jets

Cone defined in M, projection, radius = ,/(An)’ +(A¢)* (typ = 0.7)
Isolated low energy particles are ignored

Sum of 4-momenta of objects inside cone = jet 4-momentum

potential problems: seed dependence, infrared sensitivity ...

several variations exist



kT jets

a) list of hadrons = clusters

LHebbeker

b) each cluster:
2
d, = Pr,

each pair of clusters:

dij :min(p;,i ) p;,j) ' Rijz-

c) minimum of d; ,d,

—combine or remove from list)

d) iterate: goto b)
till list empty

Example:
(a) (b) )
T
_._-":{:{--FF 2am — — 2am
* P\HHE ) - 7 Beas
(c) e @ e
= - Bzam —— — Beam
u*\'_\ \
(e) = () -

... several variations exist



Inclusive jet production

107

d2c /(dEpdn) (fb/GeV)

Conclusion: agreement with QCD over many orders of magnitudel!
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multijet events

Test
QCD

Measure
alphas from
relative
fraction of
events with
2,3,.. jets

(1/N) dN/dm,, (per 50 GeV/c?)
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W and Z T.Hebbeker

measured at LEP \
reference for W mass measW

* production cross section
- decay modes

- W mass 2
T | = cos?0,, =1—sin>0

o W w

m, f@@ﬁ of @M :

« W width
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Discovery:
UAL, UA2
(1983)

LR NN

p b

+

g

Precision measurement
h""i"‘n‘ T S :-:-‘-: :
Z mass at LEP: eSS 4 [
S
911876 +- 0.0021 GeV




W.,Z: production and decay

e
Y K

P.q
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/

W decay probability:

Br~N_,
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Z decay probability:
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Events/ 5 GeV

W: width

10" F > 10% F
N L
e, = 1.6 GeV o
Black circles w/ error bar - data
—
03| n FW = 2.1 GeV Z 3 Solid line - MC
; N r _ 2 6 G V S 10 ? Shadowed area - background
W — . e E
DO 1.8 TeV
102 | 10
10 3 10 g
1+ Monte Carlo 1
1 1 L { 1 1 L J 1 L 1 J 1 1 L | L 1 1 | 1 L 1 ‘ 1 1 1 | L 1 1 :
40 60 80 100 120 140 160 180 200 40 60 80 100 120 140 160 180 20
m, (GeV) MT

.. difficult...

Tevatron combined: 2.160+ 0.047 GelV (indirect+direct)



6, X Br (pb)

W,Z: production cross section

CDF and D@ Runll Preliminary

350—
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CDF and D@ Runll Preliminary

pp— WX = v +X

* D@(e) @ DO(u)

Runll
ACDF{e) W CDF(W)
wD@(e) O DI(w)

Runl
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pp-physics with charm and bottom

cross section huge !

* cross section

* new mesons/baryons/hybrids/... ?
* hadron masses

* hadron lifetimes

* branching fractions (rare decays ?)
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Example: D meson masses

CDF Run Il Preliminary 5.8 pb !
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Reconstruction of decay vertices
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Example: B' Lifetime | 115 D h-1

B e DU data
= : Total Fit
10 | B+ signal
- o e R e e e (e Background
2 _
7 =k
s Q@ B
L Lﬁ u hge =495 £25um (stat) +29/-37 (syst)
o 2
10 D2 Run Il Preliminary

)
"% 1.65 + 0.08(stat.) +g-}‘j (syst.) ps

L !
]

decay length:

"': .i‘“l !
10 ',“ Tl 1

Lab frame: 1 | H
L = ct B’Y 1 *e “*..m ¢ - 3

"o, J.:.

|_|_'||||||||||||||||~T ||||||i L_l
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Top Discovery

Fermilab, 1995

v pp 1800GeV

SLT muon
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* Cross section
- decay modes

+ fop mass

Top Physws
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80.6

1 — LEP1, SLD Data
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Top Identification

cross section small (at 2 TeV)

decay:
t—>Wbh
Sighature:
W—qaq,lv
2 b jets
+ leptons/jets/missing energy




Top event 1n DO
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(~ 100 events)




T.Hebbeker

Top event in CDF
Run IT

(~ 100 events)
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Top Pair Production
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Tevatron Run I
CDF + DO:
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Appendices
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Hadronization
String model:

. ED | .I.E-I- -
L % %’? / qep =9 =t
| % : |
.string" |

AP =

9 time
KQQ‘)]/\ QCD:
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