Parton kinematics

LHC parton kinematics

® To serve as a handy “look-up”

table, it's useful to define a

parton-parton luminosity

« this is from a ontribution to v e
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® Equation 3 can be used to RN
estimate the production rate

for a hard scattering at the

L H C Fig. 1: Parton kinematics for the LHC.
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The prefactor with the Kronecker delta avoids double-counting in case the partons are identical. The
generic parton-model formula
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can then be written as
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Cross section estimates

for the gluon pair production rate for s=1 TeV and As = 0.015,
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Fig. 2: Left: luminosity [%%-‘-] in pb integrated over y. Green=gg, Blue=g(d + u +s+c+b) +gld+u+5+c+b) +
(d+u+s+e+blg+(d+a+35+E+b)g Red=dd + wii + 558 + c& + bb + dd + iiu + 5s + & + bb. Right: parton level

Ccross sections [.@&,- j] for various processes



Luminosities as a function of y
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Fig. 3: dLuminosity/dy at y = (1,2, 4, 6. Green=gyg, Blue=g(d + u+ s +c+b)+gld+ i+ 5+F+ b +i{d+u+s+ec+
bg+{(d+8+35+7+D)g Red=dd + ufi + £3 + o7 4 bb + dd + Tiu + 35 + 7 + bb.
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Fig. 4: Fractional uncertainty of gg luminosity integrated over 3. Fig. 5: Fractional uneertainty of gg luminosity at y = 0.



Fractional uncertainty of dL/ds dy
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Fractional uncertainty of dL/ds dy
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Fractional uncertainty of dlL/ds
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Back to Sudakov form factors

® The Sudakov form factor

gives the probability for a
parton not to radiate, with a
given resolution scale, when
evolving from a large scale
down to a small scale

A(t) = exp Jdr J.dz -
Probability of emission
Increases with color charge
(gluon vs quark), with larger
max scale, with decreasing
scale for a resolvable
emission and with decreasing
parton X

P(z)
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Sudakov form factors

® Curves from top to bottom

correspond to x values of 0.3,0.1,
0.03, 0.01, 0.001, 0.0001

Sudakov form factors for g->qg
for x<0.03 are similar to form
factor for x=0.03 (and so are not
shown)

Sudakov form factors for g->gg
continue to drop with decreasing
X
¢ @g->gg splitting function P(z)
has singularities both as z->0
and as z->1

¢ Q->qg has only z->1
singularity

For example, probability for an
initial state gluon of x=0.01 not to
emit a gluon of >=10 GeV whe
starting from an initial of
200 GeV is ~35%, i.e. there is a
65% probability for such an

emissinn

Sudakov form factors g->qg Q=200 GeV
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® |f | go to small x, or
high scale or a gluon
initial state, then
probability of a ISR
gluon emission
approaches unity

® [he above sentence
basically describes
the LHC

Sudakov form factors
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Sudakov form factors g->gg Q=500 GeV
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Consider inclusive jet production

® 500 GeV jets at the s et aX
Tevatron are produced T o S
primarily by qQ R
scattering (although gq ~ - eTee
still important) a

® For 500 GeV jets atthe
LHC, scale down by a §ost
factor of 7 in x g

® Most of the jet events will
be produced by at least
one gluon in the initial ol
50 100 180 200 280 30D 50 400 450 00
state E, (G
‘ High Q, Sma”er X, gIUOn FIiZ. & The subprocess contributions to central j=t production.

Initial states mean more
ISR
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Jet production

® At the Tevatron, there's a
50% chance of an
additional (soft) jet in a
high p; dijet event

+ there’s a Sudakov
suppression of events
without such radiation

® FII’St Jet |n dan ATLAS _ LegoPlot for ATLA| LAS CegoPlol
high p; dijet MC sample P N @
" B o fia:f.'ﬁ s

that | looked at has 12
jets (but still clear dijet

structure)




