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Jets in hadronic coll
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Inclusive production of jets is the largest component of high-Q
phenomena in hadronic collisions

QCD predictions are known up to NLO accuracy

Intrinsic theoretical uncertainty (at NLO) is approximately 10%
Uncertainty due to knowledge of parton densities varies from
5-10% (at low transverse momentum, P to 100% (at very high

P corresponding to high-x gluons)

Jet are used as probes of the quark structure (possible
substructure implies departures from point-like behaviour of
cross-section), or as probes of new particles (peaks in the
invariant mass distribution of jet pairs)
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Phase space and cross-section for LO jet

production
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The measurement of pT and rapidities for a dijet final state uniquely determines
the parton momenta X| and X. Knowledge of the partonic cross-section

allows therefore the determination of partonic densities f(x)



Small-angle jet production, a useful approximation for the
determination of the matrix elements and of the cross-section

At small scattering angle, ¢ = (p: — p3)* ~ (1 —cosB) — 0

and the |/t"propagators associated with t-channel gluon exchange dominate the
matrix elements for all processes. In this limit it is easy to evaluate the matrix
elements. For example:

p —> > p
g k N(}\‘a)ij(}\'a)kl(zpﬂ)%(zqﬂ) — ?(k‘l)ij(x“),d

where we used the fact that, for k=p-p’<<p (small angle scattering),

a(p")vuu(p) ~ a(p)v,u(p) = 2p,

, N MP = 1 NZ—14s°
Using our colour algebra results, we then get: CO%M N2 4 22

Noting that the result must be symmetric under s<>u exchange, and setting

. 4 % + u?
Nc=3, we finally obtain: > M =5—3
col,spin !

which turns out to be the exact result!6




Quark-gluon and gluon-gluon scattering

We repeat the exercise in the more complex case of qg scattering, assuming the
dominance of the t-channel gluon-exchange diagram:

iq > > 9
abcy ¢ 1 abc 4 ¢
a,PZSZSKZSZSKb,p’
. - s2+u2
Using the colour algebra results, and 2 MP? =
enforcing the s<>u symmetry, we get: 5

52—|—u2 45+ u?
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which differs by only 20% from the exact resuh.T MP =

: : o .
even in the large-angle region, at 90 col spin

2 2
In a similar way we obtain for gg E M(gg — gg)|* = ? (S_ 4+ S_>
scattering (using the t<>u symmetry): . fspin 2 \?  u?

9 ut us st
2 _
compared to the exact result E M(gg — 88)|” = ) (3 T2 2 uz)

col,spin

with a 20% difference at 90° 7




Note that in the leading |/t approximation we get the following result:

= ./\ .A 9. 04
ogg.cqg.oqqzz.l.g

where 4/9 = Cr/ Ca = [(N?-1)/2N] / N is the ratio
of the squared colour charges of quarks and gluons

and therefore

dCjy = / dxydxy Y fi(x1) fi(x2) d6i; = / dxydxy Yy F(x1) F (x2) dGgg
hi i

where we defined the "effective parton density’ F(x):

F() = 80+ 5 3 6i(x) + ()

As a result jet data cannot be used to extract separately gluon and quark
densities. On the other hand, assuming an accurate knowledge of the quark
densities (say from HERA), jet data can help in the determination of the
gluon density



Process

at 90°
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The presence of a quark substructure would manifest itself via contact interactions (as
in Fermi’s theory of weak interactions). On one side these new interactions would
lead to an increase in cross-section, on the other they would affect the jets’ angular
distributions. In the dijet CMF, QCD implies Rutherford law, and extra point-like
interactions can then be isolated using a fit. With the anticipated statistics of 300 fb-1,

limits on the scale of the new interactions in excess of 40 TeV should be reached (to
increase to 60 TeV with 3000 fb-1)



Some more kinematics

Prove as an exercise that

X1p = cosh y* e
beam
where f_ M= _ M tmo
Yy > 9 Vb )

We can therefore reach large values of x either by selecting large
invariant mass events:

Pr

coshy* =1 —1

beam

or by selecting low-mass events, but with large boosts (yb large) in either

positive of negative directions. In this case, we probe large-x with events
where possible new physics is absent, thus setting consistent constraints
on the behaviour of the cross-section in the high-mass region, which
could hide new phenomena.



% Difference from NLO QCD with MRSDO'
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Example, at the Tevatron

DO jet data, and
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Data / Theory Data / Theory

Data / Theory

Tevatron,

Run 2 results
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Leptons

Experimentally, electrons, muons and taus are entirely different
objects. Their identification requires different components of the
detector, different techniques, and is subject to different
backgrounds.

As seen from a theorists, all leptons are produced the same.
Nevertheless there is a large variety of possible production
mechanisms, each one of them leading to different overall properties
of the final state.When considering leptons as a signal for new
physics, it is important to have a clear picture of their irreducible SM
sources



Single lepton

Sources of single high-pt leptons:
e W—elu+v
o /TT2e/lp+ X
e b—e/py+ X
e t7Wb—e/lu+v+b



Differential Rates
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Quark
colour
charge

CF Ol

1/2 x o,

Quark weak
charge

Initial state

colour averages

N

X (1)

~1/3 at 90°
X 1 X F (s < u)
1/2

V-A, only L-
handed quarks
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Dileptons
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W/Z

Ratios

WW /WZ

WWW /WWZ

WWWW /
WWWZ

2.5

Ratio determined by

couplings to quarks, u/d

1.3

Ratio determined by
couplings among VV/Z,

asymmetry of proton

SU(2) invariance

WW/W WWW /WW WWWW / WWW
5.0E-04 2E-03 5E-03
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Current expl results on production of
gauge bosons at the Tevatron

Tevatron Run Il pp at\s = 1.96 TeV
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Some properties of rates
for multijet final states
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Multijet rates

O [Mb]

Etict >20 GeV 350

Et/i°t >50 GeV 12.7

Njet=2 | Njet=3 [ N jet=4 | N jet=5
19 2.6 0.35
0.45 0.045 0.004
0.85 0.021 0.0015 0.0001

0.054
0.035
0.025

0(3)/0(2)

W ET>20

0.0/71

a(4)/0(3)
W ET>50

o(5)/o(4)
ET>100

® The higher the jet Et
threshold, the harder to
emit an extra jet

® When several jets are
already present,
however, emission of an
additional one is less
suppressed 25



Multijet rates, vs Vs, with Eti¢t> 20 GeV

O [pb]

Vs > 100
GeV

\s > 500
GeV

Vs > 1000
GeV

N jet=2|N jet=3 [N jet=4 | N jet=5
75 17.3 2.6 0.37
0.27 0.47 0.30 0.13
0.012 | 0.021 | 0.022 | 0.031

High mass final states are dominated
by multijet configurations

0.021 0.022

0.012

o@2) o) o o)
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Top production and bgs

/ NEY Y p—
Y )
G(W-+bbX) G(W-+bbjj X)
O(ct) [Pb] | OW*X) | 106520 GeV] | [ptb,ptj >20 GeV]
Tevatron 6 20 x 103 3 0.16
LHC 800 160 x 103 20 |6
Increase x 100 x 10 x 10 x 100
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1+ cross-section
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W+Multijet rates

oxB(W—eV)[pb] |N jet=1|N jet=2(N jet=3|N jet=4|N jet=5|N jet=6
3400 1130 340 100 28 7
230 37 5.7 0.75 0.08 0.009

Er(jets) > 20 GeV, |n|<2.5,AR>0.7

a)o(l) oB)/o2) o@4)/aB3) o(5)/a4) a(6)o(5)
W LHC

B TeV

Ratios almost constant
over a large range of
multiplicities

O(;) at Tevatron, but
much bigger at LHC
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Wbb+jets rates

5.00

L/ Pattern of

2.50 multiplicity distribution

1.25 very different than in
0 WHjets!

N=0 N=I N=2 N=3 N=4
B o(W—I]bb + N jets)[pb] , LHC

In pp collisions (contrary to the Tevatron, p-pbar) :

Njee=0 « &> x Lum(q gbar) = Niee=l « &s* x Lum(q g)
> munamm VAVAVAY,

Y Beware of

nhaive O power
counting!!
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