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QCD lecture 4 (p. 2)
I—Combining PS + FO
L Tree-level + PS

» Tree-level (LO) gives decent description of multi-jet structure
» NLO gives good normalisation

» Parton-shower gives good behaviour in soft-collinear regions and
fully exclusive final state.

Can we combine the advantages of all three?
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L Combining PS + FO Difficulties in merging Tree-level(s) + PS?

L Tree-level + PS

Suppose you ask for Z+jet as your initial hard process in
Pythia/Herwig.

» They contain the correct ME for Z+.
» But you want Z+2j to be correct too.

Naive approach: you could also generate Z+2j events with Alpgen (or
Madgraph, etc.) and run the shower from those configurations too.
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L Combining PS + FO Add Z+1jet, Z+2jet + shower

L Tree-level + PS

DOUBLE
COUNTING
TI T s vvvuvy V. TE T
shower Z+parton shower Z+2partons shower of Z+parton
generates hard gluon

Double counting + associated issues with virtual corrections
are the main problems when merging PS + ME
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I—Combining PS + FO Mergl ng prOCGdUreS

L Tree-level + PS

ME + PS merging is an attempt to solve this. There are many variants.
One common one is “MLM matching” — a summary of it is:

>

Introduce a cutoff QuEe

» Use the matrix elements to generate tree-level events for Z+1 parton,

vV v v VY

Z+2 partons, ...Z+N partons, where all partons must have p; > QuE,
and are separated from the others by some angle Rye.
Numbers of events are in proportion to their cross sections with these cuts

Take one of these tree level events, say with n-partons.
Shower it with your favourite Parton Shower program.
Identify all jets that have pr > Qmerge (chosen 2 Quie)

If each parton corresponds to one of the jets (= is nearby in angle) and
there are no extra jets above scale (merge, accept the event.
Otherwise reject it. [Replace Qmerge — pn if n = N]

NB: MLM stands for Michelangelo L. Mangano



QCD lecture 4 (p. 6)

I—Combining PS + FO MLM example

L Tree-level + PS

shower Z+parton shower Z+2partons shower of Z+parton
generates hard gluon
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I—Combining P2+FO MLM example

L Tree-level + PS

ACCEPT ACCEPT REJECT

shower Z+parton shower Z+2partons shower of Z+parton
generates hard gluon

» Hard jets above scale Qmerge have distributions given by tree-level ME
> Rejection procedure eliminates “double-counted” jets from parton shower

> Rejection generates Sudakov form factors between individual jet scales
How well? Depends on details of PS. One of the weaker points of MLM
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L Combining PS + FO Merging — other schemes

L Tree-level + PS

MLM is the standard merging available from Alpgen

There are several other merging procedures on the market

» MLM a la MadGraph Mainly changes details of jet finding
» CKKW e.g. in Sherpa
» CKKW-L e.g. in Ariadne
» Pseudo Shower by Mrenna

They vary essentially in whether/how they match partons & jets, the
definitions of the jets, and some include analytic Sudakov form factors (e.g.
CKKW).

They all involve some implicit form of p; cutoff.
Usually physics well above cutoff is independent of cutoff?
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L Combining PS + FO

L Tree-level + PS
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I—Combining PS + FO
L Tree-level + PS

L + 2 jets
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I—Combining PS + FO
L Tree-level + PS

L + 2 jets

» ME + PS merging helps get
correct p; dependence

» It works much better than plain
parton showers

» Normalisation is still quite
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L Combining PS + FO

L Tree-level + PS

Z + 3 jets
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I—Combining PS + FO
L-NLO + PS

Can we get parton-shower structure, with NLO accuracy
(e.g. control of normalisation, pattern of radiation of extra
parton)?
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I—Combining PS + FO
L-NLO + PS

MCONLO ideas Frixione & Webber '02

v

Expand your Monte Carlo branching to first order in s
Rather non-trivial — requires deep understanding of MC

v

Calculate differences wrt true O () both in real and virtual pieces

v

If your Monte Carlo gives correct soft and/or collinear limits, those
differences are finite

v

Generate extra partonic configurations with phase-space distributions
proportional to those differences and shower them
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L Combining PS + FO MCGNLO cont.

L-NLO + PS

Let's imagine a problem with one phase-space dimension, e.g. E. Expand
Monte Carlo cross section for emission with energy E:

oMC =1 x §(E) + aso M (E) + asaMSS(E) + O (a2)
With true NLO real/virtual terms as aso1r(E) and aso1vd(E), define
MC@NLO = MC x (1 + as(ory — M) + as/dE(alR(E) - UM?C(E))>

All weights finite, but can be £1

Processes include  Frixione, Laenen, Motylinski, Nason, Webber, White '02-'08

Higgs boson, single vector boson, vector boson pair, heavy quark pair,
single top (with and without associated W), lepton pair and associated
Higgs+W/Z
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I—Combining PS + FO POVVH EG
LNLO + PS
Aims to work around MC@NLO limitations Nason '04

» the (small fraction of) negative weights

> the tight interconnection with a specific MC

Principle

» Write a simplified Monte Carlo that generates just one emission (the
hardest one) which alone gives the correct NLO result.
Essentially uses special Sudakov
A(ke) = exp(— [ exact real-radition probability above k;)

» Lets your default parton-shower do branchings below that k;.

Processes include

pp — Heavy-quark pair, Higgs, single vector-boson
Alioli, Frixione, Nason, Oleari, Re '07-08

pp — W' ete™ — tt Papaefstathiou, Latunde-Dada
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I—Combining PS + FO
L-NLO + PS

MCGONLO e.g.:

tt p; distribution for LHC
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figure from talk by Frixione '04

Solid: MC@QNLO
Dashed: HERWIGX%
Dotted: NLO

» MCGONLO gets right
normalisation

» correct behaviour at low p;
(~ rescaled Herwig)

» correct behaviour at high p;
(~ NLO)
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L Combining PS + FO Summary of merging/matching

L-NLO + PS

» You can merge many different tree-levels (Z+1, Z+2, Z+3, ...) with
parton showering together into a consistent sample.
Shapes should be OK, normalisation is rather uncertain
Procedures are flexible and general — but not necessarily the final word

» You can merge NLO accuracy with parton showers for simple processes
(at most one light jet — single top case)

Two main methods: MC@ONLO / POWHEG
It is hard theory work — must be done on a case by case basis

» Incorporation of different multiplicities (Z+1, Z42, Z+3, ...)
consistently at NLO for each multiplicity, together with parton showering,
is a current research problem.
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L Jets

We've completed our tour of predictive methods in collider QCD
(LO, NLO, NNLO; parton showers; mergings and matchings)

The last topic of these lectures is jets
They've already arisen in various contexts; now look at them in detail
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iy Seeing v. defining jets

Jets are what we see.
Clearly(?) 2 jets here
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iy Seeing v. defining jets

Jets are what we see.
Clearly(?) 2 jets here

How many jets do you see?
Do you really want to ask yourself
this question for 10° events?
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L Jets Jets as projections
LO partons NLO partons parton shower hadron level
Jet | Def " Jet | Def " Jet | Def " Jet | Def "

jetl jet2 jetl jet2 jetl jet2 jetl jet2

VO

Projection to jets provides “universal” view of event
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L jets QCD jets flowchart

[Tree level ] [Monte Carlo]q— - —{ NLO

Jets (theory tool)

SUOI329.1100 dN+

MC + Tree

Jet X-sct

Detector sim.

Jet X-sct

Detector unfolding

DETECTOR

Jet (definitions) provide central link between expt., “theory” and theory
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= QCD jets flowchart

Jets

[Tree level J [Monte Carlo]q— - _@

[

e

~ ()
\

Detector unfolding

DETECTOR @

Jet (definitions) provide central link between expt., “theory” and theory
And jets are an input to almost all analyses

Jets (theory tool)

SUOI329.1100 dN+

MC + Tree

Jet X-sct

Detector sim.

Jet X-sct
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L jers There is no unique jet definition

The construction of a jet is unavoidably ambiguous. On at least two fronts:

1. which particles get put together into a common jet? Jet algorithm
+ parameters, e.g. jet angular radius R

2. how do you combine their momenta? Recombination scheme
Most commonly used: direct 4-vector sums (E-scheme)
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L jers There is no unique jet definition

The construction of a jet is unavoidably ambiguous. On at least two fronts:

1. which particles get put together into a common jet? Jet algorithm
+ parameters, e.g. jet angular radius R

2. how do you combine their momenta? Recombination scheme
Most commonly used: direct 4-vector sums (E-scheme)

Taken together, these different elements specify a choice of jet
definition cf. Les Houches '07 nomenclature accord

Ambiguity complicates life,
but gives flexibility in one’s view of events
— Jets non-trivial!
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L jers Two main classes of jet alg.

Sequential recombination (ki, etc.)

» bottom-up

> successively undoes QCD branching

Cone

> top-down
» centred around idea of an ‘invariant’, directed energy flow
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L k:/Durham algorithm

Jets
I—Sequential recomb.

Majority of QCD branching is soft & collinear, with following divergences:

20,Co  dEj  db;

k (k)| ~ E; E;, ii 1).

To invert branching process, take pair with strongest divergence between
them — they're the most likely to belong together.

This is basis of ky/Durham algorithm (eTe™):

1. Calculate (or update) distances between all particles i and j:

2 min(E?, EJ2)(1 — cos )

2. Find smallest of y; NB: relative k; between particles

> If > ycut, stop clustering
» Otherwise recombine / and j, and repeat from step 1

Catani, Dokshitzer, Olsson, Turnock & Webber '91
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L jets k: alg. at hadron colliders

I—Sequential recomb.

inclusive k; algorithm

» Introduce angular radius R (NB: dimensionless!)

AR?
s 20 2 2 2 2 2
dj =min(pzi, )z > dB =Py (ARG =(i—y) + (8- )]
> 1. Find smallest of dj;, dig
2. if ij, recombine them
3. if iB, call i a jet and remove from list of particles
4. repeat from step 1 until no particles left.

S.D. Ellis & Soper, '93; the simplest to use
Jets all separated by at least R on y, ¢ cylinder.

NB: number of jets not IR safe (soft jets near beam); number of jets above
pr cut is IR safe.
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L jers Sequential recombination

I—Sequential recomb.

ki alg.: Find smallest of
d;j = min(kZ, kfj)AR,-Jz-/Rz, dig = k2

If djj recombine; if djg, i is a jet
Example clustering with k; algo-
rithm, R = 0.7

¢ assumed 0O for all towers
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L jers Sequential recombination
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I—Sequential recomb.
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p/GeV J dnin is dij = 4.8967

60 1 dj = min(kf, k) ARG /R?,  dig = kj;
50 - If djj recombine; if djg, i is a jet

) Example clustering with k;: algo-
40 - rithm, R = 0.7

¢ assumed 0O for all towers
30 A

20 +

10 +




QCD lecture 4 (p. 25)

L jers Sequential recombination

I—Sequential recomb.

ki alg.: Find smallest of

p,/GeV |
60 | dj = min(kf, k) ARG /R?,  dig = kj;
50 - If djj recombine; if djg, i is a jet
) Example clustering with k;: algo-
40 - rithm, R = 0.7
¢ assumed 0O for all towers
30 4

20 +

10 +




QCD lecture 4 (p. 25)

L jers Sequential recombination

I—Sequential recomb.

ki alg.: Find smallest of
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L jers Sequential recombination

I—Sequential recomb.

ki alg.: Find smallest of
p/GeV J dnin is dij = 27.1518

60 1 dj = min(kf, k) ARG /R?,  dig = kj;
50 - If djj recombine; if djg, i is a jet

) Example clustering with k;: algo-
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L jers Sequential recombination

I—Sequential recomb.
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L Jets

I—Sequential recomb.

Sequential recombination

p,/GeV

60 -

50 -

40

30 -

20 +

10 +

Jdnminis dij = 35 524

ki alg.: Find smallest of
dj = min(kf, k) ARG /R?,  dig = kj;

If djj recombine; if djg, i is a jet
Example clustering with k; algo-
rithm, R = 0.7

¢ assumed 0O for all towers
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L jers Sequential recombination

I—Sequential recomb.

ki alg.: Find smallest of

p,/GeV |
60 | dj = min(kf, k) ARG /R?,  dig = kj;
50 - If djj recombine; if djg, i is a jet

Example clustering with k; algo-
rithm, R = 0.7

¢ assumed 0O for all towers
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L Jets

I—Sequential recomb.

Sequential recombination

p,/GeV
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Jdminis dij =117 188

ki alg.: Find smallest of
dj = min(kf, k) ARG /R?,  dig = kj;

If djj recombine; if djg, i is a jet
Example clustering with k; algo-
rithm, R = 0.7

¢ assumed 0O for all towers
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L jers Sequential recombination

I—Sequential recomb.

ki alg.: Find smallest of

p/Gev | dj = min(kf, k) ARG /R?,  dig = kj;

60 -
If djj recombine; if djg, i is a jet
50 | Example clustering with k; algo-
rithm, R = 0.7

¢ assumed 0O for all towers
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L Jets

I—Sequential recomb.

Sequential recombination

p/GeVv

60 4

50 4

4 dmin is di B S

154. 864

ki alg.: Find smallest of
dj = min(kf, k) ARG /R?,  dig = kj;

If djj recombine; if djg, i is a jet
Example clustering with k; algo-
rithm, R = 0.7

¢ assumed 0O for all towers
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L jers Sequential recombination

I—Sequential recomb.

ki alg.: Find smallest of

p/Gev | dj = min(kf, k) ARG /R?,  dig = kj;

60 -
If djj recombine; if djg, i is a jet
50 | Example clustering with k; algo-
rithm, R = 0.7

¢ assumed 0O for all towers




QCD lecture 4 (p. 25)

L Jets

I—Sequential recomb.
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Example clustering with k; algo-
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p/GeV ] Cone is stable
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50 -

40

30 -
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One of the simpler cones
e.g. CMS iterative cone

» Take hardest particle as seed for
cone axis

I
|
|
|
| » Draw cone around seed

|

| » Sum the momenta use as new

| . . . .

| seed direction, iterate until stable
1 » Convert contents into a “jet” and
|

! remove from event

|

|

|

|

|
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cone axis
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cone axis
50 -
» Draw cone around seed
40 | » Sum the momenta use as new
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remove from event
20 A
Notes
1t » “Hardest particle” is collinear

unsafe more right away...
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C e ICPR iteration issue
Cones

cone iteration - — cone axis
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200
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p; (GeVic)

jet1 rapidity
L

jet 2

Collinear splitting can modify the hard jets: ICPR algorithms are
collinear unsafe = perturbative calculations give oo
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D e Consequences of collinear unsafety
Cones
Collinear Safe Collinear Unsafe
e | e | 1 L ]
jetl jetl jetl jetl o
jet2
an X (—o0) an X (+00) an X (—o0) an X (+00)
S S S S

Infinities cancel

Infinities do not cancel

Invalidates perturbation theory
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IRC safety & real-life

Real life does not have infinities, but pert. infinity leaves a real-life trace

4
2+ad+atxoo—al+ad+al xinp/N— a2+ ad+al
—_——

Among consequences of IR unsafety:

Last meaningful order

BOTH WASTED

JetClu, ATLAS | MidPoint | CMS it. cone | Known at
cone [Ic-sm] (ICmp-SM] [IC-PR]
Inclusive jets LO NLO NLO NLO (— NNLO)
W/Z + 1 jet LO NLO NLO NLO
3 jets none LO LO NLO [nlojet++]
W/Z + 2 jets none LO LO NLO [MCFV]
Miet in 2j + X none none none LO

NB: 50,000,000%/£/CHF /€ investment in NLO
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L e IRC safety & real-life

L Cones

Real life does not have infinities, but pert. infinity leaves a real-life trace
ol +af x 00— o +af x Inp: /N — ol +al
——
BOTH WASTED

Among consequences of IR unsafety:

Last meaningful order
JetClu, ATLAS | MidPoint | CMS it. cone | Known at
cone [Ic-sm] (ICmp-SM] [IC-PR]
Inclusive jets LO NLO NLO NLO (— NNLO)
W/Z + 1 jet LO NLO NLO NLO
3 jets none LO LO NLO [nlojet++]
W/Z + 2 jets none LO LO NLO [MCFV]
Miet in 2j + X none none none LO

NB: 50,000,000%/£/CHF /€ investment in NLO

Multi-jet contexts much more sensitive: ubiquitous at LHC
And LHC will rely on QCD for background double-checks
extraction of cross sections, extraction of parameters
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L Jets Essential characteristic of cones?

L Cones

Cone (ICPR),, ..... (Some) cone algorithms give

circular jets in y — ¢ plane

P, [GeV]

Much appreciated by experi-
ments e.g. for acceptance

corrections

0
K
0 s y b, 6oV kq a|g_ R=1 [FastJet]

k: jets are irregular

Because soft junk clusters to-
gether first:

dj = min(kg;, kZ) AR
Regularly held against k;
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I—Cones

Is there some other, non

cone-based way of getting
circular jets?
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L Jets Two directions

L Cones

GPS & Soyez '07
Same family as Tev. Run Il alg

N

Cacciari, GPS & Soyez '08
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Cpes Adapting seq. rec. to give circular jets

Soft stuff clusters with nearest neighbour

ket dy = min(k3, k2)AR? ks dy = —
- ,'J'—mln( o tJ) I-J-—>ant|- t- U—m

Hard stuff clusters with nearest neighbour
Privilege collinear divergence over soft divergence
Cacciari, GPS & Soyez '08
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Cpes Adapting seq. rec. to give circular jets

Soft stuff clusters with nearest neighbour
2
AR?

iy = min(o KDAR] — antike: oy =

ti’

Hard stuff clusters with nearest neighbour
divergence over soft divergence

b [GeV] Cacciari, GPS & Soyez '08

anti-k; gives
cone-like jets

without using stable
cones
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L Jets
L Cones

There is plenty more choice for (IR safe) jet finding
(4 good algs are Cam/Aachen, anti-k;, SISCone and k;)

Do all you can to avoid IR unsafe jet algorithms
(ATLAS iterative cone, CMS iterative cone, etc.).

Think about the choice of parameters in your jet definition
(what radius for what problem?)
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S An example

Searching for high-p; (boosted) heavy particles, such as a
Higgs boson.

Because LHC will have /s > my, highly boosted Higgses,
ptH > my, are not so rare.

The boost factor collimates the Higgs decay into a single
jet. Can we still identify it?
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C e pp — ZH — vivbb, @14 TeV, my=115GeV

L Cones

Herwig 6.510 + Jimmy 4.31 + FastJet 2.3

p. [GeV] [ all jets, default R = 1.2
t o " >
90
80
70
60
50
40
30
209~

Cluster event, C/A, R=1.2



QCD lecture 4 (p. 36)

C e pp — ZH — vivbb, @14 TeV, my=115GeV

L Cones

Herwig 6.510 + Jimmy 4.31 + FastJet 2.3

b, [GeV] [ éll |§ts, default R =1.2 .

90

80
70
60
50
40}

Fill it in, — show jets more clearly
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C e pp — ZH — vivbb, @14 TeV, my=115GeV

l—Cones
SIGNAL
Herwig 6.510 + Jimmy 4.31 + FastJet 2.3 o 0= Pz =280 GeY
p, [GeV] [ Hardest jef, ptf246.211 m=1§0.465 o1 | 1
90 '
80 0.05 [\ E
o o
607 h
50 0 b=—" .
4Oj 80 100 120 140 160
304 : i L my, [GeV]
203~ o ' L Zbb BACKGROUND
104 R 200 < p;z < 250 GeV
i 0.008 : .
0.006 —f \ g
\7777\\
0.004 - \ ]
y 0.002 | h
Consider hardest jet, m = 150 GeV © 4o 150 150 130 1o
my, [GeV]

arbitrary norm.
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C e pp — ZH — vivbb, @14 TeV, my=115GeV

L Cones
SIGNAL

Herwig 6.510 + Jimmy 4.31 + FastJet 2.3 __ o0=pz=z00ey
pt [GSV] | Drop step 1; DeltaR = 1.03129; pt1=?43.291 m1=139.158; pt2=3.944 m2=5.24475 oa L ]
90+
o 0.05 [\ ]
707 [~
60 ) :

50 o L— ‘ ‘
] 80 100 120 140 160

my [GeV]

Zbb BACKGROUND

200 < pyz < 250 GeV

0.008
0.006 —f \\\ i
0.004 - \ ]
y 0.002 | h
P max(my,m2 °
split: m = 150 GeV, % = 0.92 — repeat 80 100 120 140 160

my, [GeV]

arbitrary norm.
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C e pp — ZH — vivbb, @14 TeV, my=115GeV

L Cones
SIGNAL

Herwig 6.510 + Jimmy 4.31 + FastJet 2.3 g 00 =P =250 Gev
pt [GSV] | Drop step 2; Delta R = 0.87699; pt1=1.:45.536 m1=52.3423; pt2=102.622 m2=27.7967 oa ]
BOE o B ) . 0.05 ‘ \ 1
705 . - o . .
603 B 1 e - / ~.
50 bt
] 80 100 120 140 160
my [GeV]
Zbb BACKGROUND
200 < pyz < 250 GeV
0.008 . .
0.006 |- |
0.004 4
0 -4
¢ y 0.002 |- ]
TN
. max(my,m2 o
Spllt: m = 139 Gev: # B 037 — Mass drop 80 100 120 140 160
m my, [GeV]

arbitrary norm.
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C e pp — ZH — vivbb, @14 TeV, my=115GeV

L Cones
SIGNAL

Herwig 6.510 + Jimmy 4.31 + FastJet 2.3 s 0= Pa= 280GV
P, [GeV] [ oropstepz DeliaR=D.B769.9: pt1=1.:45.536 m1=52.3423; pt.z=|oz.azz m2=27.7967 oal 1
90 T
80 ) R e _— 0.05 E
E I - - ) ~L
60 S - . - / ~
s R ot .
E R— ) . 80 100 120 140 160
my [GeV]
Zbb BACKGROUND
200 < py < 250 GeV
0.008 T T
0.006 A
0.004 - E
0.002 A
L
CheCk _y]_2 Pt2 >~ O 7 — OK + 2 b tagS (ant| QCD) 080 100 120 140 160
my, [GeV]

arbitrary norm.



QCD lecture 4 (p. 36)

C e pp — ZH — vivbb, @14 TeV, my=115GeV

L Cones
SIGNAL

200 < p;y < 250 GeV

Herwig 6.510 + Jimmy 4.31 + FastJet 2.3

0.15
b, [GeV] | Rfilt = 0.3 oa | ]
9072 “"“‘\\\
80 0.05 | | \ —
707 =
60 / ~
50 o b=/ .
| 80 100 120 140 160
:g; . my [GeV]
20 Zbb BACKGROUND
103 200 < py < 250 GeV
0.008 T T
0.006 -
0.004 B
0.002 -
™~~~
Rfi’t — 0'3 080 100 120 140 160

my, [GeV]

arbitrary norm.



Tt pp— ZH — visbb, @14TeV, my=115GeV

Jets

l—Cones
SIGNAL
Herwig 6.510 + Jimmy 4.31 + FastJet 2.3 o 0= Pz =280 GeY
p, [GeV] [ Final filtered r.esult," pt=227.257 m=117.211 oa L ““ 1
90] : m
80 0.05 I B
705 VN
50 AN
50 ol
4Oj 80 100 120 140 160
305 . my [GeV]
203~ Zbb BACKGROUND
103 200 < pyz < 250 GeV
0.008 T T T
0.006 -
0.004 -
0.002 £ 4
\’ﬁ\,
R = 0.3: take 3 hardest, m = 117 GeV © 6o 150 150 90 Teo
my, [GeV]

arbitrary norm.
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I—Closing;

To conclude
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L Closing What kinds of searches?

mass peak New resonance (e.g. Z') where you see all

_ decay products and reconstruct an invari-
Signal ant mass

/ QCD may:

> swamp signal

» smear signal

da/ dm[log scal€]

QCD

leptonic case easy; hadronic case harder

prediction

mass
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L Closing What kinds of searches?

mass edge New resonance (e.g. R-parity conserving

_ SUSY), where undetected new stable par-
Signal ticle escapes detection.

/

Reconstruct only part of an invariant mass
— kinematic edge.

QCD may:

> swamp signal

da/ dm[log scal€]

QCD

prediction

» smear signal

mass
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L Closing What kinds of searches?
high-mass excess Unreconstructed SUSY cascade. Study ef-
fective mass (sum of all transverse mo-

Signal menta).

Broad excess at high mass scales.

Knowledge of backgrounds is crucial is
declaring discovery.

da/ dm[log scal€]

QCD QCD is one way of getting handle on back-
prediction ground.

mass
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L Closing What kinds of searches?

do/ dm [log scal€]
do/ dm [log scal€]
do/ dm [log scal€]
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L Closing If you want to find out more

Classic references

QCD and collider physics

Ellis, Stirling & Webber,
Cambridge University Press 1996

The Handbook of Perturbative QCD,
the CTEQ Collaboration
http://www.phys.psu.edu/~cteq/

Advanced topics

Monte Carlos, Matching, Heavy-quarks, Jets, PDFs, etc.
E.g.: transparencies from CTEQ-MCNet 2008 QCD school
http://tr.im/oUWG


http://www.phys.psu.edu/~cteq/
http://tr.im/oUWG
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