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Advantages of NLO 
l  Less sensitivity to unphysical 

input scales, i.e. renormalization 
and factorization scales 

l  First level of prediction where 
normalization (and sometimes 
shape) can be taken seriously 

l  More physics 
◆  parton merging  gives structure in 

jets 
◆  initial state radiation 
◆  more species of incoming partons 

l  Suppose I have a cross section σ 
calculated to NLO (O(αs

n)) 
l  Any remaining scale dependence 

is of one order higher (O(αs
n+1)) 

◆  in fact, we know the scale 
dependent part of the O(αs

n+1) 
cross section before we perform 
the complete calculation, since 
the scale-dependent terms are 
explicit at the previous order  

LO has 
monotonic 
scale 
dependence 
 
non- 
monotonic 
at NLO 

Inclusive jet prod 
 at NNLO 

we know A and B, not C 

Note that L is a single log, unlike the  
double logs we saw with Sudakov factors  
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Scale choices 
l  We know that we have two 

scales, µR and µF 

l  We know that they should be 
associated with the relevant 
scale in the hard scattering 
process 
◆  sometime this scale is 

evident, like mW for W 
production, pT

jet for 
inclusive jet production 

◆  but what if I have a 
process like W+jet(s) 

▲  there I have both mW and 
pT

jet, and these scales can be 
very different->very different 
answers 

▲  we’ll see that for some 
cases, general scales like HT 
may work best 

l  Often µR and µF are taken 
equal to each other, but the 
physics associated with each 
is a bit different, so they can 
be varied separately…as long 
as the ratio between the two 
scales is not too large (>2) 

l  For then, we would introduce 
a new log into the calculation, 
the log of the ratio of the two 
scales 

l  These logarithms would then 
have to be re-summed to 
restore precision to the 
measurement 

l  We don’t want to have to do 
that 
sum of transverse momenta of all objects in event 
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Scale uncertainties 
l  We try to estimate the uncertainty due to uncalculated higher order 

terms by varying µR,µF over some range, typically a factor of 2 
l  This is normally the best we can do, but we have to keep in mind 

that  higher order corrections can arise from a number of other 
sources such as Sudakov effects, large color factors, large π2 
terms, the opening of new channels 

l  These  contributions are not estimated by the variation of the scale 
logarithms and can be larger than the variation 
◆  for example, because of double logs for Sudakov compared to 

single logs for scale dependence 
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Why does the scale dependence have the shape it does?  

l  Write cross section indicating explicit 
scale-dependent terms 

l  First term (lowest order) in (3) leads to 
monotonically decreasing behavior as 
scale increases (the LO piece) 

l  Second term is negative for µ<pT, 
positive for µ>pT 

l  Third term is negative for factorization 
scale M < pT 

l  Fourth term has same dependence as 
lowest order term 

l  Thus, lines one and four give 
contributions which decrease 
monotonically with increasing scale 
while lines two and three start out 
negative, reach zero when the scales 
are equal to pT, and are positive for 
larger scales 

l  At NLO, result is a roughly parabolic 
behavior 

(1) 
(2) 

(3) 
(4) 
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Why does the scale dependence have the shape it does?  

l  Write cross section indicating explicit 
scale-dependent terms 

l  First term (lowest order) in (3) leads to 
monotonically decreasing behavior as 
scale increases (the LO piece) 

l  Second term is negative for µ<pT, 
positive for µ>pT 

l  Third term is negative for factorization 
scale M < pT 

l  Fourth term has same dependence as 
lowest order term 

l  Thus, lines one and four give 
contributions which decrease 
monotonically with increasing scale 
while lines two and three start out 
negative, reach zero when the scales 
are equal to pT, and are positive for 
larger scales 

l  At NLO, result is a roughly parabolic 
behavior 

(1) 
(2) 

(3) 
(4) 

Note that  
NLO=LO  
for a scale 
of about pT/2;  
for other scales 
NLO>LO, or 
NLO<LO 
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In 2-D parabola is a surface 

Various projections 

jet production at 
the LHC 
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Useful to look at contour plots 

Jet production at the LHC 
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It’s also useful to use a log-log scale 
l  …since 

perturbative 
QCD is 
logarithmic 

l  Note that 
there’s a saddle 
region, and a 
saddle point, 
where locally 
there is no 
slope for the 
cross section 
with respect to 
the two scales 

l  This is kind of 
the ‘golden 
point’ and 
typically around 
the expected 
scale (pT

jet in 
this case) 
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Aside: looking for saddle points 
l  Can find saddle point 

analytically by solving a 
transcendental equation 

l  …where ρ1 is a 
dimensionless form of 
the jet cross section, and 
τ depends on the scale µ 
and on Λ	



l  Choosing the saddle 
point as the scale is 
called the PMS scheme 
(Principle of Minimal 
Sensitivity) 
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Scale choices 
l  Take inclusive jet production at the 

LHC 
l  We know that the scale should have 

something to do with the jet pT 
l  Canonical scale choice at the LHC is 

µr=µf=1.0*pT 

◆  CDF used 0.5pT 

◆  CTEQ6.6/CT10 used this scale 
for determination of PDFs 

◆  CT10.1 uses pT 

◆  (you can can see that the PDFs 
determined will depend on the 
scales used for the processes) 

l  Close to saddle point for low pT 

l  But saddle point moves down for 
higher pT (and the saddle region 
rotates) 

l  Don’t know explicitly why but related 
to the kinematic convolutions shown 
on the previous slide 

l  Maybe a homework assignment for 
those of you who are energetic 

R=0.4 
antikT 
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Scale dependence also depends on jet size; 
again see equation on previous page 

R=0.4 
antikT 

R=0.6 
antikT 

See the shift downwards for larger jet size 
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Predictions tend to be more reliable at higher ET 

For fixed ET 
slices, note 
the parabolic 
type shape for the  
curve at high ET 

Note that there is 
no parabolic shape  
at low ET; pQCD probably 
not reliable here 
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Back to  W production to NLO 

l  In 4-dimensions, the contribution 
of the real diagrams can be 
written (ignoring diagrams with 
incoming gluons for simplicity) 

◆  where 

l  Note that the real diagrams 
contain collinear singularities,     
u->0, t->0, and soft singularities, 
z->1 
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Q2

s
and ˆ s + ˆ t + ˆ u = Q2

…thanks to Keith Ellis for the  
next few slides 
 
and don’t sweat the details; I just 
want you to see in general terms 
how a NLO calculation is 
carried out 

^ ^ 
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Aside: dimensional regularization 
l  Suppose we have an integral of the form, typical of the integrals in a NLO 

calculation 

l  We get infinity if we integrate this in 4  dimensions, so go to 4-2ε 
dimensions 

l  Using 

€ 

I =
d4k
2π( )4∫

1
k 2 − m2( )2

€ 

d4k
2π( )4∫ → µ( )2ε d4−2ε k
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dkEkE
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2
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1
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kE
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∞
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2 m( )2ε
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0
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µ
m
* 
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, 
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Γ 2( )

€ 

Γ 1+ z( ) = zΓ z( );Γ' 1( ) = −γ E = −0.5772...
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Dimensional regularization, continued 
l  Find 

◆  singular bits, plus finite bits as ε->0, plus log singularity as m->0 
 
l  Define MS scheme: subtract (absorb) 1/ε pole, γE, and ln(4π) bits 

€ 

I =
Γ ε( )
4π( )2−ε

µ
m
& 
' 

( 
) 

2ε

→
1
4π( )2

+
1
ε
− γ E + ln 4π( ) + 2ln µ

m
& 
' 

( 
) 

+O(ε), 

- . 
/ 

0 1 ε->0 
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Now do the dimension trick for the real part  

l  Problem: if I work in 4 
dimensions, I get divergences 

l  Solution: working in 4-2ε 
dimensions, to control the 
divergences (dimensional 
reduction) 

 
l  with 
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σ real =
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€ 
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We get 1/ε terms from individual soft and collinear singularities 
We get 1/ε2 terms for overlapping IR singularities. 

€ 
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“+ distribution” 
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Ditto for the virtual part 

l  where 

€ 

σ virt = δ 1− z( ) 1+
αs

2π
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c'Γ = cΓ +O(ε 3)

We also get UV divergences when the loop momenta 
go off to infinity. The summation of these singularities 
leads to the running of the strong couplings, i.e. we 
define the sum of all such contributions (scales >µUV) 
as the physical renormalized coupling, αs.  

from soft and  
collinear bits 
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Now add real and virtual 
 
l  Notice that the ε2 terms cancel 
l  The divergences that are proportional to the branching probabilities are universal 
l  We can factorize them into the parton distributions, performing mass factorization by 

subtracting the counter-term (MSbar scheme) 

l  To get 

l  Plus a similar correction for incoming gluons 
l  That works for the total cross section, but we need differential distributions for comparisons to 

data, so we need a general subtraction procedure at NLO, using Monte Carlo techniques  
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In general 
 
l  That works for the total cross section, but we need differential distributions for 

comparisons to data, so we need a general subtraction procedure at NLO, using 
Monte Carlo techniques  

l  For incoming partons a and b, producing m outgoing partons 

l  It’s too difficult to do this integral, so  
l  …we have to construct a series of counter-terms 

l  Where σB denotes the appropriate color and spin projection of the Born level cross 
section, and the counter-terms are independent of the details of the process under 
consideration 

€ 

σ ab = σ ab
LO +σ ab

NLO

σ ab
LO = dσ ab

Born

m
∫

σ ab
NLO = dσ ab

real

m+1
∫ + dσ ab

virt

m
∫

the singular parts of the matrix elements for real 
emission, corresponding to soft and collinear 
emission, can be isolated in a process 
independent manner; of course it gets a lot more 
complicated for large m  

€ 

dσ ct = dσ B ⊗ dVct
1
∫

m
∫

ct
∑
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 Subtractions 

l  The counter-terms provide a local approximation for the real emission 
process, describing the amplitude in the soft and collinear limits 
◆  the 1/ε and 1/ε2 poles that we were able to explicitly cancel when we 

were calculating an inclusive cross section 
l  These counter-terms cancel all non-integrable singularities in dσreal, so that 

one can write 

l  The phase space integration in the first term can now be performed 
numerically in 4 dimensions 

l  The integral in the 2nd term can be done easily and analytically 
€ 

σ ab
NLO = dσ ab

real − dσ ab
ct[ ]

m+1
∫ + dσ ab

ct

m+1
∫ + dσ ab

virt

m
∫
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Consider matrix element counter-event for W production 

l  In soft limit (p5->0), we have  

l  The eikonal factor can be associated with radiation from a given leg by 
partial fractioning 

l  Including the collinear contributions, singular as p1
.p5->0, the matrix 

element for the counter-event has the structure 

l  where 

€ 

p1 • p2

p1 • p5 p2 • p5

=
p1 • p2

p1 • p5 +  p2 • p5

" 

# 
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= g2CF
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M0 p1, p2, p3, p4( ) 2

€ 

M1 p1, p2, p3, p4, p5( ) 2
=

g2

xa p1 • p5 
ˆ P qq (xa ) M0 p1, p2, p3, p4( ) 2

€ 

1− xa =
p1 • p5 +  p2 • p5

p1 • p2

€ 

ˆ P qq (xa ) = CF
1+ x 2

1− x

real corrections to W production 
at NLO 

eikonal factor; an approximation to 
the full matrix element valid when 
the gluon is soft (we saw this before) 
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Making an counter-event 
l  For event 

◆  with  
l  Generate a counter-event 

◆  with  
l  Perform a Lorentz transformation on all j final state momenta 

◆  such that  
◆  for p5 collinear or soft 

l  The longitudinal momentum of p5 is absorbed by re-scaling with x 
l  The other components of the momentum p5 are absorbed by the Lorentz 

transformation 
l  A lot of transformations done to get the momenta to work out right 

€ 

q(p1) + q (p2)→W +(ν(p3) + e+(p4 ))+ g(p5)

€ 

p1 + p2 = pii=1

5
∑

€ 

€ 

q(xa p1) + q (p2) →W +(ν( ˜ p 3) + e+( ˜ p 4 )

€ 

€ 

xa p1 + p2 = ˜ p ii=3

4
∑ ;1− xa = p1 • p5 + p2 • p5( ) / p1 • p2

€ 

˜ p j = Λν
µ p j

n, j = 3,4

€ 

˜ p j
µ → p j

µ



!
!

Catani-Seymour dipoles 
l  The case of constructing counter-

terms for W production is particularly 
simple since the color flow at Born 
level is trivial  

◆  only 1 possible spectator 

l  For more complex final states, have to 
find Catani-Seymour dipoles 

l  In the Catani-Seymour approach, the 
additional soft or collinear parton is 
emitted from an emitter-spectator pair 
(called a dipole) 

l  The emitter and spectator can each 
be in either the initial or final state, so 
4 possible combinations 

◆  II, IF,FI,FF 
l  Note: an alternative technique, called 

phase space slicing, involves using a 
simpler version of the matrix element 
in the soft and collinear limits 

◆  this simpler version of the matrix 
element can be easily evaluated, and 
as long as the soft and collinear limits 
are appropriately chosen, the result is 
accurate 

l  The dipole terms describe the 
limits 3->2 partons  

l  The spectator k ensures 4-
momentum conservation and on-
mass-shell conditions 

l  On mass-shell condition allows 
the factorization of phase space 
needed for this calculation 

l  Emitter and spectator always 
color-connected 

 

€ 

{i, j,k} →{ij, ˜ k }~ 

€ 

pi + p j + pk = pij + p ˜ k 
~ 
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Example: Final-final CS dipole 
l  The branching shown can be characterized by Lorentz invariant variables 

l  The factorized form of the fully differential (m+1) parton cross              
section that exactly reproduces the corresponding soft and                
collinear emissions of the real-emission process is 

l  The spin-averaged splitting kernels <Vij,k> for the branchings q->qg,g->gg,     
g->qqbar are 

€ 

yij,k =
pi p j

pi p j + pi pk + p j pk

˜ z i =1− ˜ z j =
pi pk

pi pk + p j pk
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∑
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Vqi g j ,k ˜ z i, yij,k( ) = TR 1− 2˜ z i(1− ˜ z i)[ ]

Note that these  
terms look a 
lot like parton 
shower branchings 

1,2 depending on 
# possible spectators 
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UV singularities 
l  What to do about UV 

singularities?  
l  Consider loop correction to dijet 

production? 
l  Have to integrate over loop 

momentum 
l  Problems result for large loop 

momenta; this is called an 
ultraviolet singularity 

l  Use dimensional regularization; 
4->4-2ε	


◆  here, though, we would like ε to 

be +; for IR divergences would 
like it to be - 

l  QCD is a renormalizable theory 
which means that this singularity 
can be absorbed into the running 
of αs(Q2) 

l  µ is the renormalization scale; in 
1st lecture we switched to using Λ	



2 propagators 
mom2 for each 

…from John Campbell’s Fermi SS lectures 
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Another example: tt production 

mom2 for 3 legs 

so it’s the tensor term in the  
numerator that causes the  
divergence 

mom6 

mom6 
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NLO calculations 
l  Programs that do NLO calculations, such as MCFM, are parton-level 

Monte Carlo generators in which (weighted) events and counter-events 
are generated 
◆  for complicated processes, such as W + 2 jets, there can be many 

counter-events (24), corresponding to the Catani-Seymour subtraction 
terms, for each event (other codes have calculated W+n jets at NLO, 
with n up to 5, so even more; see discussion of Blackhat+Sherpa) 

◆  only the sum of all events (events + counter-events) is meaningful, 
since many positive and negative weights need to cancel against each 
other; if too few events are generated, or if the binning is too small, 
can have negative results 

◆  a great deal of progress has been made in recent years towards the 
inclusion of NLO calculations into parton shower Monte Carlos like 

▲  MC@NLO 
▲  Powheg 
▲  Sherpa 



!
!Thomas was a long-time friend for all  

at LAPP, and for me.  
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MCFM 
l  Many processes available at LO and NLO 

◆  note these are partonic level only 
l  Option for ROOT output (see later) 
l  mcfm.fnal.gov 

(2 jets now) 
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State of the art 

l  LO: well under control, even for multiparticle final states 
l  NLO: well understood for 2->1, 2->2, 2->3, 2->4 (W/Z+3 jets, 

ttbb,WWbb,tttt,…); 2->5 (W+4 jets) and even 2->5=6 (W+5 jets) 
◆  for W+4 jets, the complaint is that the tree level, not the virtual, 

calculations are causing most of the difficulties (working with all of the 
Catani-Seymour terms) 

l  NNLO: known for inclusive and exclusive 2->1 (i.e. Higgs, Drell-Yan); work 
on 2->2 (dijet, Z/Higgs + 1 jet) 

Relative 
order 

2->1 2->2 2->3 2->4 2->5 2->6 

1 LO 
αs NLO LO 
αs

2 NNLO NLO LO 
αs

3 NNLO NLO LO 
αs

4 NLO LO 
αs

5 NLO LO 
αs

6 NLO 
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Realistic wishlist 
l  Was developed at Les Houches in 

2005, and expanded in 2007 and 
2009 

l  Calculations that are important for the 
LHC AND do-able in finite time 

l  In 2009, we added tttt, Wbbj, W/Z+4j 
plus an extra column for each process 
indicating the level of precision 
required by the experiments 
◆  to see for example if EW 

corrections may need to be 
calculated 

l  In order to be most useful, decays for 
final state particles (t,W,H) need to be 
provided in the codes as well 
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Realistic wishlist 

l  Until recently, W+4 jets was 
calculated only to leading color 

l  subleading color terms (suppressed 
by 1/Nc) are only a few percent, but 
are hardest to calculate  

…in future calcs may be best to  
approximate virtual subleading color terms 

…we saw earlier for Wgg color-suppressed 
terms for the real part 
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Realistic wishlist 

l  With the recent calculation of tttt, all 
processes on the wishlist have been 
calculated 

l  The wishlist has been retired since 
new techniques allow for the semi-
automatic generation of new 
(reasonable) NLO cross sections 
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Realistic wishlist 

l 4 top final state 
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Realistic wishlist 
l  There’s a limit as to how far Feynman 

diagram techniques can take you 

l  Basically everything from 5-12 has 
been done with on-shell methods 

l  See Lance’s talk at Trento for 
example 

indico.cern.ch/conferenceDisplay.py?confId=93790 
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Realistic wishlist 
l  There’s a limit as to how far Feynman 

diagram techniques can take you 

l  Basically everything from 5-12 has 
been done with on-shell methods 

l  See Lance’s talk at Trento for 
example 

indico.cern.ch/conferenceDisplay.py?confId=93790 
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If all else fails… 
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Loops and legs 

2->4 is very impressive 
 
 
 
 
 
but just compare to the  complexity of the sentences that Sarah Palin uses  
.  

loops 

legs …ok, I know this reference is dated, but I don’t have any comparable Mitt Romney 
jokes…just wait, you’ll find you’ll miss Sarkozy when you try to tell political jokes 
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What’s next for the Les Houches NLO wishlist? 

l  Nothing: as I said, it’s being retired 
l  It’s being replaced by a NNLO wishlist plus a wishlist for EW 

corrections for hard processes 

qqbar->ttbar at NNLO now finished (arXiv:1205.5201) 
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NNLO wishlist: continued 



!
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Editorial Comment 
l  Once we have the 

calculations, how do we 
(experimentalists) use them?  

l  If a theoretical calculation is 
done, but it can not be used 
by any experimentalists, does 
it make a sound?  

l  We need public programs 
and/or public ntuples 

l  Oftentimes, the program is too 
complex to be run by non-
authors 

l  In that case, ROOT ntuples 
may be the best solution 



!
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MCFM has ROOT output built in; 
standard Les Houches format has been developed 

store 4-vectors for final state particles 
+ event weights; use analysis script 
to construct any observables and their 
pdf uncertainties 



!
!
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How it’s put together 

Born loop: lc and fmlc real 

vsub 
for W+3 jets, 
W+3 parton tree-level 
matrix elements 

all of the virtual terms, both leading color and full-minus- 
leading color; the latter is typically a few % effect, but much  
of the complexity of the calculation 

all of the real emission terms, 
(W+4 partons for W + 3 jets),  
modified by the dipole  
subtraction terms; divergences  
are gone 

the dipole subtraction terms 
evaluated in n-body phase space;  
to make matters more complex, 
vsub can be either + or -, 
compensated by other 
terms in the total cross 
section; note the sum  
over all quarks and 
antiquarks; makes matters 
more complex when coming to scale uncertainties 
 



!
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How it’s put together 

Born loop: lc and fmlc real 

vsub 

all of the real emission terms, 
(W+4 partons for W + 3 jets),  
modified by the dipole  
subtraction terms; divergences  
are gone 
 
many counterevents due to C-S 
dipoles that are correlated; have  
to use special weights/procedures 
to get correct statistical error 

the dipole subtraction terms 
evaluated in n-body phase space;  
to make matters more complex, 
vsub can be either + or -, 
compensated by other 
terms in the total cross 
section; note the sum  
over all quarks and 
antiquarks 
 

possible Catani-Seymour dipoles,  
for FF, FI,IF and II situations 

note the need for a 3rd parton, the ‘spectator’; in the soft limit, it’s the color partner 
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ROOT ntuples 
l  More complex to use than MCFM 

◆  no manual for example 
◆  and you don’t produce the events 

yourself 
l  ntuples produced separately by 

Blackhat + Sherpa for 
◆  so TB’s of disk space 

l  No jet clustering has been performed; 
that’s up to the user 
◆  a difference from MCFM, where 

the program has to be re-run for 
each jet size/algorithm 

l  What algorithms/jet sizes that can be 
run depends on how the files were 
generated 
◆  i.e. whether the right counter-

events are present 
l  For the files on the right at 7 TeV (for 

W+ + 3 jets), one can use kT, antikT, 
siscone (f=0.75) for jet sizes of 0.4, 
0.5, 0.6 and 0.7 

l  bornLO (stands alone for pure LO 
comparisons; not to be added with 
other contributions below) 
l  20 files, 5M events/file, 780 MB/

file 
l  Born 

l  18 files, 5M events/file, 750 MB/
file 

l  loop-lc (leading color loop corrections) 
l  398 files, 100K events/file, 19 

MB/file 
l  loop-fmlc (needed for full color loop 

corrections) 
l  399 files, 15K events/file, 3 MB/

file 
l  real (real emission terms) 

l  169 files, 2.5 M event/file, 5 GB/
file 

l  vsub (subtraction terms) 
l  18 files, 10M events/file, 2.8 GB/

file 
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Jet Clustering 
l  For jet clustering, we use 

SpartyJet, and store the jet 
results in SJ ntuples 
◆  and they tend to be big 

since we store the results 
for multiple jet algorithms/
sizes 

l  Then we friend the Blackhat
+Sherpa ntuples with the 
SpartyJet ntuples producing 
analysis ntuples (histograms 
with cuts) for each of the 
event categories 

l  Add all event category 
histograms together to get the 
plots of relevant physical 
observables 

http://projects.hepforge.org/spartyjet/ 
 

SpartyJet is a set of software tools for jet finding 
and analysis, built around the FastJet library of 
jet algorithms. SpartyJet provides four key 
extensions to FastJet: a simple Python interface 
to most FastJet features, a powerful framework 
for building up modular analyses, extensive input 
file handling capabilities, and a graphical 
browser for viewing analysis output and creating 
new on-the-fly analyses. 

arXiv:1201.3617 (manual) 
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Branches in ntuple 



!
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Reweighting 

can reweight each event to 
new 

 -PDF 
 -factorization scale 
 -renormalization scale 
 -αs (tied to the relevant  
  PDFs) 

 
based on weights stored in  
ntuple (and linking with  
LHAPDF) 
 
so, for example, the events  
were generated with CTEQ6, 
and were re-weighted to  
CTEQ6.6 



!
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Reweighting, cont. 

complex: 
carry both  
single and double 
logs 

we run into the 
sum over quarks 
and antiquarks 
again 

9 
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PDF Errors 

Better than what is done in MCFM (as far as disk space is concerned); PDF errors are 
generated on-the-fly through calls to LHAPDF. But then don’t store information for  
individual eigenvectors.  



!
!

Logistics 
l  So total file disk space is quite large, multi-TB (and 

there are many events to be processed) 
◆  I bought a 20TB disk specifically for this purpose 

l  But they’re divided into few GB files (Blackhat+SJ) 
l  So we can make our analysis parallel using  200-250 

nodes at MSU 
◆  we’ve agreed not to take up more than 50% of the 

nodes at any one time 
l  With all of the jet algorithms, scale choices, histograms 

that I’ve been using ~3 weeks running time 
l  A slimmer set can finish within a week 
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Look at jet size, algorithm dependences;  scale uncertainty 

central scale = HT/2;  
vary by factor of 2 up and down 

more later, when we compare 
to LHC data 
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K-factors 
l  Often we work at LO by necessity (LO parton shower 

Monte Carlos), but would like to know the impact of 
NLO corrections 

l  K-factors (NLO/LO) can be a useful short-hand for this 
information 

l  But caveat emptor; the value of the K-factor depends on 
a number of things 
◆  PDFs used at LO and NLO 
◆  scale(s) at which the cross sections are evaluated 

l  And often the NLO corrections result in a shape 
change, so that one K-factor is not sufficient to modify 
the LO cross sections 


