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For	  a	  recent	  review	  see,	  e.g.,	  talk	  by	  S.DiGmaier	  at	  Les	  
Houches	  2013	  at	  
	  hGps://phystev.in2p3.fr/wiki/_media/:groups:lh13_ew.pdf	  

This	  talk:	  a	  selecQon	  of	  recent	  results	  with	  emphasize	  
on	  open	  issues:	  
•  CombinaQon	  of	  QCD	  and	  EW	  correcQons	  
•  Beyond	  1-‐loop	  
•  Photon	  PDFs	  
•  Assessment	  of	  theory	  uncertainQes	  
MoQvaQon:	  see	  Snowmass	  report	  of	  the	  QCD	  working	  
group,	  including	  an	  updated	  wishlist.	  	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Anderson	  et	  al,	  1310.5189	  

Electroweak	  correcQons	  for	  LHC	  physics	  



Excerpt	  of	  Snowmass	  wishlist	  

Anderson	  et	  al,	  1310.5189	  



CharacterisQcs	  of	  EW	  correcQons	  



Weak	  Sudakov	  logs:	  	  ↵l
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Higgs	  producQon	  via	  gluon	  fusion	  
‘Best’	  predicQon	  of	  the	  total	  cross	  secQon	  for	  Higgs	  
producQon	  in	  gluon	  fusion	  (in	  pb):	  	  
NNLO+NNLL+EW	  
	  
	  
	  
NLO	  EW	  correcQons	  shib	  the	  NNLO	  QCD	  result	  by	  
about	  +5%	  (complete	  factorizaQon)	  and	  by	  +1%	  
(parQal	  factorizaQon).	  	  	  	  	  	  	  	  	  	  	  	  	  	  AcQs	  et	  al,	  0809.1301	  
Explicit	  calculaQon	  of	  mixed	  EW-‐QCD	  correcQons	  is	  
close	  to	  result	  obtained	  with	  complete	  
factorizaQon.	  	  	  	  	  	  Anastasiou	  et	  al,	  0811.3458	  

Grazzini,	  de	  Florian,	  1206.4133	  N3LO	  QCD	  work	  in	  progress!	  



RelaQve	  weak	  correcQons	  to	  leading	  jet	  kT	  distribuQon	  
to	  pp-‐>jj+X	  at	  the	  8	  TeV	  LHC	  

Weak radiative corrections to dijet production at the LHC Alexander Huss
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Figure 3: Differential distributions with respect to (a) the dijet invariant mass M12 and (b) the transverse

momentum of the leading jet kT,1 at the LHC for a CM energy of 8 TeV. Left: absolute predictions; right:

relative contributions " (taken from Ref. [4]).

boson mass (ŝ, |t̂|, |û| $ M2
W), but instead are dominated by the Regge (forward) region where ŝ

is large but |t̂| or |û| remain small. In case of the transverse-momentum distribution, on the other

hand, the high-kT,1 domain probes the Sudakov-regime, and we observe larger NLO weak correc-

tions, reaching around !6% for leading-jet transverse momenta of kT,1 = 1.5 TeV. The tree-level

EW contributions are similar in size, but opposite in sign, leading to significant cancellations in the

sum. The rise of " treeEW with higher scales can be understood by inspecting the parton luminosities:

At lower values of M12 and kT,1 the cross section is dominated by the gluon-induced processes

which do not contribute to the LO EW cross section. The only non-vanishing contribution to "treeEW

comes from the four-quark processes which gain in importance for higher scales, in contrast to the

gluon-induced processes which become more and more suppressed due to the rapidly decreasing

gluon luminosity. In order to explain the larger corrections observed in the kT,1 distribution com-

pared to the M12 distribution one needs to inspect the dominant contribution to "
tree
EW coming from

the O (#s#) interference terms of the valence quark–quark scattering: q1q2" q1q2, qi % {u,d}. In

4

S.DiGmaier,	  A.Huss,	  C.Speckner,	  arXiv:1306.6298	  
	  



Impact	  of	  weak	  1-‐loop	  correcQons	  in	  	  top-‐pair	  
producQon	  at	  the	  8	  TeV	  LHC	  
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Figure 10: Relative weak corrections for the total cross section functions of the total cms en-
ergy for three different masses of the Higgs boson.
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Figure 11: Relative corrections as function of the top-quark mass.
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H.Kühn,	  A.	  Scharf	  and	  P.	  Uwer,	  arXiv:1305.5773	  



Impact	  of	  weak	  1-‐loop	  correcQons	  in	  	  top-‐pair	  producQon	  	  
at	  the	  8	  TeV	  LHC	  
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Figure 12: Relative weak corrections for the invariant tt̄ mass (left) and transverse momen-
tum (right) distribution for LHC8 (upper) and LHC14 (lower plots) and for Higgs
masses of 126 GeV and 1 TeV.

larger corrections of order of �1.9%. The situation is drastically different, once we consider
differential distributions in the region of large transverse momenta pT or large masses Mtt̄ of
the tt̄ system. The corrections are shown in Fig. 12 for proton-proton collisions with center of
mass energies of 8 TeV and 14 TeV both for the pT- and the Mtt̄-distributions. For illustration
we again present the relative corrections for Higgs masses of 126 GeV and 1 TeV. The strong
increase with increasing pT is evident. Based on the present data sample, corresponding to to
more than 20 fb�1, corrections close to -10% could be observed at 8 TeV.

To investigate the angular dependence of the tt̄ system in its center of mass frame one could
consider the distribution in the rapidity difference �ytt̄ = yt � yt̄ which, for fixed Mtt̄ can be
directly translated into the angular distribution. To illustrate the distributions and the size of the
corrections, the differential distributions d⇤/d�ytt̄ are shown in Fig.13 for 8 (left) and 14 TeV
(right), considering only events with Mtt̄ larger than 1 TeV in the former and 2 TeV in the latter
case. The corresponding corrections are also displayed in Fig.13. The pronounced peaking of
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Figure 13: Rapidity distributions with invariant mass cuts at leading order (upper plots) and
relative weak corrections to these distributions (lower plots) for LHC8 (left) and
LHC14 (right).

the cross section for large rapidity differences in Fig.13 (top) is an obvious consequence of the
t-channel singularity, the enhanced negative corrections around �ytt̄ = 0 in Fig.13 (bottom)
are a consequence of the Sudakov condition ŝ and |t̂|⇥ M2

W . Since the distribution in �ytt̄ is
at the same time sensitive to anomalous couplings, these could well be masked by the large
radiative corrections.

Let us at this point speculate about the combination of weak and QCD corrections. Clearly,
the evaluation of corrections of O(⇥s⇥) is out of reach in the foreseeable future. Thus, strictly
speaking, both a multiplicative (of the form (1+⇤QCD)(1+⇤W )) and an additive (of the form
(1+⇤QCD +⇤W )) treatment is equally justified. The difference between the two assumptions
can be considered as an estimate of the theory uncertainty. It may be usefull to devise a strat-
egy, how to implement eventually the major part of the combined corrections. As mentioned in
the beginning, QED and purely weak corrections can be treated seperately in the present case.
Furthermore, QED corrections are small and the resulting uncertainty of combined QCD and
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Figure 14: Relative weak corrections for the mass distribution in the framework of the SM
assuming MH = 126 GeV (solid blue curve) and 1000 GeV (dashed red curve),
and for the case of an enhanced Yukawa coupling gY = 2gSM

Y with MH = 126 GeV
(dotted black curve). The two plots represent LHC8 and LHC14.

detail in [47] for the cases of top production in electron-positron and quark-antiquark annihi-
lation. Since rY , the characteristic lenght of the Yukawa potential, is still significantly smaller
than rB, the Bohr radius of the would-be toponium ground state,

rY/rB = (
4
3

�s
Mt

2
)/MH ⇤ 1/6, (2)

the simple multiplicative treatment advocated above is sufficient for the presently required
level of precision.

As discussed above, the impact on the total cross section from the variation of MH is relatively
small, less than one percent, both for the Tevatron and the LHC. Differential distributions,
however, are significantly more sensitive to the Yukawa coupling. This is demonstrated in
Figs. 14, 15, where the correction factors for the distribution with respect to Mtt̄ are evaluated
for the Tevatron, LHC8 and LHC14 in the region close to threshold.

As expected from the previous discussion, differences around 5% between the cases MH =
126 GeV and 1 TeV are visible. It remains to be seen, whether the experimental mass res-
olution and normalization of the cross section will be sufficiently precise to pin down the
5%-effect and thus determine directly the Yukawa coupling gY . At the same time this ap-
proach requires a detailed theoretical understanding of the QCD predictions for the threshold
behaviour, governed by the remnants of the bound states, as discussed in [42]. However, in any
case this approach should allow to provide an upper limit on modifications of gY that might
be postulated in theories beyond the Standard Model. Let us assume, for example, the case of
an enhanced Yukawa coupling gY = 2gSM

Y . This magnifies the Yukawa correction by a factor
four and implies an enhancement of the cross section close to threshold by about 20%. (See
dashed curves in Figs. 14, 15. Such an energy dependent offset relative to the SM prediction

15

H.Kühn,	  A.	  Scharf	  and	  P.	  Uwer,	  arXiv:1305.5773	  



ppèW+W−	  at	  NLO	  EW	  at	  the	  LHC	  
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Figure 11: Distributions of the rapidities of the W-bosons at the LHC14 (top) and LHC8 (bot-
tom) for MWW > 500 GeV. On the left-hand side, LO contributions due to processes (2.1)(qq̄),
(2.2)(##), and (2.3)(gg) are shown. On the right-hand side, corresponding relative corrections
are presented, normalized to the dominating LO channel (2.1). See text for details.
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Bierweiler	  et	  al,	  1208.3147;	  WZ,ZZ:	  1305.5402	  

W	  rapidity	  distribuQons	  at	  LO	  	  and	  relaQve	  NLO	  EW	  correcQons	  for	  different	  
iniQal	  states:	  



at	  NLO	  EW	  in	  DPA	  

Biloni	  et	  al,	  1310.1564	  

pp ! WW ! ⌫µµ
+e�⌫̄e



NLO	  EW	  correcQon	  to	  WW,ZZ,WZ	  in	  HERWIG	  

Gieseke	  et	  al,	  1310.2843	  



WW	  producQon	  at	  EW	  NLL	  and	  NNLL	  in	  the	  	  
high	  energy	  limit	  

See	  also	  results	  obtained	  in	  the	  EFT	  approach	  by	  Chiu	  et	  al.	  (2008)	  

J.H.Kuhn	  et	  al,	  1101.2563	  

Large	  cancellaQons	  between	  NLL	  and	  NNLL	  in	  transverse	  case	  
(LL	  dominated)	  and	  between	  	  LL,NLL,	  and	  NNLL	  in	  the	  	  WLWL	  
producQon	  process.	  



QED	  in	  NNPDF	  
Combined	  QED-‐QCD	  evoluQon	  equaQon:	  
	  

Ball	  et	  al,	  1308.0598	  

Photon	  PDF:	  

ImplicaQons	  for:	  



NNPDF	  Photon	  PDF	  from	  DIS	  data	  

Ball	  et	  al,	  1308.0598	  

LHC	  data	  constrain	  shape	  and	  normalizaQon.	  



Ball	  et	  al,	  1308.0598	  



Electroweak	  1-‐loop	  correcQons	  to	  Z/W+n	  jets	  	  

•  Exact	  1-‐loop	  EW	  correcQons	  are	  known	  for	  W/Z+1	  
jet	  Kuhn	  et	  al,	  hep-‐ph/057178,	  0708.0476;	  Denner	  et	  al,	  1211.507,0906.1656	  

•  and	  for	  Z+2	  jet	  (only	  gluonic	  contribuQons,	  4-‐quark	  
contribuQons	  in	  progress)	  	  AcQs	  et	  al,	  arXiv:1211.6316	  

•  At	  energy	  scales	  above	  the	  electroweak	  scale	  EW	  
correcQons	  are	  dominated	  by	  weak	  Sudakov	  
logarithms	  

	  for	  a	  review	  see,	  e.g.,	  H.Kuhn,	  Acta	  Physica	  Polonia	  B39(2008);	  talk	  by	  S.DiGmaier	  at	  
Les	  Houches	  2013	  

•  Weak	  1-‐loop	  Sudakov	  correcQons	  to	  Z+1,2,3	  jets	  
producQon	  are	  now	  implemented	  in	  Alpgen	  1.4.1.2,	  
Chiesa	  et	  al.	  arXiv:1305.6837	  

	  



Z+2j	  @	  NLO	  EW	  at	  the	  8	  TeV	  LHC	  
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Figure 5: Distributions of the di-jet invariant mass, the relative azimuthal angle between the two
jets, the transverse momentum and the rapidity of the Z boson at the 8TeV LHC at LO (blue,
dashed) and NLO (red, solid). The lower panels show the ratio of the NLO distribution over the
LO distribution.

from !15% for pT,Z " 500GeV to !25% for pT,Z " 1TeV. On the upper right-hand side in
Fig. 5 we present the di!erential distribution of the relative azimuthal angle "jj between the two
jets. The "jj-distribution shows that the two jets are preferably back-to-back in the transverse
plane and that the EW corrections lower the di!erential cross section by 1!1.5%. They induce
a shape change at the permille level relative to the LO approximation. The rapidity distribution
of the Z boson is depicted in the lower right-hand side of Fig. 5. In the central region |yZ| < 2,
where most of the Z bosons are produced, the EW corrections lower the LO cross section by
1!1.5% while for |yZ| > 2 their e!ect drops to the permille level.

4 Conclusions

The full exploitation of the Large Hadron Collider relies on precise theoretical predictions. To
this end QCD and electroweak next-to-leading order corrections have to be calculated for many
processes involving many particles in the final state. This requires e"cient and reliable automatic
tools.

In this paper we have presented Recola, a Fortran90 code for the REcursive Computation
of One-Loop Amplitudes. It uses methods based on Dyson–Schwinger equations to calculate the
coe"cients of all tensor integrals appearing in a one-loop amplitude recursively. The tensor
integrals can then be evaluated with e"cient numerically stable techniques. The algorithm has

21

AcQs	  et	  al,	  arXiv:1211.6316	  
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LO!MNLO) between Recola and Pole for ug ! ugZ.

The plot shows the probability for an agreement worse than ! for 106 phase-space points gener-
ated by the Monte Carlo.

(3.4). The electromagnetic coupling constant "Gµ is determined fromGµ via (3.5). The CKMma-
trix only appears in loop amplitudes and is set to unity.

For the prediction of the hadronic pp ! Z + 2 jets cross section the partonic cross sections
have to be convoluted with the corresponding parton distribution functions (PDFs). Since our
calculation does not take into account NLO QCD e"ects, we consistently resort to LO PDFs,
using the LHAPDF implementation of the central MSTW2008LO PDF set [102]. From there we
infer the value

"LO
s (MZ) = 0.1394 (3.8)

for the strong coupling constant. We identify the QCD factorisation scale µF and the renormal-
isation scale µR choosing

µF = µR = MZ . (3.9)

Note that the choice of the scales µF,R as well as the actual value for the strong coupling "s plays
a minor role for our numerical analysis of EW radiative corrections in Section 3.2.2. We focus on
the relative importance of the NLO EW corrections considering the ratio #NLO

EW /#LO from which
the "s- and the scale dependence drop out.

For the jet-reconstruction we use the anti-kT clustering algorithm [103] with separation
parameter R = 0.4. For our scenario with exactly two partons and one potential photon
in the final state this simply amounts to recombining the photon with a parton a if Ra! =
!

(ya " y!)2 + $2
a! < R. Here y = 1

2 ln[(E + pL)/(E " pL)] is the particle’s rapidity with E

denoting its energy and pL its three-momentum component along the beam axis, and $a! is
the azimuthal angle between the the photon and the parton a in the plane transverse to the
beam axis. In case of recombination, the resulting photon–parton jet is subjected to the cut
z! = E!/(E! +Ea) < 0.7 in order to distinguish between Z+ 2 jets and Z+ 1 jet + % production
as explained in Section 3.1.3. After a possible recombination, we require two hard jets with

pT,jet > 25GeV, |yjet| < 4.5 (3.10)
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Fortran90	  code	  for	  
the	  recursive	  
calculaQon	  of	  one-‐
loop	  amplitudes	  



Z+3j:	  Weak	  1-‐loop	  Sudakov	  correcQons	  in	  Alpgen	  
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QCD corrections to the same processes have been com-
puted using the soft and collinear e⇥ective theory in [11].
The exact NLO EW calculation for V = W,Z + 1 jet,
with on-shell W,Z bosons can be found in Refs. [12, 13],
and the same with W/Z decays has been published in
Refs. [14, 15]. Recently the exact NLO EW calculation
for Z(⌅⌅̄)+ 2 jets, for the partonic subprocesses with one
fermion current only (i.e. including only gluon-gluon (gg)
contributions to 2 jets), has been completed and can be
found in Ref. [16]. No EW corrections for Z + 2/3 jets
production including all partonic subprocesses are avail-
able at the moment.

For energy scales well above the EW scale, EW radia-
tive corrections are dominated by double and single log-
arithmic contributions (DL and SL, respectively) whose
argument involves the ratio of the energy scale to the
mass of the weak bosons. These logs are generated by
diagrams in which virtual and real gauge bosons are radi-
ated by external leg particles, and correspond to the soft
and collinear singularities appearing in QED and QCD,
i.e. when massless gauge bosons are involved. At vari-
ance with this latter case, the weak bosons masses put
a physical cuto⇥ on these “singularities”, so that virtual
and real weak bosons corrections can be considered sepa-
rately. Moreover, as the radiation of real weak bosons is
in principle detectable, for those event selections where
one does not include real weak bosons radiation the phys-
ical e⇥ect of (negative) virtual corrections is singled out,
and can amount to tens of per cent. Since these correc-
tions originate from the infra-red structure of the EW
theory, they are “process independent” in the sense that
they depend only on the external on-shell legs.

As shown by Denner and Pozzorini in Refs. [17, 18],
DL corrections can be accounted for by factorizing a
proper correction which depends on flavour and kine-
matics of all possible pairs of electroweak charged ex-
ternal legs. SL corrections can be accounted for by fac-
torizing an appropriate radiator function associated with
each individual external leg. The above algorithm has
been implemented in ALPGEN v2.1.4 [19], where all the
contributing tree-level amplitudes are automatically pro-
vided. Since the matrix elements in ALPGEN are calcu-
lated within the unitary gauge, for the time being we do
not implement the corrections for the amplitudes involv-
ing longitudinal Z, which, according to Refs. [17, 18], are
calculated by means of the Goldstone Boson Equivalence
Theorem. This approximation a⇥ects part of the O(�3)
and O(�3�s), for Z + 2 jets and Z + 3 jets, respectively,
and we checked that in view of our target precision of
few percent it can be accepted [20].

Despite in this paper we limit ourselves to a purely
parton-level analysis and a specific signature, the imple-
mentation is completely general. As such it can be gener-
alized to other processes and fully matched and showered
events can be provided.

Our numerical results have been obtained by using the

ZW (� �l�̄ljj) ZW (� �l�̄ljj) + j ZW (� �l�̄ljj) + jj
ZW (� �lljj) ZW (� �lljj) + j ZW (� �lljj) + j
ZZ(� �l�̄ljj) ZZ(� �l�̄ljj) + j ZZ(� �l�̄ljj) + jj
WW (� �lljj) WW (� �lljj) + j WW (� �lljj) + jj
ZW (� �l�l�ll) + jj ZW (� �llll) + jj ZZ(� �l�lll) + jj
ZZ(� �l�l�l�l) + jj WW (� �l�lll) + jj

TABLE I. Vector boson radiation processes contributing to
the considered signatures. In parenthesis we specify vector
boson decay channels, while outside the parenthesis j stands
for a matrix element QCD parton. The above processes are
for the Z+2 jet final state, whereas for three jet final states the
processes are the same ones plus an additional QCD parton.

code ALPGEN with default input parameters/PDF set and
applying two sets of cuts that mimic the real experimen-
tal event selections of ATLAS and CMS, respectively.
For Z + 2 jets we consider the observable/cuts adopted
by ATLAS, namely

me� > 1 TeV /ET /me� > 0.3

pj1T > 130 GeV pj2T > 40 GeV |⇥j | < 2.8

�⌃(⇠pjT , /⇠pT ) > 0.4 �R(j1,j2) > 0.4 (1)

where j1 and j2 are the leading and next-to-leading pT
jets. We considered also radiative processes: vector bo-
son pairs plus jets, as enumerated in Tab. I. In this re-
spect further details about the adopted event selection
are necessary. They mimic in a simplified way the AT-
LAS procedure. Missing transverse energy is defined as
⇠/HT = �

�
i ⇠pti, where i is either a tagged jet or a jet with

pTj < 40 GeV or 2.8 < |⇥j | < 4.5 (in our simulation this
is necessarily a jet coming from vector boson decay), or
an untagged charged lepton. By tagged jet we mean a
jet with |⇥j | < 2.8 and pTj > 40 GeV. Jets from vector
boson decays are recombined with other jets if they fall
within a separation cone with radius R = 0.4. The event
is discarded if it contains a tagged charged lepton, i.e. a
lepton (e, µ or ⇧) with pT > 20 GeV and |⇥| < 2.4. For
the tagged jets, an additional requirement is imposed: if
�Rjl > 0.2, the jet is considered untagged. After this
step, the leptons with a separation from any tagged jet
�Rjl < 0.4 are considered untagged. Finally the event
is accepted if it contains exactly two tagged jets and no
surviving tagged lepton and it satisfies the cuts of Eq. (1).

For the Z + 3 jets final state we consider the observ-
ables/cuts used by CMS [21], namely

HT > 500 GeV |/⇠HT | > 200 GeV

pjT > 50 GeV |⇥j | < 2.5 �R(ji,jk) > 0.5

�⌃(⇠pj1,j2T , /⇠HT ) > 0.5 �⌃(⇠pj3T , /⇠HT ) > 0.3

Concerning additional real vector boson radiation, in this
case the missing transverse energy receives contribution
from tagged jets only, namely jets with pjT > 50 GeV and
|⇥j | < 2.5. Jets from vector boson decays are recombined
with other jets if they fall within a separation cone with
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been implemented in ALPGEN v2.1.4 [19], where all the
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lated within the unitary gauge, for the time being we do
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and we checked that in view of our target precision of
few percent it can be accepted [20].

Despite in this paper we limit ourselves to a purely
parton-level analysis and a specific signature, the imple-
mentation is completely general. As such it can be gener-
alized to other processes and fully matched and showered
events can be provided.

Our numerical results have been obtained by using the

ZW (! ⌫l⌫̄ljj) ZW (! ⌫l⌫̄ljj) + j ZW (! ⌫l⌫̄ljj) + jj
ZW (! ⌫lljj) ZW (! ⌫lljj) + j ZW (! ⌫lljj) + j
ZZ(! ⌫l⌫̄ljj) ZZ(! ⌫l⌫̄ljj) + j ZZ(! ⌫l⌫̄ljj) + jj
WW (! ⌫lljj) WW (! ⌫lljj) + j WW (! ⌫lljj) + jj
ZW (! ⌫l⌫l⌫ll) + jj ZW (! ⌫llll) + jj ZZ(! ⌫l⌫lll) + jj
ZZ(! ⌫l⌫l⌫l⌫l) + jj WW (! ⌫l⌫lll) + jj

TABLE I. Vector boson radiation processes contributing to
the considered signatures. In parenthesis we specify vector
boson decay channels, while outside the parenthesis j stands
for a matrix element QCD parton. The above processes are
for the Z+2 jet final state, whereas for three jet final states the
processes are the same ones plus an additional QCD parton.

code ALPGEN with default input parameters/PDF set and
applying two sets of cuts that mimic the real experimen-
tal event selections of ATLAS and CMS, respectively.
For Z + 2 jets we consider the observable/cuts adopted
by ATLAS, namely
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spect further details about the adopted event selection
are necessary. They mimic in a simplified way the AT-
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is discarded if it contains a tagged charged lepton, i.e. a
lepton (e, µ or ⌧) with pT > 20 GeV and |⌘| < 2.4. For
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NLO	  EW×QCD	  to	  W	  and	  Z	  producQon	  in	  POWHEG	  

•  ImplementaQon	  in	  POWHEG-‐W	  by	  Bernaciak	  et	  al	  
1201.4804	  and	  Barze	  et	  al.	  1202.0465	  	  

•  ImplementaQon	  in	  POWHEG-‐Z	  by	  Barze	  et	  al,	  
1302.4606	  

•  ImplementaQon	  by	  Barze	  et	  al:	  NLO	  QCD	  and	  EW	  both	  
interfaced	  to	  QCD	  and	  QED	  shower	  MCs.	  

POWHEG-BOX

POsitiveWeight HardestEvent Generator4,5,6

contains NLO QCD corrections matched to Parton Shower (PYTHIA and HERWIG)
for several processes (POWHEG-BOX)
POWHEG method:

1. generate events with the hardest radiation at NLO
2. feed events into PYTHIA/HERWIG, all showering is softer than the first, hardest event

POWHEG master formula:

d� =
X

flavors

B̄(⇥n)d⇥n
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:�(⇥n, p
min
T ) +

X

�r

h
d⇥rad�(⇥n, kT > pmin

T )R(⇥n+1)
i

B(⇥n)

9
=

;

B̄ � exact NLO di⇤erential cross-section � FKS subtraction
�(⇥n, kT ) � Sudakov form-factor � ensures hardest event
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ImplementaQon	  by	  Bernaciak	  et	  al:	  



Impact	  of	  NLO	  EW	  in	  presence	  of	  QCD	  correcQons	  on	  
PT(lepton)	  in	  pp-‐>γ,Z-‐>l+l−	  

Barze	  et	  al,	  1302.4606	  
	  

CalculaQon	  of	  mixed	  2-‐loop	  	  QCD-‐EW	  correcQons	  is	  work	  
in	  progress.	  See	  talk	  by	  S.DiGmaier	  at	  Radcor	  2013.	  



Gexng	  ready	  for	  the	  14	  TeV	  Run	  

•  The	  community	  has	  idenQfied	  what	  is	  needed.	  	  
•  The	  calculaQonal	  tools	  needed	  to	  achieve	  the	  
necessary	  precision	  in	  LHC	  predicQons	  are	  in	  
place.	  

•  Impressive	  progress	  has	  been	  made	  already.	  
•  But	  (much)	  more	  work	  is	  ahead	  of	  us	  and	  
hopefully	  this	  important	  bread	  and	  bu8er	  
physics	  will	  find	  conQnued	  support.	  	  	  

	  	  	  	  


