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First W events are coming in

Run Number: 152409, Event Number: 5966801
Date: 2010-04-05 06:54:50 CEST

W-ev candidate in

7 TeV collisions
p,(e+) = 34 GeV

nie+)= -0.42

E ™ =26 GeV

M, =57 GeV




Moftivation

Vector Boson + jets processes are very important at the
LHC and Tevatron
« As a signal
 As a background

For SM physics (Higgs, tt, single top)

*For BSM physics
e | UMInosity determination
* Need the best possible theory prediction!

— Extrapolate to signal region



Renormalization scale dependence

e The scale dependence increases with number of jets




NLO Corrections

NLO corrections are needed for a good theoretical
understanding of QCD processes

Improve theory prediction for

e Absolute normalization i

 Reduce renermalization
scale dependency

Number of jets| LO | NLO
1 16% | 7%
2 30% | 10%
3 42% | 12%

» Corrections can be very large
e Shape of distributions



NLO with BlackHat+Sherpa

NLO cross section

NLO t'r’ee m'rt 4+ Zsub

BlackHat




Sherpa

[Gleisberg,Hoeche,Krauss,Schoenherr,Schumann,Siegert, Winter|

Provides
» Efficient phase space integration (now: even better)

o Analysis framework

 Automated dipole subtraction [Catani,Seymour]
for the real part [Gleisberg,Krauss]

e (and much more)
Is written in C++



BlackHat

[Berger, Bern, Dixon, Febres Cordero, Forde, Ita, Kosower, DM]

C++ library for the computation of virtual 1-loop
amplitudes for QCD processes

Uses new progress 1n the unitarity techniques, spinor

formalism, complex momenta
[Ossola,Papadopoulos,Pittau;Forde]

Cut containing part: 4 Dim, using Forde's method

Rational part:

— 1- loop recursion ( reuse of lower point results )

[Berger,Bern,Dixon,Forde,Kosower]

— Rational extraction using D-dim unitarity
[Giele,Kunszt,Melnikov;Badger]



Zvs W

4
— Cleaner signal 1n the leptonic channel
— Smaller cross section
— Missing energy

e W

— Larger cross section
— Less clean signal

— lepton+missing energy

e Underlying QCD dynamics 1s the same
— Can use Z/W to calibrate W/Z



--- PDF uncertainty

Wjets @ Tevatron

CDF Collaboration
320pb~ 1 -

 Corrected for comparison )L cor s
with: particle level

e Comparison with

« NLO: MCEM
« MEM =Alpgen+iHerwig |
° SM PR —_ Madgraph+Pyth|a - . = CDFII/SMPR  Scale uncertainty
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[CDF Collaboration PRD 77 011108, Arxiv:0711.4044 ]




W41 Jet at Tevatron

[ A CDF I MCFM Scale uncertainty --- PDF uncertainty

o CDF I MLM
Scale uncertainty

Scale uncertainty
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W3 jets (@ Tevatron
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W+3jets+X  —- L0 YU = \/mszV + p%(W)

- — NLO
Vs = 1.96 TeV = CDF data

EX > 20Gev, 171 < 2
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BlackHat+Sherpa

LO/NLO NLO scale dependence LO scale dependence
CDF /fNLO

40 50 60
Third Jet E, [ GeV ]



Z/y* ~+ jets at the Tevatron

 Measured by both CDF and DO

e ¢te final state

— Include y* and Z/y interference
— Massless electron

— Take width of Z into account

— Full color

— Neglect top quarks

— Neglect fermion loops attached directly to the vector
boson



Z + jets (@ Tevatron
Z(ete-) +1,2,3 jets

 NLO has a reduced
scale dependence

BlackHat+Sherpa

--- LO

* Scale dependence "_ | T No
increases with the -
number ijets ] P> 3GV, 1571 < 2]

E) > 25GeV, I <1
Il el ar 12 <191 < 28

a6 GeVo= M= 116 GeV

c—= ZIy Hjet+ X

——- Ziy +2jets+ X
— Ziy +3jets+ X




Z + jets (@ Tevatron

e CDF collaboration
ArXiv 0711.3717

e Midpoint jet algorithm
1.7 fb~!
P > 30 GeV,
ES > 25 GeV
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Data / Theory

ARe_je; > 0.7,
66 < M.+.- <116 GeV,
Pt <21 [n7| <1
2| <1 or 1.2<|n®?|<2.8

Data / Theory

Ziv(—e’e) + =1 et inclusive (=20)

—8— CDFData L=1.71f"
[ | Systematic uncertainties
—&— NLO MCFM CTEQE.1M
Corracted to hadron level
ug = ME + p7(2), R, =1.3
Bo=2u, 1 =p,2
PDF uncertainties




/12 jets @ CDF

. . e -
HadrOIllC L1y +2jets+ X —- LO hadron

- = e — NLO parton
corrections from - VT 19TV NTO e

CDF " - CDF data
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Ztjets (@ DO

e ArXiv 0903.1748
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Z/Y +2jets + X

e Used hadronic
corrections
supplied by DO
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Z+3 jets @ DO

e Used hadronization
corrections from DO

e Scale Hr/2
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Towards W4 jets

Start with leading color approximation

Check speed
Integrate

Produce distributions

Check numerical stability

iy




Towards W4 jets

e Same technology for virtual part

e Real part 1s very challenging

— Matrix elements are supplied by BlackHat (BCFW
recursion)
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Stability for W+4 jets

e Numerical stability 1s &
under control

* Accuracy

t t
1 da‘]?H — dava SN
08 target
doy,

gd—e Uogggu




“Proof of principle” plots

e Show that a reasonable integration accuracy can be
obtained

e Show numerical stability for real part
* Not all checks performed — PRELIMINARY



Real part
e Uses tree ME from BlackHat
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Still a lot to do

Checks, checks, checks, ...

Accumulate statistics

But we see the light at the end of the tunnel



Conclusion

e Showed comparison of NLO W/Z+ 3 jets and
experimental data from the Tevatron

e Presented progress towards NLO results for W+4
jets



Outlook

e Public version of BlackHat

e W/Z+4 jets, ...

e Merging with parton shower

e NLO as the standard theory prediction at the LHC



