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NLO vs. SMC’s (LO + Parton Shower)
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NLO accuracy for inclusive observables
(not only rates).

reduced theoretical uncertainty (less
sensitive to ur and pp choices).

wrong shapes in small-pr region (or
generically where you want to resum
logs).

description only at the parton level.
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SMC’s

total normalization accurate only at LO
(+ large scale dependence).

poor description of high-pt emissions.

Sudakov suppression of small pr
emissions (LL resummation, via parton
showers).

simulate high-multiplicity events at the
hadron level, modelling also NP effects.

largely used by experimental
collaborations at various stages.



NLO vs. SMC’s (LO + Parton Shower)

@ NLO @ SMC’s
v/ NLO accuracy for inclusive observables X total normalization accurate only at LO
(not only rates). (+ large scale dependence).
v/ reduced theoretical uncertainty (less X poor description of high-pr emissions.
sensitive to and choices). .
HR e ) v/ Sudakov suppression of small pr
X wrong shapes in small-pr region (or emissions (LL resummation, via parton
generically where you want to resum showers).
logs). . . s
9s) v/ simulate high-multiplicity events at the
X description only at the parton level. hadron level, modelling also NP effects.

v largely used by experimental
collaborations at various stages.

natural to try to merge the 2 approaches, keeping the good features of both.

real emissions included in both approaches (and virtual corrections as well)
@ NLO: exact n + 1-body matrix element.
@ PS’s: multiple emissions in the collinear approximation.

main problem: avoid to double-count them !

many proposals, currently two fully tested solutions: MC@NL O [Frixione, Webber 2001] and PONHEG
[Nason 2004].



The PONHEG method

Idea: Modify dognic in such a way that, expanding in as, one recovers the NLO cross section. J
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+ pr-vetoing subsequent emissions, to avoid double-counting.
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+ pr-vetoing subsequent emissions, to avoid double-counting.

@ Formally it has the same accuracy of MC@NLO:
inclusive observables @NLO, first hard emission with full tree level ME, (N)LL
resummation of collinear/soft logs, extra jets in the shower approximation.

@ Main differences:
v/ Events are positive weighted = POsitive Weight Hardest Emission Generator

v/ Doesn't depend on the parton-shower algorithm used.
9 truncated shower formally needed to restore soft wide-angle radiation effects, when
using angular-ordered shower.
Until now, very small effects observed (for simple processes).



V+1jet

@ /0 +jets | Fr + jets: background to BSM searches with two opposite sign leptons or
missing E7 involved. W + jets is very relevant for BSM searches too.

@ 7 + 1 jet useful for (checking) jet calibration.

W and Zj Born matrix elements are singular for pr ; — 0:
generation cut (for instance on pr, /) or modified B function:
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@ /0 +jets | Fr + jets: background to BSM searches with two opposite sign leptons or
missing E7 involved. W + jets is very relevant for BSM searches too.

@ 7 + 1 jet useful for (checking) jet calibration.

W and Zj Born matrix elements are singular for pr ; — 0:
generation cut (for instance on pr, /) or modified B function:

sharp generation cut

suppression factor




Zjj. details

@ /0 +jets | Fr + jets: background to BSM searches with two opposite sign leptons or
missing E7 involved. W + jets is very relevant for BSM searches too.

@ 77 + 2 jets: background for Higgs searches (in particular VBF). See later.
@ relevant where Zbb is relevant (light jets faking b-jets).




Zjj. details

00 + jets | for + jets: background to BSM searches with two opposite sign leptons or
missing E7 involved. W + jets is very relevant for BSM searches too.

77 + 2 jets: background for Higgs searches (in particular VBF). See later.
relevant where Zbb is relevant (light jets faking b-jets).

(2

(— ££)§5 QCD production (O(a2a?.)). Z(— ££)jj (O(ad,,)) EW not considered.

P

Born amplitudes, B;;, B*¥ computed with helicity amplitudes (Hagiwara-Zeppenfeld)
Real matrix elements obtained with MadGr aph

Virtuals computed linking against Bl ackHat (Binoth-LH interface = can be linked with
other 1-loop codes)
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Zjj. details

@ Suppression factor used:

B(®n) — Bsupp(®n) = B(®n) F(®n),

2 k 2 k
F(®,) = P71 s P72 18 ( 51,2 )sz
n - K
p%,l + A;%T p%,Q + A;%T s1,2 + A%n

kis = kps =2, APT :10GeV, Am:5GeV

@ similar method used for Hjj in PONHEG [Campbell et al., arXiv:1202.5475]

@ checked soft/collinear limits with expected values; NLO distributions checked with n-tuples
generated with Bl ackhat + Sher pa

@ W37 and Wjjj done with same accuracy, with aMC@LOand Sher pa- MCGNLO
[Frederix et al., arXiv:1110.5502, Hoeche et al., arXiv:1201.5882]



Zjj. “signal cuts”

settings:
@ PDF: CTEQ6M

@ p=Hp/2= (,/m2z+p2T’Z +pr1 +pT,2) /2

@ “Perugia 0” tune (PYTHI AB)

@ No folding, ~ 20% neg. weighted events.

cuts:
@ pr..>20GeV, |ye| <2.5
@ pr; >30GeV, |n;j| <44
@ anti-k+, R=0.4
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Zjj. “signal cuts”

settings:
@ PDF: CTEQ6M

O yu=AHr/2= (,/mQZ +p3 , +pr0 +pT,2) /2
@ “Perugia 0” tune (PYTHI AB)
@ No folding, ~ 20% neg. weighted events.
cuts:
@ pr..>20GeV, |ye| <2.5
@ pr; >30GeV, |n;j| <44
@ anti-kv, R=04
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Zjj. “signal cuts”

settings:

do/ dpm3 [pb / GeV]

@ PDF: CTEQ6M

O yu=AHr/2= (,/m% +p% 5+ P +pT,2) /2
@ “Perugia 0” tune (PYTHI AB)
@ No folding, ~ 20% neg. weighted events.

@ pr..>20GeV, |ye| <2.5
@ pr; >30GeV, |n;j| <44
@ anti-k+, R=0.4
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Zjj. “signal cuts”

settings:
@ PDF: CTEQ6M

O = HT/Q = (\/M-FPTJ +pT,2) /2
@ “Perugia 0” tune (PYTHI AB)
@ No folding, ~ 20% neg. weighted events.
cuts:
@ pr.e>20GeV, |ye| <25
@ pr; >30GeV, |n;| <4.4 pr,; cut ONLY on two hardest jets
@ anti-kt, R=04
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Zjj. comparison with ATLAS data

cuts:
@ pr..>20GeV, |ye| <25
@ pr; >30GeV, |y;| <44, ARj.>05
@ anti-kr, R=04
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Zjj: “VBF cuts”

@ QCD and EW Zjj are two of the main backgrounds to VBF Higgs, with H — 77

EW QCD
9 gi0p Koot
@ Different color structure =- different jet activity

@ Possible to suppress ¢ @€ P without loosing too much signal

QCD

EW
° OvBFcuts ™~ OV BFcuts

Studied QCD Zjj in presence of minimal set of VBF cuts:
pr,e > 20GeV, |yo| < 2.5,
[njl <5.0, pr;>20GeV, prj,. >30GeV,
i, —njp| > 4.0, mj, -7m5, <0, VBF has forward/backward tagging jets
min (n;,,nj,) + 0.4 < gy )~ < max (n;,,7;,) — 0.4 leptons within the tagging jets.

Further background suppression possible cutting out events with low ;.



Zjj: “VBF cuts”
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@ AQ®;; is known to be useful to study the CP property of the Higgs boson

@ yrel = ¥ — (Y5, + y;,)/2: distance between 3rd jet and tagging jets (using average jet

rapidity)



Conclusions and outlook

@ possible to implement complicated processes in PONHEG, recently done also for Hjj
@ shown good agreement / differences with NLO, as expected
@ good agreement with data

@ simple study in presence of VBF cuts shows stable results when going from pure NLO to
NLO+PS
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accuracy. Signal and some backgrounds already available.

@ comparison with new data
@ Wijj



Conclusions and outlook

¢ © ¢ ¢

possible to implement complicated processes in PONHEG, recently done also for Hjj
shown good agreement / differences with NLO, as expected
good agreement with data

simple study in presence of VBF cuts shows stable results when going from pure NLO to
NLO+PS

code will be available within the PONHEG- BOX repository

possible to do more detailed and realistic study in presence of VBF cuts, with NLO+PS
accuracy. Signal and some backgrounds already available.

comparison with new data
Wij

Thanks for your attention!



