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Introduction

» The main next step in measuring Higgs properties is to separately
measure gluon gluon fusion (ggF) and vector boson fusion (VBF)
processes.

> ATLAS and CMS use various dijet selection cuts to enhance VBF
over gluon gluon fusion.

> VBF is still contaminated by significant fraction (~ 30%) of gluon
gluon fusion which has large uncertainties.

» We study the theoretical uncertainties in gluon gluon fusion for
H-+2jets using ATLAS and CMS dijet selection cuts.
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Jet Bin Uncertainties

uncertainties as there are cancellations between large K factors and
large logarithmic terms from the dependence on jetveto.

> To estimate realistic uncertainties: Use scale variation to determine
the uncertainties in the inclusive N jet cross sections o> .

The exclusive N jet cross section is
written as:

g9 — H+0 jet (NNLO)

ON =0>N — O>N+1

The perturbative uncertainties in o>y
are taken as uncorrelated to estimate
the size of jet-veto logs:

Em="T7TeV
myg =165 GeV

ao(p§) [pb]

-~ p=mp/4

[F. Tackmann & I. Stewart, arXiv:1107.2117]
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Dijet selection cuts

o2[2jetcuts](prjz < pF

cut

) = 0>2[2jetcuts|—o>3[2jetcuts|(priz > pT

cut

[2jet cuts] refers to inclusive 2jet cuts used in VBF selection.
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Physical Significance of A¢,,_j

» From momentum conservation in transverse plane, events with only
2 high pr jets have A¢,,_j =~ 7.

> Thus A¢ > 2.6 is sensitive to the exclusive 2 jet region and behaves
similar to the pr < p$" exclusive jetveto.

ATLAS
[ A‘f’wfjj >
. A¢’7‘v—jj <

IS
T | \\HH? \cwbmm\
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Generalizing to other cuts

estimate uncertainties in any kinematic cuts that restrict to the
exclusive 2 jet region and induce logarithmic terms in perturbative
series eg: Agy_j;

Just as p$** used to divide cross section into jetbins we can use

A¢.~_j; to divide the cross section as:

T do 2™ o
o= —d +/ —d
/A¢cuf do ¢ 0 do ¢

The exclusive 2 jet cross section as a function of A¢“t can be
written as:
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Combining exclusive cuts

complicated cuts which force the kinematics into exclusive 2 jet
region.
> As an example we study the uncertainties in the 2 jet exclusive cross

section as a function of p$¥* with an additional constraint that
A¢’W—ji > 2.6.

02(A¢'y'yfjj > 2.6, prj3 < pgyf =0>2—

—0>3(Apyy—ji < 2.6[|p7j3 > p*)

» The uncertainty in the exclusive 2 jet cross section is written as:

D3(A¢yy—jj > 2.6, prj3 > pF) = AL, +
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Theory Uncertainties in ggF-VBF sepa-
ration

o_éneasured(pc_;yt) cut)

= 02,vBr(PF") + 02,65 (P
The main uncertainty in the ggF-VBF separation comes from the
uncertainty in the gluon gluon fusion So the relevant figure of

merit is the relative uncertalnty

ov BF
40 prrrm A A R e A 40 v A A U L UL Y U U
E E E CMSloose E
E Ecn=8TeV E E Ecn=8TeV E
300 mp=125GeV 3 300 mpg=125GeV ]
=k E = E
= E ~ 7 " Total Uncertainty 3 = E ~ 7 " Total Uncertainty 3
:a E —— Combined inclu. unc.] E E —— Combined inclu. unc. J
= 20 ; """ 20% Relative unc. E \m20 ; """ 20% Relative unc. E
5 E 1 & F m e __3
Ly S i 4 ¢ e ]
o0 S = 10 e =

Theory Uncertainties in Higgs+2 jets

12 /15



Theory Uncertainties in ggF-VBF sepa-
ration

a,éneasured(A(pcut) — U2,VBF(A¢CUt) + UZ,gg(A¢CUt)
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Conclusions

» Combined Inclusive scale variation allows to obtain realistic fixed
order uncertainties for the 2 jet exclusive cross section.

> This method can be generalised to estimate uncertainties in any
kinematic observable which restricts to the exclusive 2 jet region
and induces logarithmic dependance in the perturbative series.
=A¢,,_jj used in H — 7 is a good example.

> Exclusive 3-jet veto in VBF does not necessarily help separating ggF
and VBF due to increasing theory uncertainty.
=-One should combine theory and experimental uncertainties when
optimizing cuts or in MVA.
= We are currently studying how to apply method at a differential
level to allow propagation of uncertainties directly via MC.
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