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Expectation for the near future

“near future” = tonight 10pm (i.e. 11am in Kyoto)

CMS and ATLAS will present updated Higgs search results from ~ 15 fb!
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Expectation for the near future

“near future” = tonight 10pm (i.e. 11am in Kyoto)

Expectations
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[Bolognesi,Gao,Gritsan,Melnikov,M.S., Tran,Whitbeck]

dashed lines: what might be expected with 35 fb-! from one experiment



Outline

Review our understanding of the main backgrounds

e Since backgrounds in the vy channel are modeled from data,
I will concentrate on ZZ and WW final states

[ATLAS-CONF-2012-098]:

“The uncertainty on the shape of the total background is dominated
by the uncertainty on the normalization of the individual backgrounds.”

e What are the uncertainty estimates?
- Enhancement and uncertainty of gg induced contributions

- Interference effects, finite width effects
- Electroweak corrections, yy = VV induced contributions
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ZZ final states

Experimental analysis

e very clean channel: select four isolated leptons

e selection cuts:

YA

Z: 50 < MMyy < 120 GeV

myp > 12 GeV e

e background: mainly continuum ZZ and Z+ets

Discovery signal:

Significance = 520 (CM3)

L(7TeV)=5 fbl

340 (ATLAS) +L(8TeV)=5 fb!

CVB (s=7TeV,L=51fb" {s=8TeV,L=531"
> S '>| LI LI L N Table 3: The number of selected events, compared to the expected background yields and ex-
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= B z+x 5 timates of the Z + X background are based on data. Tt 1 given for tl g
~ 14 O2y, 2z E 4F E= from 110 to 160 GeV. The total background and the observed numbers of events are also shown
-og 1of [ Jm=125GeV T st ] for the three bins (“signal region”) of Fig,. [d|where an excess is seen (121.5 < my; < 130.5GeV).
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ZZ final states

Continuum ZZ production

Main backgrounds are estimated from MC studies

qqb > ZZ from Powheg+Pythia
99 =2 ZZ from gg2zZ/MCFM

Z+jets background is estimated from data (much larger rel. error)

[Handbook of LHC Higgs cross sections]:
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ZZ final states

Continuum ZZ production

Main backgrounds are estimated from MC studies

qqb > ZZ from Powheg+Pythia
99 =2 ZZ from gg2zZ/MCFM

Z+jets background is estimated from data (much larger rel. error)

[Handbook of LHC Higgs cross sections]:
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ZZ final states

Gluon induced contributions
[Dicus,Kao,Repko], [Glover,vdBij]
[Campbell,Ellis,Williams], [Kauer,Passarino]

9 2 22 m

e Loop induced at LO
e ¢¢—>77 contributes to the NNLO for pp=>ZZ because there is no gg tree.

Hence, it is a finite and gauge-invariant sub-process

e Low ZZ threshold and large gluon flux may compensate a, suppression



ZZ final states

Gluon induced contributions
[Dicus,Kao,Repko], [Glover,vdBij]
[Campbell,Ellis,Williams], [Kauer,Passarino]

do/dmy [fb/GeV]|

gg/tot

gg induced contribution is about 10% of the total cross section
but only 1-2% in the region of around m, =125 GeV

- relevant for high-mass searches



ZZ final states

Finite width and background interference
[Kauer,Passarino]

e Finite width effects are param. suppressed by /M
Pr(¢®) = amyrreaz = 0@ — M) + O(Ce /M)
this can be violated in gg2>H->Z7Z for M, >2M,,

and might affect normalizations in control regions

e Interference between signal and background

Azz|? = [Ar|® + |Acont|* + 2Re(Ar Al )

gg (— H) - ZZ — 4¢ and 2£2¢'
a [fb], pp, /s =8TeV, My = 125 GeV ZWA interfer— -
mode Hywa H ofshell cont |Hofs+cont | Ry Ry
(00f | 0.0748(2)  0.0747(2) 0.000437(3) 0.0747(6) 1.002(3) | 0.994(8)

FE0'F | 0.1395(2) 0.1393(2) 0.000583(2) 0.1400(3) 1.002(2) | 1.001(2) 1.001(2)

| S T

Table 3. Cross sections for gg (— H) — ZZ — £66f and £6€'¢" in pp collisions at /s = 8TeV
for My = 125GeV and I'y = 0.004434 GeV calculated at LO with gg2VV. The zero-width ap-

nrovimation (ZWAY and nffocshell Higos ernss sections the comtininmm erogs section and the sum
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WW final states

Signature

e Signal is two OC leptons and large momentum imbalance due to two neutrinos.

e Most sensitive channel in the mass range around 160 GeV
- it is possible to extend the sensitivity down to 120 GeV

e The background rate and relative composition depends on the number of
accompanying jets. 2 enhance sensitivity by pre-selection into jet multiplicities
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WW final states

Further selection:

e b-tagging to remove ttb background

e spin-0 nature and V-A structure of W coupling forces leptons
to fly preferably into the same direction

Adpp < 1.8 and myy < 50 GeV in the signal region for 0- and 1-jet bin
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WW final states

Background modeling
“semi-data driven” method:

e normalize MC predictions to data in the control region
and extrapolate into the signal region.

- extrapolation is obtained from computation of & = Nsgr / Ncr

and used to obtain Nsr = a Nogr

qgb > WW from MC@NLO+Herwig, MCFM
g3 2> WW from MCFM,, gg2WW

[Handbook of LHC Higgs cross sections]
o MCNLO)

=0. : da(PDFs) ~ 2.
o(MCEM) 0.980 +0.015 o s) 5%

- Experiments adpot an uncertainty of 3.5% on a



WW final states

Table 4: Main systematic uncertainties on the predicted numbers of signal (myg = 125 GeV) and
background events for the H+0-jet and H+ 1-jet analyses, relative to the total signal and background
expectations. The same m criteria as in Table 3 are imposed. All numbers are summed over lepton
flavours. The effect of the quoted inclusive signal cross section renormalisation and factorisation scale
uncertainties on exclusive jet multiplicities is explained in Section 5. Sources of uncertainty that are

[ATLAS-CONF-2012-098]

negligible or not applicable in a particular column are marked with a *-".

Source ((-jet) Signal (%) Bkg. (%)
Inclusive ggF signal ren./fact scale 13 -
1-jet incl. ggF signal ren./fact. scale 10 -
Parton distribution functions 8 2
Jet energy scale T 4
W W normalisation - T
W W modelling and shape - 5
W +jets fake factor = 5
QCD scale acceptance 2
0-jet

Signal 20+4

Total Background | 142+ 16

Observed 185




WW final states

Gluon-induced WW background to Higgs boson searches at the LHC
[Glover,Bij],[Kao,Dicus]

m (1989,1991)

[Binoth,Ciccolini,Kauer,Kramer]
(2005)
Early calculations for the SSC found: gg is the dominant production process
this was later revised after using modern parton distribution functions & updated o,

From the abstract of [Binoth,Ciccolini,Kauer,Kramer]

,We find that gg — WW provides only a moderate correction (ca. 5%)

to the inclusive W-pair production cross section at the LHC.
However, after taking into account realistic experimental cuts, the
gluon-fusion process becomes significant and increases the theoretical
WW background estimate [...] by approximately 30%.”

o(pp — W*W* — [ol'v') [fb]

qq . o
qg INLO NLO+gg

cuts:  A¢ < 0.8
LO NLO L0 | ONLO

Orr | 53.61(2)F140 | 875.8(1)F342  1373(1)*7) | 157 | 1.04 My S 35 GeV

Oua | 25.80(1) 7850 | 270.5(1) 1200 491.8(1)F2%5 | 1.82 | 1.0

8

2

Oy | 1.385(1) 7030 | 4.583(2) 05 4.79(3)F0% | 1.05 | 1.20




WW final states

Re-evaluation using search cuts of ATLAS & CMS:

[Campbell Ellis,Williams]: 0-jet bin

/5 [TeV] and cuts | 0% (et p—vewy) [b] | oV (et p—1ew,) [fb] | K-factor | % gg
7 (Basic) 144 249 173 | 3.05
7 (Higgs) 7.14 15.19 213 | 685 |
14 (Basic) 206 566 191 | 473 |
14 (Higgs) 13.7 347 253 | 1000 |

FEFETIEE ENENE AT AVETEE A N AR A A A A
150 25 50 75 100 125 150

veto [GEV]

[Melia,Melnikov,Réntsch,Zanderighi,M.S.]: O-jet (and 1-jet bin)

Higgs search cuts

ILO N6 IREO doNNLO | doNNLO/IRTD
sTey | WW | 35.6(1)° gg 51. 1(1)+§§, 38.8(1)* gg 2. '(1)+E? 7.0%
ey | VW 634(1)-20 | 91.0(2),00 | 63.4(2) 72 | 7B(1), )2 11.8%




WW final states

Gluon fusion contribution to WW+1jet

Loop induced tree level with five external particles

[Melia,Melnikov,Rdntsch,Zanderighi,M.S ]

We use modern unitarity techniques to calculate this process

We include all spin correlations, singly-resonant diagrams, off-shell effects

We combine our results with the NLO calculation for quark induced channels

Add-on to MCFM is publicly available

[Campbell,Ellis,Zanderighi]



WW final states

Gluon fusion contribution to WW+1jet

[Melia,Melnikov,Rdntsch,Zanderighi,M.S ]

Higgs search cuts

+combined with quark induced channels at NLO QCD

[Campbell,Ellis,Zanderighi]

ILO RO oREO OONNLO_ SoNNLO/TRTD
eTeyv | VW 35,5(1)?;3 51.1(1) 704 38.8(1)“_“5;2 2.7(1)703 7.0%
WWij | 12.6(1)755 | 10.8(1)%02 | 10.6(1)*03 | 0.6(1)752 5.7%
Ty | YW 63.4(1)i§;‘% 91.9(2) o4 63.4(2)t§;é 7.5(1)518 11.8%
WWj | 28.7(1)725 | 21.6(1)"37 | 20.5(1)737 | 1.8(2)703 8.8%

experiments do not yet include simulation data but associate a large system. uncertainty

Source (1-jet)

Signal (%)

Bkg. (%)

1-jet incl. ggF signal ren./fact. scale
WW normalisation

2-jet incl. ggF signal ren./fact. scale
b-tagging efficiency

Parton distribution functions

W +jets fake factor

similar in CMS analysis
! ~ 30% norm.uncert.

[ATLAS-CONF-2012-098]



WW final states

Gluon fusion contribution to WW+1jet

[Melia,Melnikov,Rdntsch,Zanderighi,M.S ]

+combined with quark induced channels at NLO QCD
[Campbell,Ellis,Zanderighi]

Higgs search cuts

ILO e oREO donNLO | 8oNNLO/ORED
ety | WW 35.6(1)t?;§ 51.1(1)709 | 38.8(1)%g3 | 2.7(1)307 7.0%
WWij | 12.6(1)7135 | 10.8(1) 52 | 10.6(1) 08 | 0.6(1)703 5.7%
e 63.4(1)757 | 91.9(2)50 | 63.4(2)750 | 7.5(1)313 11.8%
WWj | 28.7(1)725 | 21.6(1)"37 | 20.5(1)737 | 1.8(2)703 8.8%
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WW final states

Background interference effects
[Campbell,Ellis,Williams]
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WW final states

Background interference effects
[Campbell,Ellis,Williams]
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.r Electroweak corrections and photon initial states

[Bierweiler,Kasprzik,Kuihn,Uccirati]
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stable W's; i.e. no Higgs search cuts

but relevant for high-mass searches

e sizable cancellations between different

contributions = dependence on cuts



SUMMARY

e /7 background is under good control:

- exp. analyses include NLO QCD simulations,
- gg induced channels, background interference & finite width effects
are small in the 125 GeV range

e WW in the 0-jet bin is under good control:

- analyses use semi-data driven methods
- gg induced channels are included in simulations
- background interference is effectively removed by cut on my

e WW in the 1-jet bin:

- higher order corrections exist

- exp. analyses use LO tools and assign large uncertainty
- gg induced contribution (NNLO) is larger than NLO scale variation
and very dependent on kinematic cuts

e high-mass searches might have to account for
background interference, gg/yy induced channels, el.weak corrections



