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“Counting” discovery : background knowledge
and systematic is a key issue



gg->H->WW(*)->II
list of topics for Workshop

* gg->WW background.

— Fetch gg->WW MC into CMS software; effect of
showering in PYTHIA (isolation, jet veto).

— Can it be separated in data from qq->WW ?
Extrapolation uncertainties.

« WbWb background with jet veto
— tt + Wt with jet veto. NLO
— Effect of spin correlations in WbWb
— Evaluation from data : theory + exp. systematic

* Uncertainty of jet veto in gg->H with different
MC’s and UE “benchmarks”



Gluon-induced WW background to Higgs
boson searches at the LHC

Nikolas Kauer
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200K parton level gg->W*W*->4| events were simulated during Workshop by
Nikolas Kauer and propogated for PYTHIA showering and hadronization using
MadGraph format and Les Houches interface

CMS CDB page

LCG Monte-Caro Events DataBase - Konqueror BIRI=E
Location Edit View Go Bookmarks Tools Seffings Window Help

2o B0 FODIGLRAAD

E» Location: @ht‘tp.rfcmsdoc.cern.chrcmsfgeneratorsfmcdbf

Monte-Carlo Events Data Base

LO GG->W*W"->2L EVENTS, L =E, MU, TAU

HIGGS LO gg->W*W*->2| events provided by Nikolas Kauer for gg->H->WW*->2l study/during Les Houches 2005 Workshop. The information about PUBLISH NEW

TOP generator can be found on Higgs group page DOCUMENT:
Ed: 19/05/2005 | author: Alexandre Nikitenko | category: WW and n jets .: non

W and n jets authorized
PHOTON + 3 JETS, QCD DIAGRAMS, COMPLETE TREE LEVEL SETS, COMPHEP, 850K EVENTS author
Zandn jets QCD fake background to the light Higgs signal in the W, Z fusion (gamma gamma + 2 jets channel). 850K event sample generated by authorized

EET Ik le] CompHEP 4.2p1 ih
n jets published: 25/04/2005 | author: Mikhail Dubinin | category: Gamma and n jets .: author

WW and n PP->TT~ + GAMMA GAMMA, T1(2)->WB->QQB, T2(1)->WB->B L NU (L=E,MU,TAU) GENERATED BY MADGRAPH ||

administrators

]ets pp->tt~ + gamma gamma, t1(2)->Wh->qqb, t2(1)->Wb->b | nu (I=e,mu,tau) generated 1 with MadGraph Il; gammas from
ZZandn ISR and FSR from top quarks area

jets published: 25f03/2005 | author: Alexandre Nikitenko | category: TOP .:

WZ and n EW TAUTAU+JJ WITH MADGRAPH. VBF AND MTAUTAU PRESELECTIONS WERE APPLIED HELP

]ets pp->tautau jj with MadGraph for qgh, h->invisible study. VBF and Mtautau preselections were applied
Gamma published: 25/03/2005 | author: Alexandre Nikitenko | category: Z and n jets .:

Questions :
how much is the influence of jet veto, isolation due to ISR ?
should we take it into account ?



gg->W*W*->2| efficiency

Giovanna Davatz and Anne-Sylvie Giolo

Isolation + jet veto with ISR bring ~ 20 + 10 % of reduction in ¢4

Pythia without ISR

Pythia with ISR

Basic cuts 0.47 m 0.34
+ jet veto 20 GeV 0.28
+ jet veto 30 GeV 0.31

Full selection cuts

0.025 =TT 0.017

+ jet veto 20 GeV

0.014

+ jet veto 30 GeV

0.015




tt + Wt after jet veto are comparable

Normalization at NLO
- In a gauge invariant way
- in a generator friendly way

with Sasha, Anne-Silvie, Marco




SIMPLER SOLUTION

Scott’s proposal:

® Use tt at NLO and gb>tW at NLO, but
consistently leave out gg20;, terms

1

IN + 0 corrections

OuUT

Action plan by Fabio Maltoni, John Campbell and Scott Willenbrock:
- Check that the neglected contributions are small in various areas of phase space
- Provide reference numbers for normalization of background



Effect of spin correlations
in WoWb background

Anne-Sylvie Giolo

Selection efficiency: Cross section after cuts
(O (pp—Wbwb) X BR(e,u,t) = 60.6pb)

W decayed in |W decayed in
MadGraph Pythia

2 isolated leptons
(p>10GeV, [n|<2) 11pb 12pb

Jet veto (pt>30GeV,|n |<2.5)

Etmiss>40GeV 400fb 4 1 Ofb

¢ <45°
5GeV<m,<40GeV Sl 301b

30GeV<p,"2(lep)<55GeV
e 4.7fo 4ETXEp 5.3




tt bkg. evaluation from data and th. : 15t proposal

tt reference region: Exploit background
) extrapolation method
 same selections on leptons and MEt proposed by N. Kauer
* N0 jet-veto and D.Zeppenfeld in
L Les Houches 2
.« jet Pt> 50 GeV es Houches 2003

* one b-tagged jet (no veto on extra jets)

Results for LO signal, DY and #t. Wt not included

Events* for 10 fb-’
Higgs 0
DY 15
tt 280

* 2 U final state

Les Houches Workshop, Marco Zanetti - INFN Padova



tt bkg. evaluation from data and th. : 2" proposal

tt Reference Region: same selections as before but NO request

for a b-tagged jet

you ey S B B |

H— WW, 165GeV|
reneg ==xa tthar
Pl s VYWY

L=10fb""
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* To be applied only for different ;:Z_
flavor leptons final state (avoid aoF-
DY) oF
* Topology: W+ e’* +MEt+1;. 2of-
Contamination from WW-+j(s) o

(negligeble?)

* Systematics coming from uncertainty
on jets energy scale (~10%) and from
jets misidentification. (10 for e’s and

10 for W’s). Possible contamination by
W+2j
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{ ETH Institute for
. Farticle Physics

gg—H for different MCs:

uncertainties due to jet veto

Giovanna Davatz, ETH Zurich



pr Higgs varies for different MCs (new showering for Pythia used)

Pythia now much more like Herwig and MCatNLO in low pt
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efficiency of jet veto / 2 GeV
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Efficiency numbers of the jet veto

LHC 14 TeV
ag — H

M, = 165 GeV

= === HERWIG 6.505 + ME corr.
— MCatNLO 2.31

== PYTHIA 6.319, new showering
—— CASCADE 1.2009

CTEQS

Cone Algorithm
Cone sizeR=0.5

p; seed > 1 GeV

jet veto:

p;jet < 30 GeV
nljet <45

o
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Differences vary over the p; spectrum:

Integrated efficiency over whole
pr spectrum and up to a p; Higgs of 80 GeV:

€ total |eupto 80 GeV
PYTHIA 0.53 0.68
HERWIG 0.54 0.68
MCatNLO 0.58 0.69
CASCADE 0.55 0.65

— efficiency spread = 10%

(without CASCADE up to 80 GeV 1%)




Efficiency numbers of the jet veto for MCatNLO, different scales

o L T I_— Integrated efficiency over whole
" LHC 14 TeV | pyspectrum and up to a p; Higgs of 80 GeV:
- gg > H T
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Excellent collaboration
between experimentalists and
theorists in the group

THE END



PYTHIAG.2 tunnings
(on the way for 6.3...)

R. Field; CDF UE tuning method

Charged Jet #1
Direction

“Transverse™

“Transrerse”

Comments

CDF —Tune A
(PYTHIAG.206)

PYTHIA6.214 -
Tuned (ATLAS)

Generated processes
(QCD + low-pT)

Non-diffractive inelastic
+ double diffraction
(MSEL=0, ISUB 94

Non-diffractive +
double diffraction
(MSEL=0, ISUB 94 and

"Transverse" Charged Density
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"Transverse" Charged Particle Density: dN/dnd¢

CDF Preliminary
~ data uncorrected
theory correc ted

and 95) 95)
p.d.f. CTEQSL CTEQ 5L
(MSTP(1)=7) (MSTP(51)=7)
Multiple interactions MSTP(81) = 1 MSTP(81) =1
models MSTP(82) = 4 MSTP(82) =4
pT min PARP(82) = 2.0 PARP(82) = 1.8
PARP(89) = 1.8 TeV PARP(89) = 1 TeV
PARP(90) =025 PARP(90) = 0.16
Core radius 40% of the hadron 50% of the hadron
radius radius

(PARP(84) = 0.4)

(PARP(84) = 0.5)

O CDF Run 1 Published

=—PYTHIA Tune A

® CDF Run 2 Preliminary

Inl<1.0 PT>0.5 GeVic

Gluon production

PARP(85) = 0.9

PARP(85) = 0.33

PT(charged jet#1) (GeVic)

mechanism PARP(86) = 0.95 PARP(86) = 0.66
a, and K-factors MSTP(2) = 1 MSTP(2) = 1
MSTP(33)=0 MSTP(33) = 0
Regulating initial PARP(67) = 4 PARP(67) = 1

state radiation




oxBR(H—WW) (pb)
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Discovery reaches with H->WW->2|

Excluded cross section times
Branching Ratio at 95% C.L.

Excluded at LEP

D

e

A vt

4™ Generation Model

Topcolor

Standard Model
I 1 1 1 | 1 1 | | | ) 1 |

100

120

140 160 180 200
Higgs mass (GeV)

=10

5 o discov

ery luminos

10 -

basssaaaann frassannnenss b e s PP PP PIITY. PRPTPRPIN TTTTTTrre

2RV

A - . ........ '- ......... AN N NS S N N
- e nobkg: systematics

L m 57 bki. sydtematics

100125 150 175 200 225 250 275 300325 350

M, (GeV/c?)
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both in ATLAS and CMS; need more
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events [ 0.02

“Counting experiment” — no sidebands

70

10

H->WW(O)> 272 v

Backgrounds : tt, WWY), Wt
Selections :

- lepton tracker + calo isolation
- jet veto. No jets Et>20 GeV, In | <3

- W*W- spin correlation: cut on ¢ 4

CMS 5 fb

[~ WW background
i+ top backgrounds

[ Higgs events
my = 170 GeV

10 - - | _—nu - e . I_ |
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Backgrounds has to be estimated from data
Obkg = Oref X (Gbkg/Gref)

Oref - low experim. uncertainty

Gbkglgref - low theoret. uncertainly

Events / 5. GeV

Events / 2.5 GeV
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M, .= 140 GeV

p, (max) events for 30 fb™

g Higgs + W'W + tt + Wtb
= 3540 events

O W'W- + tt + Wtb
= 2679 events

w'w
(= = 1883 events
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[ Higgs + W'W + tt + Wtb
= 1949 events

O W'W' + tt + Wtb
= 1403 events
w'w

= =1029 events
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Selection cuts (comparable to hep-ph/0503094)

* basic cuts:
— pTlepton >20 GeV
— |n lepton| <2.5
— ET miss > 25 GeV
— 2 isolated leptons

* Full selection cuts: basic cuts +
— phi(ll) <45
— mass(ll) < 35 GeV
— pTImin >25 GeV
— 35 GeV < pTImax <50 GeV



Selection cuts without jet veto, scaled -NO ISR
- With ISR
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Results

pp — WW* — (ol (/s = 14 TeV)

o(pp — W*W* — Luf'v'") [fb]

qq ONLO ONLO+gg

g9

LO NLO OLO ONLO

oot | 53.61(2) 00 | 875.8(1)F272  1373(1)FL5 | 1.57 | 1.04

Ostq | 25.89(1) 850 | 270.5(1)T09  491.8(1)7572 | 1.82 | 1.05

ooy | 1.385(1)1030 | 4.583(2) 045 4.79(3)T9l5 | 1.05 | 1.29

std: pry > 20 GeV, |ny| < 2.5, pr > 25 GeV
A[ﬂ / 2 < Hren, fac <2M W




1/N (dN/dp,,..)

The pt spectrum of the leptons is harder when the W’s

are decayed in PYTHIA

— WbWhb, decayed in Madgraph

g

= WbWhb, decayed in Pythia

a0z 2 leptons, hi<2, p>10GeV

20 40 60 80 100 120 140 160 180 200
Pt imax

1/N (dN/dp, )

it

= \WbWb, decayed in Madgraph

——— WbWb, decayed in Pythia

2 leptons, Inl<2

Pt imin




/N (dN/dg )

— WbWhb, decayed in Madgraph
——— WbWb, decayed in Pythia

2 leptons, hi<2, p>10GeV

80 100 120 140

1/N (dN/dm,)

§ R B b Kk B E B G

160 180
by

Leptons tend to be more
back-to-back when W are
decayed by pythia
(leading to a high m,)

—— WbWh, decayed in Madgraph
——— WbWhb, decayed in Pythia

2 leptons, h)i<2, p>10GeV

250 300
m; [GeV]



1/ N * events/ 2.5 GeV

p; Higgs varies for different MCs old Pythia showering

Low pt: different shape for Pythia

0.09

0.08

LHC 14 TeV
gg—H

M, = 165 GeV

------- HERWIG 6.505 + ME corr.

—— MCatNLO 2.31

---- PYTHIA 6.319

—— CASCADE 1.2009
CTEQ5
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Low pt: Herwig+ME and MCatNLO = same

1/N * events/ 2.5 GeV
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High pt: Pythia + Herwig+ME = same

LHC 14 TeV
gg—>H
M, = 165 GeV

T \\HIIF

----- HERWIG 6.505 no ME corr.
—— HERWIG 6.505 + ME corr.
—— MCatNLO 2.31
—— PYTHIA6.319
—— CASCADE 1.2009

CTEQS
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Herwig without ME correction




