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® |ntroduction to SM Higgs Physics
® Experimental Apparatus

® Higgs Searches at the Tevatron

¢ WH and Combination

® Higgs Searches at the LHC

® Vector Boson Fusion (VBF) Higgs

® \/BF at the Tevatron
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Standard Model

® The SM is a Quantum Field Theory: fusion of Special Relativity
and Quantum Mechanics

® There are 3 main ingredients:

® Forces

i R R R e e tse

® Electromagnetism(y), Weak(W#,Z), Strong(g)
o Matter

® 6 quarks, 6 leptons in 3 generations

e R e R B M e e

e Spontaneous Symmetry Breaking II IH

l[]lu Generations of Matter

e Higgs Mechanism
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® Higgs field is a complex scalar field introduced to break electroweak
symmetry and to introduce mass terms in the Standard Model (SM)
Lagrangian

® Neutral, spin 0 Higgs Boson must be found to complete SM picture

® Higgs mass is a parameter of the theory
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Indirect Con
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® Precision Fit of electroweak precision data,
including top quark and W masses

o . |
<7
® Dest fit Higgs mass = 76 + 33 - 24 GeV 2 |
° ° ° 1 - £ -
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LEP Direct Se

® | EP direct search result :
combination from four experiments
found hint of a signal at my ~118
GeV, but could be fluctuation

® | EP technique for deriving limits Vs
e Ratio of Poisson Likelihoods

e Comparison of signal+back%round

— Mz =206.7—91.2 = 115.5GeV

m,2114.4 GeV @ 95%

CL

and background only hypotheses to
data
7 L LEP 200200 Gev Tight .‘go.lz 3 (1 Observed :;m_)“‘(k‘.k:
+ Data = - Expected for background
6 Background 'g 0.1 Expected for signal
oo 0i's . Skgnal (115 GeV/c)) z
e Probability densities determined < = Z |
using toy MC experiments whose e g 3. |
event makeup vary according to s |oom O £ |
statistical and systematic : “J‘ | "
uncertainties , | } M
0 "0 a0 e s 100 120 —‘0-15_““-'1'6“:‘:.'-5"’ 0 S TR
m rec (GeV/ic?) o -2In(Q)
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Tevatron an

® Tevatron - energy frontier accelerator

for nearly 2 decades ST
e pp collisions at Vs = 1.96 TeV Booster . Vs =1.96 TeV

. DO L=
Tevatron '

i =g

Main Injector
& Recycler

—r

#Fﬂmﬂab pp Tevatron Co ider

e LHC - will probe Terascale

Vs=14TeV | phenomena as energy frontier

machine for the next decades

e pp collisions atVs = 14 TeV

Geneva, Switzerland
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Tevatron Detec

Forward Mini-drift | Central Scintillator | | Forward Scintillator
. . g chambers
® DY - Liquid Argon and Uranium g T e
Scintillator sampling calorimeter wsmemgng§ et T A I

® Silicon Microstrip and Fiber tracking

® Good muon coverage |[n| < 2
n = -In(tane/2)

® 2T magnetic field

New Solenoid, Tracking System
Si, SciFi,Preshowers

+ New Electronics, Trig, DAQ

e CDF - Lead Scintillator sampling
calorimeter

e Large tracking volume + silicon

e Muon coverage [n| < 1.5

e 1.5 T magnetic field

SVXII + ISL

Muon chambers/scintillators
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| HC Detecto

CMS T 0% |

i g zua?aasnm &
B
| e -

g

- Lead Tungstate crystal EM
calorimeter

- full silicon tracking

Total Weight - 12,5001

2 by | Detector characteristics %g: E:;::e' ;‘?gm cal MS-PARA-DO1-200057 PP
Muon Detectors Electromagnetic Calorimeters - & | Width: 44m Magnefic Field  ATesla
A f 4@ | Diameter: 22m
' = | | weight: 7000t
Solenoid \ CERN AC - ATLAS V1997
Forward Calorimeters

< f Al 1 / End Cap Toroid

ATLAS

- liquid Argon calorimeter

- muon coverage to |n|<2.5

Barrel Toroid Inner Detector Shielding

Hadronic Calorimeters
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Tevatron Perfo

Run Il Integrated Luminosity | 19 April 2002 - 17 January 2008 |
3.6 I
3.4 H 3.52 _,/J
3.2 - J
® D/ero RunllB 30 Rﬁ . >
upgrades: L1Cal/ i il i L Y
L1CalTrack trigger 24 A
and new silicon 22 AT t
. e : . . 5 -
layer added to inner S.. | app.Jmax data analyZed /1 /A
tracking detector 8 e L e i I A= > DAl
E U i i IIS ,D Cial i ,_/"’ / \
€ 1.4 4 —
3. N1 slope
1.0 //// ”cha g€
0.8 f//
1
Ej .’”.f"/’f_ — Delivered
0 | ___,.r::*‘/" — Recorded
0.0 =T

o
g
=3

r- Jul- Oet- Jan- Apr- Jul- Oect- Jan- Apr- Jul- Oct- Jan-
04 04 05 O5 O5 05 06 OB

time

Trigger upgrades ensure high trigger efficiency at high instantaneous lumi
Silicon upgrade provides better b-tagging
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L1Cal2b Upgr

® Upgraded tri ﬁer electronics provide better digitization and allows for
sophisticated hardware (sliding window) algorithms including
clustering at Level 1.

® New features include triggers for jets, taus, isolated electrons, missing
Er, and topological triggers, e.g. acoplanar jets or back-to- back
electrons

2 g
§ [ i
Sl F o + Run lIb Triggers '
- > Run lla Triggers c;; .
Improved L1Cal2b algorithms %tz = | S50 S W —
allows us to run at higher 7" Reconstructed e, (6ev) " Reconstructed Missing E, (GoV
instantaneous luminosity with . :
. E ";-(C) ------- ’ M """""" E ,...(d) .............. W ........
no degradation (enhancement & .f = & . S . ‘?f‘g Tfﬂww ]
: 3 : “eor > ; vt
In some cases) in trigger i A0 0 B B R [ RuntioTaus |
efficiency Tty Aot | Runibgets |
c.?E c_-?i J‘: i
O coninucied KM B, (GeV) "7 Reconstructed Tau E, (GeV)

Nucl. Instrum. and Methods, A 584/1, 75-97 (2007)
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Higgs Search
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Higgs Produc

Vs =1.96TeV  SM Higgs production hep-ph/0607308

10° . g TeV II
Dommant production .
olfb] e

br a,c) gluon fusion; W
s b)Hi ggsstrahlung, —
10 ©
S,
AWz
Y -
) 10 e
q S W:Z £ t.b
WLZ"/ oo aq —+ tth - -}
\\‘ FeVALHC Higgs workimg growp 2 t. b F
g “H g L
100 120 140 160 180 200
o g ) q q m, [GeV]
g - \/
3, Wz
""" o H  For maximal signal significance:
q /"\W,Z - Higgsstrahlung or “associated production” searches at low mass
g N q q - gluon fusion searches at high mass
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Higgs Decay

e Higgs decays to pairs of
fermions or bosons

e Couplings to fermions
are proportional to the
masses

Branching ratio

01l 1+ ; e Selection depends on
——— ~ available phase space to
g ne | produce real particles

= ~ e Dominant decay

e b-quark pairs when
- mu < 135 GeV

e \W pairs when
me s Gy

1072

Exchuded by LEP

3 - - A A A
10 100 120 140 160 180 200
m, (GeV/c?d)
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WH — lvbb, | =e,u

Analysis Ingredients

® Selection of phase space

e want high acceptance, reconstruction and trigger efficiency for Higgs events

® Reconstruction of final state particles

e Simulation of background processes

e Normalizing the backgrounds and K-factors
e good modeling of the data needed for further analysis
® Analyzing the data with multivariate techniques

® |n the absence of signal, extracting limits

Sabine Lammers

Quest for the Higgs
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Phase Space

® Event Selection: WH — lvbb, I =e,u

- electron, muon pr > 15 GeV

- electron, muon |n| < 1.1, 2 n=-In(tane/2)
- missing Er > 20 GeV

- scalar sum of jet energies > 60 GeV

- 2 jets with pr> 20 GeV, |n| < 2.5

et with pr> 25:GeV i< 225

- single or double b-tagging

® Flectron Reconstruction

- EM fraction > 0.9

- shower shape requirement

- cone isolation requirements

- EM deposit matched to 5 GeV track
- likelihood requirement

® Muon Reconstruction
- hits in all layers of muon system
- scintillator hits
- track matching between central tracking and
muon systems
- isolation requirements

® B Jet Tagging

- NN algorithm based on 7 lifetime observables

parton jet

|

=l0010 )

Sabine Lammers Quest for the Higgs

{72



Backgrounds o

® \W+jets - any process that produces a r o0
W and light flgvor jets - _W—-<\'I
e dominant background before d —% .
requiring b-tagging Waiets . W*/\ |
V
e Wbb, Wcc - production of W and d— |
the heavier charm and bottom jets b
Whb b
e dominant background after b-tagging u "
® tt - direct production of top pairs >€={D<_
which decay to Wb q Ut t U q
e dominant background at high dijet > -
mass Y acp e
® QCD - pure jet events in which one W
jet mimics lepton signature —

e additional contributions from single ~_ /we N7 7 1@ Z°\<E

top, diboson and others d”  Single Top “Diboson” b
Sabine Lammers Quest for the Higgs 18




QCD instrume

® Jets mimic signature of electrons or muons
e electrons: jet has high electromagnetic fraction

e muon: semi-leptonic quark decay is mis-identified as being isolation

® Fake jet contribution can be reduced by requiring “lepton” to be
well separated from other jets in the event ARepton-jet > 0.5

® Independent analysis performed on QCD-enriched data sample to
determine probability that jets pass lepton identification criteria.

® QCD shape estimated separately for each distribution
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Results

e Backgrounds modeled by MC, normalisation B Lot W 2jets
scaled to NLO cross sections when available; G DO Prefiminary * Data
W-+jets normalized to data; (1w + jets
QCD background determined with data o Baco

[ |SM bkgd

® Data binned by number of jets, number of b-tags.
Most sensitive in 2 jet, 2 b-tag sample

e Signal to background ratio still very small after all

cuts

Events

60—

40

20

L=1.7 fb"
D@ Preliminary

W + 2 jets / 2 b-tags

® Data,
CIW + jets

mQcD

results after
+ b-tagging

150 200 250 300

Dijet Mass - 2 tags

good

Event

1000

20

0
mOdEimg W Transverse Mass (GeV)
of background

40 60 80 100 120 140

- L=1.7fb" W+ 2jets
- D@ Preliminary e Data
DW + jets
4000
Bacp
[ |SM bkgd

2000

100 150 200 250

P; of Leading Jet (GeV)
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Event Yields

W + 2 jets W + 2jets| W + 2jets|| W + 3 jets W + 3jets| W + 3 jets
(1 b jet) (2 b jets) (1 b jet) (2 b jets)
WH 9.92 + 1.44 394 £ 063 | 232 £ 044 [[2.43 £ 042 [0.95 £ 0.18 | 0.539 £ 0.12
WZ 645 £ 90 38 £ 6 76 £ 1.34 || 153 £ 24 10 £ 2 24 + 0.5
Wb 1352 + 346 441 £ 117 | 91.7 £ 26.0 || 433 £ 118 137 £ 39 33.9 + 10.0
tt 348 £+ 83 139 + 34 53.8 £ 14.3 || 596 £+ 152 238 4+ 63  |122.4 + 34.3 -
Single top 189 + 37 78 + 16 19.4 + 4.4 62 + 13 25 £ 6 10.1 £ 2.5 =
QCD Multijet 2008 + 436 193 + 36 10.8 + 3.3 [[1051 £ 158 87 + 16 12.2 + 4.7
W+ jets (light,c) |[28013 £ 3181 470 + 137 | 209 £ 6.9 [|5332 £ 836 132 + 41 11.5 + 4.0
Total expectation[[33458  (n.t.d.)[1360 £ 187 [204.1 £+ 31.0 [[7627 (n.t.d.)[630 £ 86 [192.5 £ 36.3
Observed Events || 33458 1403 193 7627 570 173

® Table summarizes the number of expected events for Higgs events
and all background processes given all cuts in different jet/btag bins

® W+2jets samples used for analysis, W+3jets samples used for control

e [n most sensitive bin, S/N(S+B) = 2.32 /N204.1 = .162
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Multivariate Tec

® Neural Networks

e exploits correlations between kinematic
properties of event objects

e “trained” on reconstructed variables in
signal and background MC samples to find
correlations

e run on data to identify events with high
signal probability

® Matrix Element Discriminant
e use LO matrix elements to calculate event

probabilities
Decision
e for each event and process, integrate ME R Tree
over phase space including efficiency and x<a/ \x>s

resolution functions @ “— Node
%<b X > b

® Decision Trees S
e similar to neural networks, classifies events Branch
as more signal-like or background like s

Different techniques usually give comparable improvement in sensitivity

Sabine Lammers Quest for the Higgs 0




® Neural net discriminant tuned to further g [louw W 2jets/ 1btag
enhance signal and background separation @ *° P@Prefiminary W sets
EQCD

pT(jl) I + B

e FEvent variables are inputs: p:Giy)

115 GeV (x10)

.o \\‘\_\
e NN trained on subset of AR()_ -0

T

background samples, but 20—
() —

run on all backgrounds

M(JJ) 02 04 06 08 1 12 14
; |,ME.) NN output - 1 tag exclusive
® Systematics PrllME+) e
; § . . "2' T L=1.7fb" W + 2 jets / 2 b-tags
® |[uminosity and normalisation S | g Preliminary * Data
w COW + jets
w0 macD
o D backgroun imation : i
QCD background estimatio | 2405

115 GeV (x10)

® input background cross-sections

20

e jet energy scale, dijet mass resolution

e b-tagging, lepton-id

0.4 06 08 1 1.2 1.4

® Final result determined from fit to NN output NN output - 2 tags
Sabine Lammers Quest for the Higgs )




Final Result

8 [ WH-lvbb

|§ 105 ____——D§’05 (174 pb ' PRL)

T n CDF "06 (320 pb, PRL)

E : Preliminary

o CDF: Neural Net, 1.7 fb ™’

X observed () and exp. (- - -) limit

f 1 _;-..F..;i..i...r _________________________________________

= = DrE:mNneauyral Net, 1.7 b

T : observed { ___) and exp. (- - -) limit

Ko =

=R N

b 1 -----------------

10 =3 Standard Model ™*~-...__
TIIIIIIlIIIIIIIIIIIIIIllllb:hr.l-"lﬁl.lllllllllItllll
105 110 115 120 125 130 135 140 145 150
Higgs Mass (GeV)

Result: Limit/SM expectation ~10 for my = 115 GeV

WH — vbb, [ =e, u
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Summary of

Channel

Lumi /Technique Final state

#chan.

WH-Iv bb

1.7 fb—1 / NN

e/u, 1b/2b

2%(2+2)

ZH->I1l bb

1.1 fb~1 / NN

e/u, 1b/2b

2+2

ZH->vv bb

0.9fb—1/ NN

Z->vv, W4 (2b)

HoOWW*

1.7 fb—1 /NN

ee, ey, juu

2*3

WH-oOWWW*

1fb—1/ 2D LHood

ee, ey, uu

Total of 23 D@ channels combined (tau-channels not included yet)

8

Sabine Lammers
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® Current state-of-the-art limits on Higgs production for my < 200 GeV
per experiment

CDF
CDF 11 Preliminary D@

T S S ' . ' :
E ....... Erpectod WIS S [TSMHidgs Combination - = Observed Limit |
b : {::::.‘lem'u“m I% WPI’E"MN\HW, '” S1.(1D ——— EXpOCted lelt :
- — P c— £
E ' - .’1::::’.5"»7"“... :T
- i z P
w— CDF for 1:1.9/1 X 10 i‘—"hﬁ*‘ ])ﬂ."'c:‘::
J ------- Expected CDF ¢ 1o % ” o drontits N :
3 g %( N >
L = =
. S 1
£ Stangard Model2- 1,0
3
110 120 130 140 150 160 170 180 190 200

120 140 160 180 200 m, (GeV)
Higgs Mass (GeV/cz)
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o 2 10 2 :::::::::'::f::::f::::ff:'::::'::::::::::!:::::::::::::t::::::::::!ﬁ::::::::::::Zj::::::::f::::::J::Z::::::::::::t:f::::::::::::

® Nearly at r]?quwed N i S—— CDF Expected S
sensitivity for my = = > N N N ]
160 GeV% Look for & [ N o p— Did Bxpected. .. 1
tantalizing results at j """"" e naes Tevatron Expected - {38
upcom l ng U 10 B N
Conferences (maybe & .. :::::::::::::EEEEE:::::::::::::::::::::::::::::
even Moriond ‘08). & i

D0 and CDF 5
sensitivities are 1 o SM
Iargelysimilar, ]
differences can 110 120 130 140 150 160 170 180 190 200
appear as each mH(GeV/Cz)

experiment updates
their analyses

Observed limit @ my=160 GeV
- 1.4 times SM expectation
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Tevatron Pro

e ==—g5% GL Limit -

- = 3-¢ Evidence

o Including data taking efficiency,
projected full data set will be

e 5.5 fb-1 by end of 2009
e 6.8 fb-1 by end of 2010

~ 2010
— 2009

Analyzed Luminosity / Experiment (fb™)

mu = 115 GeV will be factor x2 higher ‘e

S 110 120 130 140 150 160 .1;0l l‘18[)
than current for full dataset M (GeVIe)
® Improvement from 2005 -> 2007 was
faCtor 1 '7 : -~~~-:—3-0Evidence

e Several possibilities for improvement:
e Better b-tagging with Layer O
e dedicated group studying dijet mass
resolution
® many gains to be made in acceptance

e implementation of multivariate
techniques

Analyzed Luminosity / Experiment (fb™)
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Higgs Search
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Higgs Produc

All cross sections go up by 1-2
orders of ma%nitu e (backgrounds
go up as well)

Still dominated by gluon fusion

Relative Vector Boson Fusion rate
much higher than at the Tevatron

[ \ HO

HO

WW, ZZ fusion ™9

SM Higgs production hep-ph/0607308

10°
LHC
o[fb]
10*
108
99 = Wh
102 s
gb —> qth “_——_b—\‘-—-\.——-_
~ qq—+Zh~Tr—  —_—
TeVALHC Higgs workag procp ’--.A_k__.n -
100 200 300 400 500

Branching ratio

10

Exchuded by LEP

3 . R R ,
100 120 140 160 180 2
m,, (GeV/c?)
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) B A R ;:: - -L H - yy
e Highest sensitivity at ATLAS is for : oo L T
VBF production in the tau channel g 4| ATLAS R
for my < 130 GeV and In the W gn s qqH - qqre
77) Total significance

channel for my > 130 GeV.

analyses not'—

)
O -1 -
CMS, 30 fb ;
S IR <« directly
= 1A comparable
D10 i\ |
w ! kAR
[ v A \ 1
BRSNS/ , 100 120 140 160 180 200
s '. ?‘.‘Z AR i mH(GeV/cz)
AN | o H-syy cuts
| l e, Hy ot | e CMS has better sensitivity in H->Yyy,
AL e Howwo2lay and excellent sensitivity in H->ZZ
T | T 9, HoWWSh except for the window with
~— qaH, H—otr—l+jet
= qgH, Hyy AN R e ALl
Yoo 200 300 400 500600
M., GeVi/c
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Vector Boson

Y
Y

® W or Z radiated from each of the incoming
quarks, produces a central Higgs W,Z ’

® Topological feature of quark jets produced

very forward increases sensitivity W,Z
® |ntroduces possibility to veto on jet activity in
the central region to reduce backgrounds
0005 — 0008 —
5 - 5 -
é‘om go.os +
go.oa AN ++++ g HJ‘ ‘
éﬂff} S F o 0.04 'y '.«J’LJ L
o~ ' L .-I ’ ! ! y
0.02 ¥ r& M’J ¥ q{L - A mL:_
i ’:"21} ot +-‘ : b - %
. P N - " 5 -
0.01 ,H : o i oo & B wﬂr
5 ‘_-' . 41 ; ) r',* o &
o o pavee e “q:_‘__
-4 2 C 2 0 2 4 6 8 10
n An
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® Production of W,Z or Higgs by weak
boson fusion process (i.e. not gluon
induced)

® Testbed for VBF search methodology
being employed by LHC searches

® Validation of VBF-produced W, Z
standard model cross sections

® Currently studying W production, where
dominant process is W-y fusion.

new analysis

® Event signature is similar to t-channel at Tevatron
single top or WH production, but no b-

tagging.
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® Phase Space Selection

B o b 15 Gev muon channel
_muon |n| < 2 only so far

- missing Er > 20 GeV
- 2 jets with pr> 20 GeV

® Similar backgrounds to WH

W-+jets - dominant
Wbb, Wcc
tt and single top

s §—

Diboson

QCD d % "Diboson"<
W+jets )% I+ ’

d Single Top
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Signal Mont

® NLO production cross section ~2.4 pb

® VBF can be simulated with Herwig, Sherpa,

VBENLO

® VBFNLO fully

flexible MC that generates
event files at LO, cross sections at NLO. Has
very good control over theoretical

uncertalntles.l
2'3*7 Y ———e—T T e ————
24} Myy > 130 GeV ]
= solid: NLO pp=pg=€my
22} dotdash: NLO up=¢my
. . dols: LO =fm
_:, 20k - Hy ¢ v
L .
+]
: ..
18} - T e
- .-'
18}
r _
14 - - - ! Il 1 . 8
0.1 02 05 1.0 20 50 100
¢

q

5 Total inclastic
D)
~10°
E
-;;, . - mb )
> 10 bb
E
~ 107 Fub
W
16*
- nb
|6|0 Z
i1

|3

VBF W production- K‘

10 Higgs (ZH + WH)
- fb
16'°
| 120 140 160 180 2
Higgs mass (GeV)'c
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VBF - W prod

® Several topological features which
distinguish VBF from SM backgrounds:

® Forward jets => large An

e Forward jets => large dijet mass

e harder jet pr spectra

number of events

numberof exents
g8 8§
1 I 1

g

soo;-
sooé—
s00f-
3002—
2ooé—

100

1

Tl’[ltl]flnl17

T
Missing Er

- 3 2 3 1 s 240 ..,4
20 40 &0 80

100 120 140 160

dijet mass

_ VBF
--- SM Backgrounds

[P
100

PR T S T " L
150 200 250
pt [GeV]

second jetpr

number of events
N
S

g

200 300 400 500
100

504

w
8
T17

N
3
T !
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Neural Netwo

sl Ao o I SOE s S 1 e e e
i) 5 e TS il R e =

® Shape spectra differences between WBF and other SM processes
make VBF ideally suited for multivariate approach

® NN trained on all simulated background samples and VBFNLO

signal sample

® Currently being studied/optimized

Anjets
Masst
ot \

missing Er

s o
e 500:

T
--- SM Backgrounds

L 600

400
300
200}

100}

— 02 04 06 o8 1.

NN output
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Generator Is

VBF very sensitive to correct modeling of jet emission angle

Different generators show non-negligible variation in jet n.

arXiv:0706.2569
Alpgen 0-4 1 1 I 1} 1 1 1 0-4 l 1 I ] I L 1
= most common MC £ 03 @ sdmeml 1 s os (b) ey |
used at TeV for 3 Y " I g™ g
. 2 0.2 ;::T A!men -t.: »— 2 0.2 ].-*—-—“ :L N
modeling backgrounds & fRaehe = q4 = * -
. =01 MadEvent - 1 = o l
s employs MLM matching . Shoma .
0.4 r f . } t } } } 0.4 — f ; } } } }
02 |- - 02 F . 5
0 3ttt Sagpes 0r ST AR S -
02 | E 02 | : :
_0‘4 1 1 1 1 ] | 1 0.4 1 1 1 1 1 ] ]
Sherpa 2 -15 -1 05 0 05 1 15 2 2 15 -1 05 0 05 1 15 2
- can simulate VBF ™ "2
- uses CKKW matching 0.4 T 04 —r———————
- being studied at LHC o5 @ ot 1 e oal @ L opemntii |
g ";.'H?‘ --------------- e g § lz[_"', ‘ 4:;‘-1
8 %) Suleg] B 3 e,
= 02 . q = 02, "o
-9 13 Q _I .
= o1 {1 T o1 -
[ ] 1 1 1 L L L L 1 1 L L L L Il
Crucial to S S S 7 N A S
02 f NS AR - g2 P~ T T e Ut k
understand for 0.4 1 1 L 1 1 1 1 0.4 1 1 1 1 1 1 1
2 15 -1 -05 0 05 1 15 2 2 15 -1 05 0 05 1 15 2
VBF measurement! ns ne
Sabine Lammers Quest for the Higgs o0



Ongoing Inves

® Neural network optimization for separating signal and background
e adding observables
e optimizing background samples for training
e Forward jet description difficult for LO generators
e Correct inclusion of all diagrams by chosen generator?
e Color connection between forward jets and proton remnant can get hairy
e Different parton showering schemes
e Scheme chosen for matching matrix elements and parton showers

® Validation of forward jet tagginﬁ and mini-jet veto. VBF Higgs searches
at LHC rely heavily on this method.
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Summary and

® Higgs Searches at the Tevatron and LHC are among the most exciting
work being done in HEP today.

® Tevatron sensitivity is improving faster than the increase in luminosity
due to intensified efforts in lmprc.)vmgl reconstruction efficiencies,
triggering, jet resolutions, b-tagging algorithms, and more.

® | HC is the only place that will unequivocally discover the SM Higgs
Boson (if it is there!), but the Tevatron may get a glimpse of it first.

® Tevatron is a good testbed for search techniques employed at LHC.
® Many important lessons to take from the Tevatron
® QCD can be very difficult to model accurately

e Multivariate techniques for object ID (like b-tagging) and event
selection perform extremely well.

® Choose multivariate techniques that are complementary

® Understanding VBF physics at the Tevatron will be useful for validating
LHC Higgs searches.
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Backup
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Deriving Limi WH — bb, [ =e,u

Example (idealized) LLR distribution
0.1

5 y . : ¥ ; - — _Signal+ Background
® Limits derived using semi-frequentist 009 | " Background
CLs method where test statistic is 2007 |
SR = -2 LogQ = Log[P(s+b)/P(b)] §o.oe s
2005 | /"’\RQ% Interval
i e , S i «—>
e P are probability distribution T
functions for the signal+background el
and background only hypotheses - f _95%Interval
e P are populated via random Poisson T e
trials with mean values given by the
expected number of events in each LLR
hypothesis. =" DG Preliminary, L=1.7 fb"

WH- | v bb

e Systematic uncertainties are
incorporated by varying the expected
number of events in each hypothesis
according to the size and
correlations of the uncertainties

i b v L | | |
105 110 115 120 125 130 135 140 145

|||||||||||||||||
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B-Tagging

® Several approaches:

» soft lepton tag Vertex Tagging

g (transverse plane)
» IP based tagging
» secondary vertex reconstruction

® Most DO analyses now use neural | f
network discrimination for b-quarks e paramater (dca) ‘- ecay
- large improvement over individual Hard Scatter Lengh (L,,)
taggers
Tagger
- Loose 70% eff, 4.5% mistag . NN
- Tight 50% eff, 0.3% mistag = | tﬂ'ip
: 3 ! S 70 I
- WH: Tight,Loose operating points : | P L
Combine in Neural Network: 5 60 e
* vertex mass 4 //
* vertex number of tracks pd
* vertex decay length significance
* chi2/DOF of vertex
* number of vertices
* two methods of combined track 30,
impact parameter significances E.'I. ) .|. — PT|>‘53T“<||"|<2|4 ..iI...
0 05 1 15 2 25 3 35 14
QCD Fake Rate (%)
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*Neural-net based |ID

*Performance (for p; > 15 GeV):

*3 NN's for three distinct t B TauType| 12 3
es. ) «hC . | Reconstruction
typ “RTypel —saen Js |15 10 38
7t TRK + CAL N _ 'n '|‘|l”" Taus 91 50 20
Typel _— i L L W g NN> 0.9
* < Jets | 004 02 08
.~ Taus | 58 37 13
.*7T noTRK,
x° < but EM
Type 2 , o< o .y sub-cluster
& < \ .
g T TRK + CAL
\'1
| _~ = | > 1 TRK +
. ;./..’.’f- e ‘ i
= — - ———e X~
.,
Jet-Background . >1TRK + ) . :
© % wide CAL *Validated with the Z's (the first Tevatron
Y > w= % Ccluster + .
Q&= . o | emsub Run |l Z cross section measurement)
—— x5 cluster
Sabine Lammers Quest for the Higgs 45



LHC Jet Effic

e Studied in MC for LHC VBF Higgs 3 ‘
. O 08 PO
production PRt
® Never studied with real data! o4 -
L4
’ 0 2 4
n
g ¥ o
l‘\:'g‘ ;
. a, &
W
\8-_ .
0 _———‘n-—-—-!:b‘:\‘ a‘&- .

0 20 40 €0
P, Veto Threshold (GeVi/c)

Fig. 2. a) Efficiency for meonstructing a toy jet with Pr >
20 GeV /¢ which orginates from a parton with Pr > 20 GeV /e
as a function of pseudoraprdity 1 of the parton. b) Probability
Jor finding at least one jet from prleup events in central rapadaty
intervals in the ATLAS detector as a function of the Pr value
used in the jet definition. The dashed curves connect the points
Jor pseudorapidity tervals |n| <I1.5 and 5 <8.0 for low aend
high LHC luminosities.
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---

IVBF H->taut

N [ N 2 iggs =
® Projected Higgs signal 3 G 7 Tecvond 9| 3 [=on
Bty = 160 GeVifor ¢ 'f =™ ¢
tight and loose 3 3
o o 0.75
electron criteria s :
3 05 3
0.25 05
0 50 100 150 200 250 0 100 200 300
M, (GeV/c?) M, (GeV/c?)
E 8 Ll Ll l Ll L ] T Ll I Ll lj lﬁ{ 6 [ T_
; > aq —> qqH
wn 7 mH—120 Gev__ 3 5| H = 777 — lepton + T jet
g 6 —: 2 , m, = 135 GeV/c?
s 1 % CMS
4 |  tLWWEW- 33|
] o
3 E :-"3 N
2 - & |
: . & 1
1 ¢ = :

80 100 120 140 160 180 60 80 100 120 140 160 180 200
m_ (GeV) m,.,. (GeV/c?)
Tt
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L1Cal Algorithm

Introduce clustering algorithms at L1: high efficiency, low latency

Jet Algo Tau Algo
Jet Cluster EM+H Isolation
O —

EM Obijects:
S 2X1 EM TT sums ROI / Tau Cluster
ROI I 1 I
- . LSOIadtI'On retgtlons defined e
e EM+HAD trigger sums ync Bl S Sl el ® narrow jet
* 2x2 LM EM Algo e ratio of core 2x2 £
e 4x4 TT geometry EM Isolation EM/HAD Fraction to 4x4 sum
e EM+HAD
phi :
energies

ROI / EM Cluster
eta




L1Cal Algorith

Topological Terms:

e Back-to-Back EM objects

e Acoplanar Jets
* Jet Free Regions

Also missing Et, scalar Et
inclusion of ICR in algos

ACOP_JET(54) ANDw/ CJT{2,4)

Easi

Up
(»=1 Jet wy threshe=4
+ no Jets wf threshe==4 In opp. 5 phl's) a 7
{1 of 32 config’s to be ORed) 9 6
10 5
1
12 3
13 2
14 1
West | 15 0
16 31
17 30
29
28
27
26
23 24 25
Down

DIEM_B2B(3,4)

u
(Back-to-Back EM Oblects w/ thresh 4) P
[ORed w/ CEM(2,4)] . 8 7 .
{1 of 32 config's to OR) 10
11 4
12 3
13 2
14 1
West | 15 01 East
16 2
17 30
18 29
18 28
27
26
23 24 5
JET_FREE{8,4) Up
(8 contlg phi-slices w/ no Jets over thresh 4)
{1 of 32 config’s to OR) 9 8 | 7 B
10 5
1 4
12 3
3 2
14 1
West | 19 0 East
N
30
29
28
27
26
2a | B

Down




