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Electroweak Symmetry Breaking

* Electroweak symmetry breaking lies at the heart of the
extremely successful Standard Model

- required to give masses to the gauge bosons W and Z; also a
way to get masses for chiral fermions

- much BSM work has revolved around the details of EWSB

¢ couples W, Z gain mass
toW, 2z terms
Some field(s) ¢
get a vev
& couples fermions gain
: mass terms
to fermions
(somehow)

The SM Higgs mechanism is (one) implementation of this scheme
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Why the SM Higgs?

* |t's cheap (one scalar doublet, one free parameter)
* |t's consistent with all available data

e Usually one MSSM Higgs = SM Higgs

* |t's a useful benchmark for developing searches for
gauge boson resonances
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Knowledge before the LHC

neglects correlations
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Global electroweak fit favors low mass Higgs
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How to Make a Higgs

Heavy particles needed.

Vector boson fusion

Associated production

Dominant - H
7
in e"‘e‘ \ x

Loops (gluon-gluon fusion)

F-—-- g q
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N
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g
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LHC Higgs Production

S \s=7TeV -
=10k -
>§ - vector boson gluon-gluon fusion =
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At 14 TeV, rates are 3x-10x bigger
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Higgs Branching Fractions

LHC Higgs WG
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LEP exclusion / N N
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BR(H - WW) ~ 10% (or much higher) in entire LEP-allowed region
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Motivation for €vev

Less boosted objects More boosted objects
Harder todoqq, Z > wv Can discriminate qq, Z > wv
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Low Mass WW/ZZ

How does H - WW or ZZ happen for m , <2m,  or 2m_?

* One of the gauge bosons is a virtual W* or Z* with a low
mass.

 |ts decay products will have low momentum.

—> Asymmetric lepton momentum selection

W*— /™ low momentum lepton

low mass W 14 less missing energy
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H->WW - 2vlv @ LHC

* Signalis 2 leptons + missing energy, and 0 or 1 jets (top
production typically gives > 2 jets)

* Worst background is continuum pp -> WW. Higgs signal
differs from this in mass and angular distribution.

e Other backgrounds:
- Z+fake missing energy
- top
- WH+leptons from hadron decays 4.7 fb! analysis
~ pp > WZ/2Z/2v/Wy ATLAS-CONF-2012-012
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Angular Distributions

* His a scalar, the daughter Ws must have total spin O.

- Chiral decays to leptons = lepton angular correlation
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The LHC

LHC LAYOUT

Low B (pp)
High Luminosity

Proton-proton collider at CERN in Geneva, Switzerland CERN AC _12.4A_V18/9/1997
2011 operation: collisions at 7 TeV center of mass energy
2 general purpose experiments: ATLAS and CMS
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2011 LHC Performance

6 LHC 2011 RUN (3.5 TeV/beam)

—eo— ATLAS 5.626 fb~!
—A— CMS 5.714 fb™!
l—— LHCb 1.217 fb~!

—o— ALICE 4.877 pb™!
4 | |PRELIMINARY

Very successful runin 2011 at 7
TeV center of mass energy

> 5.6 fb! delivered to both ATLAS
and CMS

We had to adjust to significant
changes in beam parameters over
the year

Delivered integrated luminosity (fb~')
)
T

Mar Apr May Jun Jul Aug Sep Oct
Month in 2011

[genera ted 2011-12-01 19:25 including fill 2267)
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ATLAS Detector

25m

\ Tile ctorime’rers
: LAr hadronic end-cap and
forward calorimeters
Pixel detector

LAr electiromagnetic calorimeters

Toroid magnets
Muon chambers Solenoid magnet | Transition radiation fracker

Semiconductor tracker
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Peak Luminosity per Fill [10 ** cm2 s

ATLAS Data-Taking
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4.5 ATLAS Online Luminosity \s=7Tev - 75 ATLAS Online Luminosity \s =7 TeV -
4 - LHC Stable Beams E - [ LHC Delivered ]
. g_ Peak Lumi: 3.65x 10°° cm?2 s Y _g 6 . |:| ATLAS Recorded -
3 E_ . rfé:. _E 5= Total Delivered: 5.61 b .
= Peak lumi . - Total Recorded: 5.25 fb"! 0
- * ’ -
25- . E " Total lumi E
= o - C 7
o O E sE otal lumi E
1.5F 3 = t :
- ] - — ]
1= e . E : .
0.5 i_ ; * $ * _i 1:_ _:
= P VI ; P R ;. L | ey L - 0 IR —— v v Py T
28/02 02/04 05/05 08/06 11/07 14/08 16/09 20/10 22/11 28/02 30/04 30/06 30/08 31/10
Day in 2011 Day in 2011
Inner Tracking Calori v S .
Detectors alorimeters uon Detectors agnets
Pixel SCT TRT t’:‘/'l' ﬁ:"o ka/ro Tile MDT RPC CSC TGC Solenoid Toroid
99.8 996 99.2 975 992 995 992 994 988 994 99.1 99.8 99.3
Luminosity weighted relative detector uptime and good quality data delivery during 2011 stable beams in pp collisions at Vs=7 TeV between
March 13% and October 30" (in %), after the summer 2011 reprocessing campaign
Percent of data good for various subdetectors
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Pileup: Multiple CoII|S|ons

To achieve luminosity, multiple

T—g 104 ATLAS Online 2011,\4'_—7 TeV ILdt=5.2 fo
collisions are allowed in one bunch g 10 — Br=10m <p>=116
. . £ 10?2 — p*=15m,<p>= 63
crossing: extra energy in detectors, 5
additional particle tracks £
& 10"
Detectors may have memory of 10?
] ] 10
previous bunch crossing
0O 2 4 6 8 10 12 14 16 18 20 22 24
. . Mean Number of Interactions per Crossing
Degradation of resolution for
: '_'1 0""I""I""""I""I""I""I""IIIIIIII =
calorimeter measurements, S " ATLAS Préiminaty {anz
L. . = 120F Vs=7TeV, Data 2011 —_;mxj
collision position A e
=
=2

<E

- And an effect on reconstruction
CPU!

Handled by data-driven techniques
and simulations

2012: expect mean of 30 or more!
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Event Preselection

 Two oppositely charged isolated leptons (e, u)

* Triggers:

Leading lepton p_> 25 GeV; subleading lepton p_> 15 GeV (p)

electrons allowed with |n| < 2.47 (excluding a barrel-endcap
crack region); muons allowed with |n| < 2.4

lepton tracks must be consistent with primary vertex

leptons must be isolated from other tracks and calorimeter
energy

Electron efficiency: 71%
Muon efficiency: 92%

- Use unprescaled inclusive single lepton triggers with full

27 Mar 2012
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Understanding at Preselection
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The METRel variable

* To suppress fake missing energy near a lepton or jet, the
“relative” variable METRel is defined:

miss { E-I;ﬂss if A¢p > n/2

Teel =1 EMSS.ginAg  if Ag < 71/2

where A is the smallest azimuthal angle to a lepton or
jet candidate.

* Preferentially selects a topology where the leptons are
near each other.
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METRel Distribution
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ETver [GeV] ETve [GeV]

 MET resolution very sensitive to pileup

e Modeled well in our MC
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Channel separation

Same-flavor channels have large Z/y* backgrounds.
Looser cuts can be used in ep.

up/ee:

. M, =M | >15 GeV
[orthogonality to ZZ > 282v] * METRel > 25 GeV

 METRel > 45 GeV

eu:

« M, >12 GeV [remove Y] « M >10GeV

[remove sequential B decays]

27 Mar 2012
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Additional Topological Cuts

O jet events: 1 jet events: 2+ jet events:
e p.(l)>30GeV ° b-jet veto (80% * 1 jet cuts, plus
[Z removal] efficiency) [top removal] 2 tag jets with opposite
e p.(ll+jet+MET) < 30 GeV n, |Anjj| >3.8, m, >500
[below threshold jet GeV
veto]

* No additional jets with
e Z - Ttveto In| <3.2

Common (m, <200 GeV) :
e M, <50 [top, WW, Z removal]

« Adp, <1.8rad
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Z/v* rejection:
Require missing
energy

Less important
for en

27 Mar 2012

Events / 4 GeV

Events / 4 GeV

H—-> WW (low mass)
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H—-> WW (low mass)

Top rejection:

Require O or 1 jet, or 2+ jets
events consistent with
vector boson fusion

In 1+ jet bins, impose a b-jet
veto

27 Mar 2012
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H—> WW +0 jet (low mass)

Y

% 8()0__LIIIIIIIIIIIIIIIIIIIIII|III|IIIIIII|IIJt
C H— —- Data %% SM (sys@stat) -
‘3 —00E- ATLAS Preliminary g ' g wzzzw,
- ~ \s=7TeV,[Ldt=47fb" E i % Single Top
=~ B * Z+jets W+jets
% 600:— HoWW! Siviv + 0 jets ] H {125 GeV]
< -
7
5 500F

Lol e

0 20 40 60 80 100 120 140 160 180

Z/v*, WW rejection (0 jet):
—> Require m <50 GeV
- Require Ap, < 1.8

— Require large total momentum
of two lepton system
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Events / 10 GeV

WW Normalization

* Define control region by releasing A cut and requiring
m, > 80 GeV for ey, (M, + 15) GeV for ee/pp

* Float normalization in the fit in both signal and control
regions, connecting them by a MC-derived ratio of WW

yield
QO T ARRRRARRERS
805_ ATLAS Preliminary
E \s=7TeV, [Ldt=4.7fb"
70 Howw!Ssiviv + 0 jets
60[-
50F-
40F
30F
20F
10F-
50
27 Mar 2012
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Z/v* Normalization

e'! Jet

S 80 ~ " . l|| | Tuli T T 16003
8 — 1 . [ ' o ' ]' ' . [ 1 . . 5
ool | e pe -‘_} ATLAS PFreliminary 14003
£ & — : ' NN 1 " ! =I I| (]
%lj_ 60: 1 L] TR - '\='s|=7 Tev- 1200§
7 1 ! ‘I 1 i .1 —
= I|l ' III' j th - 4.7 Ifb" 1
- P Y, '
50— | et 't —1000
40— ' "800
30 :_ M | Tha - ! ' o _600
: "|I 1 :I Il ll ' Irlll .
20 :_ EI I' ! v |l 1 b [ 1] 400
1 0 :_ ﬂ I:I|.: L IlllII b -.-I-l II‘“ {I . 200
E ' 1 I II: In ;II II II .I.m
0 SRR LA ] 0

b 20 40 60 80 100 120 140 160 180 200
me, [GeV]

Assume m and MET are uncorrelated after all cuts except A, ; then take
A, pected [signal] = (C/D) x B
Assign systematic uncertainty from how well this procedure works in MC
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W+jets Background

..§ 0.05p L L I T rrT T _.§ 08 T T T T 1 T T LA N B B B D D B O
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- pb 1 0.7 P
Q - —=—— Stat Only = Q "'f ——=— Stat Only ]
LcE 0.045— —=—— +Real Lepton Contamination _E uq_j 0 6:— ——=— +Real Lepton Contamination -
c0.035 —— +Rgn Depgndence = -~ | —=— +Run Dependence ]
O - +Trigger Bias ] = 0 5:* +Trigger Bias B
2 0.03- —=— +Sample Dependence(total) E S [ —=— +Sample Dependence(total) ’
Lo 0251 = 0.4 -
C g ] - ]
0.02 ] - ]
- l ] 0.3 ]
0.015F_i_. [ I N B .
= l —_— | ] 0.21 | -
0.01 l T I ] B * i
-1 . = g ™
0.005F | = : Ol E
O:I 11 | I I | I | L1 11 | L1 1| ‘ L1 1| ‘ L 111 F 0:| L1 | 1111 | 1111 | 1111 | 1111 | I N | 1111 It
20 30 40 50 60 70 80 20 30 40 50 60 70 80
p; [GeV] P, [GeV]

jet & lepton fake rate estimated using multijet events

Determine a “fake factor” ratio between low-quality lepton candidates and ones that pass
our cuts

Then find events with one tight and one low-quality lepton and scale by fake factor.

Systematic uncertainty 30-100%
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Top Background

1 jet events:

* invert the b-tag veto, use known tagging efficiency.

0-jet events:

e Estimate a jet veto probability from dilepton + MET events

with one b-tagged jet:
P. = N(Il+MET+b tag+0jet)/N(lI+MET+b tag)

* Take 2-jet veto probability
P = P12 x correction factor from MC

* Then O jet estimated top background is
P,x (N(Il + MET)___— estimated non-top backgrounds)
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WW + 1 jet top control
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Major Systematics

* As we constrain WW and top backgrounds with control
regions, the major systematics are in the extrapolation
factors to the signal region, and in the expected Higgs

cross-section

Background yield systematics, m = 125 GeV hypothesis

Background O jet

WW 10%
W+jets ~60%
/+jets 56%
top 23%

WZ/ZZ/Wy  25%

27 Mar 2012 Peter Onyisi
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Run Number: 179804,
Event Numbe : 71334854 |
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H—-> WW events

>
s "
We look at a “transverse mass” variable E
(defined independently of mass
hypothesis)
m = \J(Bff + PR = (B + 7’
High edge indicates Higgs mass
>
g
For each mass hypothesis, fit to a sum of =
background and signal templates E
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Events / 10 GeV

27 Mar 2012

VBF Channel

50
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In Numbers (m_, =125 GeV)

H + (et Signal Ww WL Wy i Withftgh Z{y* +jets W+ jets  Total Bkg. Obs
Jet Veto 545+£02 1285279 166 175+ 12 D5+7 1038 +28 217+4 16+ 115 | 2851
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p:'.rcul JRE£02 25+ 1R 41 x4 2H+2 I3+2 24+7 0+2 444 £ 27 441
A = 1.8 TT+£02 2T9x17 ELEE 27+12 I3+2 23+7 o+ 429+ 27 427
H + 1-jet Signal Ww WZEZ Wy i Withfegh Z{y* +jets W+ jets  Towal Bkg. Obs
I jet 21,1 £0.1 390 x55 x4 1433 =800 430x25 ERTE - Br1+3 2752+ 10 | 2707
b-jet veto 195+£0.1 360x51 554 401 +£23 134 =H 33+ 16 Ti+3 1356+492 | 1371
|p~|“?‘|{3lJG-:"-' 130£0.1 252%35 33ix3 171 =10 Tax5 M5+ 8 352 674 £ 55 it
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gy < 80 GeV na9+0.1 11202 ©O1x01 1.1+£02 0O2+0] 0303 02+02 29x05 2
A = 1.8 0NE+£0.1 07000 0O1x01 0.7+02 negl. 03+£03 negl. 1.8x0.4 1
Control Eegions Signal Ww WIS EZ Wy " Wthfigh Z{y* +jets W +jets Towal Bkg. Obs.
WW (-jet 01£01 4h5%3 25%12 B5ix12 41 x2 B+2 45+2 673t 5 HUE
WW 1-jet 01 £0.1 126+2 Ih+1 Bix12 35x2 B+2 11£1 2721+ 4 269
Top 1-jet 1.1 £0.1 211 1.5+02 422+ 4 165+ 3 b2 negl. Gl5+6 675

Lepton Channels | O-jetee Ogetpu O-jetep l-jetee  l-jetpu  l-jetep

Total bkg. 585 11410 25713 213 37+5 Th+h

Signal 3801 90x0.1 2502 1L1x01 2301 6.0+0.

Observed 52 138 237 19 6 90
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95% C.L. Limit on G/O'SM
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Signal strength

H - WW Signal Strength

HoWWohy

Signal strength

N W s
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Not incompatible with m =125 GeV but no strong evidence either
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H —> WW: the Future

* Prepare for 2012 data: understand how to handle high
pileup well

* Lower subleading lepton threshold below 15 GeV

- critical to help close the low mass window

* Add hadronic tau decays

* Improve significance with better acceptance and
efficiency optimization

* More sophisticated use of additional kinematic

information (multivariate techniques, matrix element ..

27 Mar 2012 Peter Onyisi
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Limit Results

Includes additional analyses
Limits at 95% C.L.
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95% CL Limit on o/c,,

Low-Mass Combinations

1T T T T 11 T 1T T E IIIIIIIIIIIII T T L
- ATLAS Prellimin‘ary 2011 Data & 10f cms, Vs =7 Tev —=— Obgerved :
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Plots are not corrected for the “look-elsewhere” effect:
if you look at enough points you'll see something eventually
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Tevatron Exclusion

Tevatron Run Il Preliminary, L <10 fb™
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95% CL Limit on O'/GSM
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Changes since December
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Top quark mass

Vacuum Stability

* Higher-order corrections to the Higgs potential may
make it go very negative for large field values

- big effect at low mass; driven by top quark contribution
e Our vacuum may be metastable

* Additional physics before the Planck scale can stop this

190 g — g vV
\\ lrlqtalj]lltj \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\
185 Bt Bl . B
180 ‘\\\\\\\\\\\ \\\\\\\\\
- R I LY
S sl
B 175 e s .
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Looking Forward

Do we find a Higgs candidate?

* Yes:

- Are the coupling ratios right? Need to probe as many decays
and production channels as possible

- |s there only one Higgs boson?

- Is there anything else going on in WW scattering?
* No:

- Is it produced less often/decays strangely? Need to check in
VBF channels

- What unitarizes WW scattering?

* Need studies to understand power of LHC vs other

accelerator COﬂCGptS
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Probing the HWW vertex

VBF production of H candidate can reveal anomalous HWW couplings

Plehn, Rainwater, Zeppenfeld PRL88 (2002) 051801
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Azimuthal angular separation of tag jets in VBF
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Unitarizing VV

Look at vector boson fusion events for VV scattering

Birkedal, Matchev, Perelstein (hep-ph/0508185)
Al et A Sk S i
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Conclusion

e The H—> WW channel at ATLAS excludes

130 < mH < 260 GeV
at 95% CL.

 We are actively working on improvements to improve
sensitivity, and planning for the future.

* Looking forward to 2012 and beyond, both for this
channel and Higgs/EWSB physics in general.
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