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Outline

| will present the measurements of the Higgs boson in the H - WW™* — fviv
decay, using all pp data collected by ATLAS during the first run of the LHC

@ Physics motivation

@ ATLAS experiment

o H— WW* — (viv

@ Backgrounds

@ Measuring Higgs production
@ Higgs boson couplings

@ Prospects

ep + E.F‘iss + 0 jet event

Phys. Lett. B 726 (2013), pp. 88-119; ATLAS-CONF-2013-030; ATLAS-CONF-2014-009
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2013-02/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2013-030/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2014-009/

Physics Motivation
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Standard Model Higgs boson

Standard Model: unified description of fundamental particles and forces
Based on local gauge invariance of the SU(3) x SU(2) x U(1) group
Remarkable agreement between theory and experiment!

But mass terms for gauge bosons are forbidden...

Unless symmetry is spontaneously broken: Higgs mechanism

Gain spin-0 scalar massive particle: the Higgs boson

Higgs boson observed by ATLAS and CMS at the LHC with my ~ 125 GeV
Prof. Peter Higgs and Prof. Francois Englert awarded the Nobel Prize in 2014
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o ggF largest x-section, ~ 10% uncertainty
o VBF distinct signature, ~ 3% uncertainty
@ WH clean event tag to probe e.g. H — bb

o ttH very low x-section, direct probe of top Yukawa

gluon fusion

associated prod. with W/Z
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iggs boson decays

NS L L L

Bosonic modes (discovery)
o H— WW* — tvebv
more ahead!
o H— ZZ* — ¢ttt

low BR but very high S/B
good mass resolution
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Fermionic decays
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Analysis strategy needs to take into account needs VBF

Higgs branching ratios, final state signatures,
production x-sections and background processes
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Why H — WW* — lviv?

Observing H — WW* decay is fundamental test of the theory

Sizable W — ev/uv decays provide clean signature: probe ggF and VBF
Two neutrinos in the final state: no mass sensitivity

But second highest BR for my = 125 GeV: high event rate

H — WW* — fvly provides powerful measurements of production rates
Important constraints to fermion and vector boson couplings

Can also probe spin and parity properties (but | won't address that...)

ggF H — WW* — (uly VBF H — WW*
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The ATLAS Experiment
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ATLAS: A Toroidal

Magnet system:
B=2T in ID from solenoid
B=0.5-1T from toroid

LHC Apparatu$S

Inner Detector: |n|<2.5
Si pixels/strips
Trans. Rad. Det.

Muon Spectrometer: |n|<2.7
Air-core toroids and gas-
based muon chambers

o/pr = 2% @ 50GeV to 10% @

o/p; = 0.05% p; (GeV)® 1%

EM calorimeter: |n|<3.2
Pb-LAr Accordion
o/E = 10%/VE®0.7%

Hadronic calorimeter:

|n|<1.7 Fe/scintillator
1.3<|n|<4.9 Cu/W-Lar
o/Ejet= 50%/VE®3%

1TeV (ID+MS) A \
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n=-In tan(0/ + AT | .
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IRAVANC = Tile calorimeters!
Trigger system: } \ LA hadronic end-cap and
3 levels to reduce q\ Pl defactor forward calorimeters

20MHZ collision
rate to ~300Hz of

Toroid magnets

A\
LAr electromagnetic calorimeters’

events to tape
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|Muon chambers|

|§olenoid magnet] || Transition radiation tracker |

Semiconductor tracke
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|dentifying different objects

Muon
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Hadronic
Calorimeter

The dashed tracks
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Recordlng PP coII|S|on data
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Month in Year Mean Number of Interactions per Crossing
‘ 2011 ‘ 2012 i
Center-of-mass energy 7 TeV 8 TeV @ Much more data in
Peak luminosity 3.65 x 103 cm™2s7! | 7.73 x 103 cm 257! 2012 w.r.t. 2011.
Integrated luminosity 5.25 fb~! 21.7 fb~!
Average interaction rate 9.1/crossing 20.7 /crossing e The Cha”enge-
Data taking efficiency 93.5% 93.5 % handling pile-up!
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The H > WW* — fuvbv
analysis
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Run Number: 204026, Event Number: 33133446
Date: 2012-05-28 07:23:47 CEST

@ 2 opposite-charge leptons + missing transverse energy final state
@ No mass peak, signal manifests as broad excess in transverse mass mr

@ Accurate and precise estimation of different background sources is essential!
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All these are sources of background
Standard Model Total Production Cross Section Measurements  sius: sy 2014

Q' 101 e
Qo ATLAS Preliminary  Runi1 s=7,8TeV
b
10°
LHC pp Vs=7TeV LHC pp Vs =8TeV
105 =T mmm Theory [ Theory
=T - Data - Data
10
10°
o
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total total total total total total total
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Missing transverse energy
@ Select events with missing transverse energy: Emiss = — 3" pr
@ Relative-E"*: better measurement in events with mismeasured leptons/jets

miss __ E'rlpiss X sin Adnear , if A¢near > 7T/2
Torel Emiss | otherwise

% 10" " L
+ Data %% SM (sys U stat)
g ATLAS Prellmlnary B [ wazzy ¢
- Vs=8TeV,[Ldt=207fb" [Ja  [JSingeTop F..
§2] o) . [ ztiets  [] WHets .
s H-WwW —~§VIJV/HV6V +0/1 jets [ H125Gev] A
> ST S
I} miss *
ET

Calorimeter-based measurement

200 250
ETs [GeV]

of missing transverse energy

miss

T > 25 (45) GeV for ey (ee + ) events
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Event categories

ep - different flavor leptons

x10°
N L A + T3
S £ Data 2012 B
g 20E ATLAS % Totlsig+bkg. |
w E s=8TeV [Ldt=20.7fb* I M Higgs boson
18 E Howwr_ evny m,=125Gev o
16 T eM O« E
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14 v -
12F [ Single Top E
E [ wHets E
108 [ other v/ E|
8 3
oF 3
48 E
2 -
0 : |
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I t > N,

I ggF ) VBF

Events

ee + up - same flavor leptons
22

x10°
T

- Data 2012 é

20 ATLAS %% Total sig.+bkg.
18 Vs=8TeV [Ldt=20.7 1" I SM Higgs boson —|
16 H- WW* . evev/pvpv = ZNT" 125 Gev 7;
14 O -
0 ww B

12 [ single Top =
10 [ other v -
P [ Wriets 3

jets

@ Event categories with different background compositions: better sensitivity!

@ Lepton flavor split:

> ee + upu suffers from large Z /4™ contamination, e has better sensitivity
® Nets split (anti-k; 0.4, pr > 25 (30) GeV):
> use Nes < 1 and Njets > 2 to probe ggF and VBF production modes
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VBF H - WW* — (vlv signature with forward jets

™~
Y ATLAS Run 214680, Event 271333760

L EXPERIMENT

17 Nov 2012 07:42:05 CET
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The VBF topology 10°

—4— Data 2012
14f ATLAS % Tomsigstia
{s=8TeV [Ldt=20.7fb" e

H-WW*_evpv + > 2 I 2y

Events /0.5

[ single Top

[ other v

[ wiiets

[ 99F m, = 125 Gev
] vBF m, = 125 GeV (x50)
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R R N AR R e o
ATLAS —$— Data2012
%4 Total sig.+bkg
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[ other vv
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[ o9F m, = 125 Gev
[ VeF (<50 m, = 125 GeV

q

@ Two forward widely separated jets:
> |ijj| > 2.8
» mj > 500 GeV 150
> no b-jets to suppress

250

200

Events / 83 GeV

100

o Central Higgs boson:

» No other jets in the gap 50
> Require leptons in the gap

— .

400 500 600 700 800 900 1000
m; [GeV]
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Selecting Higgs candidates

- e —————————— T o e L s B
> = ] B = E ATLAS f Data 2012 E
) 700: ATLAS H- WW*_ evpv + 0 jets ] @ 167 B . Toal g+, ]
° E B S E V(s=8TeVv [Ldt=2071b VBFm,=125Gev ]
= 600 Vs=8TeV [Ldt=207fo" ¢ Dala2012 = P T W e + 2 2] [ ooF = 12500y T
@ E %, %z Total sig.+bkg. S 12F g -
2 E Py v > E I 2 3]
g 500 . [ sM Higgs boson - o 10F Clww E
& E o m, =125 GeV J E 0 weiets E
400F M O ww 3 8 [ Single Top E
E 4 Oa E 6 3
3001 [ W+iets — 4t ]
q [ other vv B 3
200 B [ single Top =
v ]

Data / bkg.
-
N

-0~ Data2012 [ ] SM sig.+bkg. ? T I “

O T T \/ w
50 100 150 200 250 /‘
m, [GeV] U

o Exploit spin-0 of SM Higgs and V-A weak decay of W bosons
@ Low invariant mass of dilepton system: myg, < 50 GeV
@ Small azimuthal separation between two leptons: A¢ge < 1.8 rad
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Backgrounds
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All these are sources of background

Standard Model Total Production Cross Section Measurements

Status: July 2014

o 10" e
2 ATLAS Preliminary Run1 +s5=7,8TeV
b
10°
LHC pp Vs=7TeV LHC pp Vs =8TeV
10 3= B Theory mam  Theory
BT - Data - Data
10*
103
s
102 46f! ZMJ* 20%4
o =Om’ Ly 1
4.6 fb 47174610 20.3 fo 20% 9
10! 48 aopn 6P A
467! 20.3 fb?
1
20.3 fb*
107t
PP W z tt te-chanWW+WZ WW Her Wt WZ  ZZ  Hwer ttW  ttZ

total total fotal total total total total total total total

Use data to normalize/validate/replace MC result as
H — WW™* — Zuvlv with ATLAS

Joana Machado Miguéns (FCUL, LIP - Lisbon)

total fotal total total

much as possible!
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Wjets

2 eF T T
E Data 2012 4
g 80; ATLAS % To:a\ sig.+bkg. é
Mimi . | wh ‘et fakes lept a4 E Vs=8TeVv [Ldt=20.71b" I S Higgs boson 3
(] |m|C? sighal wnen Jet takes lepton % 7();— Ho W evpy + 0 jets DW:;:useevE
@ Essential to have good lepton & % =i E
e - : s0E E
identification and isolation o = E
@ Very hard to model fakes with MC 305 E
o Estimated entirely from data 208 E
. . . 10g + 3
o Validated with same charge dilepton E : 3
300
@ ~ 30% uncertainty

Fake factor method

@ W + jets control sample with id 4 anti-id leptons:

W+ jets
Nid+anti—id

@ Determine fake factor from high statistics dijet data:
frake (PT, 1) = Mg/ Nanti-ia

© Extract W + jets contamination in signal region:

Wjets W+jets
Nigiig = frake X Mg oneicia

\ m; [GeV]

W+, W~™, WZ taken from MC
and validated with same charge

sample (~ 20% unc.)
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Drell-Yan in 0- and 1-jet same flavour channels

o Large Z/~* — ee/uyu contamination in ee + uu channels
o Pile-up degrades E™ resolution: more fake EMiss
e Z/~* contamination in 2012 increased by ~ 5 w.r.t. 2011

> —1 77—
o 6 Foi -4~ Data 4% SM (sys D stat)
° 10°e ATLAS Preliminary @ "V & wzomy

~ 1Sk Vs=8Tev,[Ldt=207fg [Jd¢ [ SigeTop

§2) ) ) Z+jets  [] WHjets

5 " H-WW' " evev/pvpv + 0/1 jets [ H[125GeV]

z 10

@ Independent measurement
of ET* using inner
detector tracks - pT'**:

-+ Stability with pile-up

— No information on neutrals

200 250

miss

p'I"rel [Ge\/]

@ Apply tight selections on both calorimeter- and track-based measurements:
> EMiS > 45 GeV and pPs > 45 GeV
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Soft hadronic recoil to further suppress Drell-Yan

- I B I e e ]
° 15- T T T ‘ATLA‘S T T T T E
o e Vs = 8 TeV simulation 4
ﬁ C H-WW*_, evev/pvpy + 0 jets ]
| o D
5] L —a— diboson, top and W+jets i )
g - —e— SM Higgs boson m_ =125 GeV ﬁﬁ(— p : hadronic
£ 101 | L \\\ recoil
c E - |
i} F 7 -D-_D_-D- ]
C e e ]
F e :Q_—A-_A__._ - ]
e DES e 1 .
o s oy ] £ | > [JVF|x pT|
. recoil — 77
A4 - p
10—2 o e b b b b b b L T
0 01 02 03 04 05 06 07 08 0.9
frecoil
@ Remember: looking at events with low myy, small A¢y, and no jets
@ Z /7" events have two close-by leptons and no neutrinos (fake EJiss)
@ /¢ must be balanced by very soft jets not passing veto threshold
@ Define f...;i to measure soft hadronic activity opposite to ¢/-axis
o Clear separation between Z/v* and processes with true ETmiSS including signal
@ Apply tight 7.0 selection: frecoi < 0.05 (0.2) for 0-jet (1-jet)

» Z/7 0 25% and €2/ ~ 75%
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Data-driven method to estimate Drell-Yan

> Frm T UL B E|
o 200 - Data 2012 —
. . 8 2PF ATLAS E
o Challenging environment for ee + pu: g 1s0f ;.0 P & s
» EMS is complex object 2 1805 4w evevtuupy + 0jets g T
; 140 . 3
» Fake E{™* very hard to model & Lok Lk B w4
> Soft jets: non-perturbative QCD 1005 B e
> Pile-up just complicates more 80F B wijets E
= % |
. 60 |
o Estimate Z/~* from data: Pacman or E
@ Z/v* suppressed to reasonable level 206 3
. . . 05 3
@ 60% (80%) uncertainty on 0-jet (1-jet) % 100 1502000 250 300

m; [GeV]

Pacman method

@ Measure efficiencies of fec selection in data: ¢Z/7 and e"n4/7"
Q Use passing and failing frecoil cut directly in the signal region

measuring efficiencies so still insensitive to the presence of signal!

@ Invert matrix and solve for Npiéf to obtain Z/v* estimate in the SR

)L e [
1/62/7 1/6'10"-2/“/ S;:S-Z/v
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Top backgrounds in 1- and 2-jet channels

Events / 10 GeV

Joana Machado Miguéns (FCUL, LIP - Lisbon) H — WW* — Zuvlu with ATLAS University of Pennsylvania - 16.09.2014

Top-quark backgrounds produce WW + b-jets
Suppress tt and single top by vetoing on b-jets
Use events with 1 b-jet as control regions

Used to normalize top background directly to data

For 2-jet apply VBF topology selections

50

o

40

o

30

o

20

(=]

100

- Data 2012

% Total sig.+bkg.

[l SM Higgs boson
m, =125 GeV

O«

[ single Top

O ww

2y

[ other v

[ Weiets

NFtoP

ljet

ATLAS
Vs=8TeV [Ldt=2071fb"
H-WW*_.evpv + 1 jet

m, [GeV]

=1.04 £0.02 (stat.)

~ 30% uncertainty

Events / 20 GeV

35

30

25

20

15

10

et gt}

)

NF

ATLAS O [ single Top
Vs=8TeV [Ldt=207fb" M2y Oww

Ho WW* L iy + 22

4 Data2012 % Total sig.+bkg.

[ other vv [ W+jets
[ 9oF m, =125 GeV

[ vBF m, =125 Gev

\be = 0.59 £ 0.07 (stat.)
~ 40% uncertainty
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Contlnuum WW for 0- and L-jet channels

N ‘
& 7007 ATLAS H—>WW*—>eva+0]ets: 50 < mg, < 100 GeV WW CR
= 1 7
- Goof\r 8TEVdeI—207fb -¢- Data 2012 , D 10 o A A B B L I I I
P F , <« % Tolsigsbkg. 3§ 3 [ ATLAS 2 pmnziz 3
$ 500 -SM Higgs boson | S [ (s=8Tev [ Ldt=20.7 fb* I SV Higgs boson
Lﬁ C .= 125 GeV B = 4001~ . m,=125Gev |
C | 2 [ H-WW*_ evuv + 0 jets |
400F Elww - ) & v ]
C ~ R 9 L [ Wrets ]
F O i1 4 300 Ot .
300 [ W+iets — L [ Single Top ]
[ other vv B L [ other v ]
200k [ single Top - 200~ v —
100 E e E
D 145 : D e |
f 1.2E o) H 050 100 150 200 250 300 350 400 450
© 7 A
g 0817 m; [GeV]
0.65 & Data2012 [ SMsig+bkg. T T e WW is main background
Bt T S Y B
100 150 200 m, [GeV] @ Uncertainties from MC on
o Higgs signal sits at low my, CR-to-SR extrapolation «
o WW control region at high my, @ Important to keep them small
@ Normalize WW to data in CR @ Reduce by choosing CR close to SR
NFOJet =1.16 + 0.04 (stat.) @ ~ 2% uncertainty on o
NFlJet = 1.03 4+ 0.06 (stat.) @ ~ 7% total uncertainty for 0-jet
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Measuring the Higgs
Production
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Not the full mass, but still something

— 26 miss) 2 £e miss
mr = \/ (B + EFis)2 — |1 + P
> R L L B B B B B B R
8 8005 ATLAS -#- Data2011+2012 |
8 ; (5=7Tev _[Ldt —46fbt Z4 Total sig.+bkg. ;
2 700? Vs=8TeV [Ldt=20.7 bt u SMmH'ngzZo;z\n, E
§ 600 H= WW— b + O/L jets [IwwH E
% s00F- i O =
E I other W E
400; [ single Top E
300 [ weiets —
200F =
100F =
% 138%: * Bkg. subtracted data 3
o 60F i
S 40
8 20 +
0F
-20E

60 80 100 120 140 160 180 200 220 240

m; [GeV]

o mr fitted to extract Higgs

@ Excess in data consistent with SM Higgs

> R R
@ 4 7
o) ATLAS Preliminary ggowe 2008 4
3 Vs=8TeV, [ Ldt=20.7 fb* EI @ [dsngeTop ]
> © [ z+jets [ Weiets 1
,2 H-WW"’~ evpv/pvev + 0 jets W uzsce
g ]
. |
L L L 3

60 70 80 90

m, [GeV]

o Further sensitivity by splitting
eu events in myy

Niee =0 Niee =1 Niee 22

Observed 831 309 55
Signal 100+£21  41+14 109x14
Total background 739+39 261 +28 36+4
ww 551+41 108+40 4115
Other VV 58+8 27+6 19+04
Top-quark 39+5 95+28 54=+2.1
Z+jets 30£10  12+6 22+3
Wjets 61 +21 20+5 07+0.2

Note: yields quoted in m window
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Significance of the excess

o.°103 T T T T T
= ,E ATLAS Vs=7Tev [Ldt=46fb"
8 10°E Howw* v Vs=8Tev [Ldt=20.71b"
- —— Obs. M+lo
—_Exp. m, = 125.5 GeV [J+2 0
""""""""""""""" 0o
o
""""""" 20
""""""""""""""""" 30
""""""""""""""""""""""""" 40

T TR SN AR VA

160 170 180 190 200
m, [GeV]

6 I
107190 120 130 140 150

@ Probability for background-only to produce observed excess at 125.5 GeV

» 8x107°
@ Significance of the observed excess at 125.5 GeV:

» 3.80
o Evidence of Higgs boson in H — WW* decay

H — WW™* — Zuvlv with ATLAS
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Measuring the total production rate

ATLAS Prelim. v°<(§‘y’°;‘;)nc‘ Total uncertainty
_ — O\theory
m, = 125.5 GeV — o(theory) +loonp
Ho vy ——
P ‘ —t—
H= 1'577025 N 1
Hozze sl o —=
u:144+040 013 : S5
TS | =
H- WW* . vl = .
o= 1.000% 25 —— @ Signal strength compares observed
029 00 H | .
Combined B =5 rate to SM-predicted rate
How 220 W o |8 —
H= 1'357020 o8 i | = _ (U X BR)obs
WZH - bb s [ Hobs osm X BRsm
! -0 2,(” +0.4 —— 0 ..
=02 Lo Ll ‘ @ 30% precision on p!
H — 1T (8 TeV data only) 5% ' . .
w=1400) : '_ﬁﬂ_' @ Excess compatible with 125.5 GeV
Combined K —— nggs
H-bb,
—-bb, 1t = 1,09'036 | o2l : =T
H=L109 o o H |
Combined S“ T
u=1.30"00% : T
-047 | oo | ]

I
Vs=7TeV [Ldt=46-48fb" -05 0 05 1 15 2
\5=8TeV fLdt=20.3 b Signal strength (1)

fobs = 1.00 £ 0.21 (stat.) *$18 (theo.) T928 (expt.) = 1.007933
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Breakdown of uncertainties on p

Category Source Uncertainty, up (%) Uncertainty, down (%)
Statistical Observed data +21 =21
Theoretical Signal yield (o - B) +12 -9
Theoretical WW normalisation +12 -12
Experimental ~ Objects and DY estimation +9 -8
Theoretical Signal acceptance +9 =7
Experimental ~MC statistics +7 =7
Experimental W+ jets fake factor +5 -5
Theoretical Backgrounds, excluding WW +5 -4
Luminosity Integrated luminosity +4 -4
Total +32 -29

@ Uncertainties impacting p: half statistics, half systematics
@ Half the systematics are from theory

@ Dominant experimental systematics from jet energy scale, b-tagging and
data-driven background estimates
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Measuring VBF

> C ]
8 L ATLAS ¢ Daazoi1+2012 | Q_o103?"‘H‘Hu‘mmumumm‘muui
o 12r fs=7Tev [Ldt=461" 7 Tolsig kg g [ ATLAS Preliminary —— obs.
S or VBF m, =125 GeV | S © wens EXp. M = 125 GeV
> 10F Vs=8Tev [Ldt=2071" [ ooF m, = 125 Gev—] a Howw v VBF . W
< [ H-Wweevw+22] g ] Vs=7TeV: [Ldt=461" g
o 8- 0 ww ] Vs=8TeV: [Ldt=20.7 fbo
[ m 2 ]
r [ other v 1
6 [ single Top ]
C [ wHjets ]
ar b
2 ]
] 10747‘M‘Hm‘HmH‘mH‘\HH\HH\HHMHT
0 120 130 140 150 160 170 180 190 200
300 m, [GeV]
m; [GeV]
o Use 2-jet category to measure VBF @ 2.50 excess observed in data
o ggF considered background o (s =1.66 4 0.79
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ggF vs. VBF

£ AL AN RS R RS AR LR IS IR R ) -
% 10 ', Standerd ol 7, ATLAS Preliminary ] ATLAS Prelim. +Z((ss|:y?i'2\c Total uncertainty
L FEE i _ theor
g % b falbomi PN B=TTev }Ldt=4.6-4.81b’1 B m, = 125.5 GeV (,(memyy) +10 *20
=g [ ---9swcL H  Vs=8TeV JLdt=2031f i 07 %
== . : 3 ] H-yy +gj : \ L
6~ o ] Pogrn _ 1 5#0.8[ 02 \ pd
r Th e ] o 205102 | 1
a0 Ho o E 23
F ] Hozze.a |
| 4 +0.6
L 4 Hugrovm — 4.4 02 —
2? -] ggFHtH 0'6'09 fg§ ¢ 3 Jﬁﬂ/r»/“"""/'( 1]
- ] I
o i H oo WW oy [0
[ m,=1255Gev . ] M = 1.8?;3 ;g: \ i
7] P T IV SN A WA A A S ggFHH oz | N L 14|
W.ZZ* WWHTT H- 11 ”Ig
uggFHlH n o6 \
e = ) 700 00 \
- oa [N P F
@ 2D contour of UggFittH VS. LVBF4+VH NEIREE ,
. . i Coa| | 4
@ All channels compatible with SM Combined SR 1
X i X VBE+VH — 14:*'07 '} //
@ Take ratio for combination wr TOSG N
. . . Vs=7TeV [Ldt=4.6-4.8 o -
@ 4.10 evidence that a fraction of Higgs s=Tv L
Vs=8TeV [Ldt=20.3fb" uVBF+VH “ggFﬂtH

production occurs through VBF
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Higgs Boson Couplings
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Translating rates into SM Higgs couplings
Why?
o Higgs couplings are exactly determined in the SM:

gHwv = 2m3, /vev SYukawa = Mg /vev
@ Essential to measure them as precisely as possible
@ Any deviations will be a sign of new physics

How?

@ Scaling factors , such that ¢ ~ x? and I ~ k2, with x = 1 for SM
@ Take common fermion and vector boson scaling factors: kr and ky

heavy quarks in ggF loop: oger ~ K7 H — WW decay: Tww ~ Ky
vector bosons in VBF: aver ~ K% Higgs total width: [y ~ 0.25x3%, + 0.75x%
Result
o o(gg — H) x BR(H — WW) = g T o __nery
o\&g = OgeF T, ™ 0.25:2,10.75r7

2 2
° 0(qq — qqH) x BR(H — WW) = over#2 ~ soavites

V.
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Fermion vs. vector boson couplings
w k\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\ \\\\‘\\\\‘\\\\A
F “oH L bb

X r . - N I
4 ATLAS Preliminary COH S 4l - ]
F Vs=7TeV [Ldt=4.6-4.8 b aH - yy mCombined -
3 {s=8Tev[Ldt=20.31b" + SM x BestFit
C 1 \ ]
;H—»'[‘l’ e - - - 7:
= e o =
Oi H - bb =
e ]
i GRS
B e S - - -
2F i 4 Hoa o7 3
S I I L N W B SR A RN N
0.6 0.7 08 0.9 1 11 12 13 14 15 16
KV

@ Assuming only SM contributions to the Higgs total width
@ Relative sign between kg and Ky probed only in H — v~ loop
o Combination of all channels favors SM-like positive sign

0.17
ky = 1.15+0.08 kE = 0.99797%
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What’s next?
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Prospects for the future

209 LHC startup Vs=900 GeV
2010 Run-l
@ Remarkable agreement between SM and data but 5748 GeV
g s 201 L~6x10%cm2s-!

» dark matter and dark energy? 50ns

» SM does not explain everything At ~25 fb1
e Found the Higgs but... I Phase 0
» Low mass is unnatural, hierarchy problem arises a4
» Loop corrections to scalar Higgs mass are divergent 205 Run-ll
» With a cut-off A ~ 10" GeV (Plank scale), a striking 6 Lﬁjj(}g;}:nfgi
cancellation with the bare mass mgy needs to occur! 25ns
> A can be smaller, but then there should be new physics 217 ~75-100 fb-!
at the TeV scale 218 1S2 LHC Phase 1
f 2019 Run-lll
\s=14 TeV
2020 L~2x10%cm2s!
H 25ns
---- -——- 2 ~300 f!

222 1834 HL-LHC Phase 2

Run-IvV
Vs=14 TeV
L~5x10% cm%s!

2023

mf_, =mi+ Amf_,, with Am,2_, o —A?
20
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Prospects for the future

@ Maybe it's SUSY?
» Cures hierarchy problem & offers dark matter candidate
» So far no signs of it at the LHC
» But the phase space to cover is large

f S

fermion and boson contributions to m?,
have opposite signs and cancel out

@ More data and energy for Run-II!

> Look directly for new physics
> Or look for deviations to the SM
> Last energy boost we'll get in a while: the time is now!

H — WW™* — Zuvlv with ATLAS

Joana Machado Miguéns (FCUL, LIP - Lisbon)

University of Pennsylvania - 16.09.2014

209 LHC startup Vs=900 GeV
2010 Run-l
s=T+8 GeV
201 L~6x10%cm2s™!
50ns
2 |95 iyt
013
LS{' LHC Phase 0
2014
2015 Run-lI
\s=13-14 TeV
016 L~1x10%cm2s™!
25ns
17 B 1 75100 b

2018 L2 LHC Phase 1

2019 Run-lll
\s=14 TeV
2020 L~2x10%cm2s!
25ns
a ~300 fb"

222 1834 HL-LHC Phase 2

Run-lV

2023
Js=14 TeV

20807

L~5x10% cm%s!
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Summary and conclusions

@ Very rich Higgs physics program for Run-| of the LHC!

o H— WW* — fulv provides powerful measurements of Higgs production
and couplings

@ New and improved H — WW* — fvlv results will be out soon

@ And Run-ll is about to begin, bringing a lot more energy and data, and
hopefully some new physics?

Prof. Peter Higgs (as confirmed by the name tag!) cornered when coming out of the bathroom

at the EPS-HEP conference in Stockholm
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Back-up slides
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MC simulation

Signal MC generator o-B(pb)  Background MC generator o -8B (pb)
ggF PownEG [30]+PyTHia8 [31] 0.44 494,99 —> WW POWHEG+PYTHIAG [32] 5.7
VBF  PowHEG+PyYTHIA8 0.035 4G, 99— WW+2j  Sherpa [33] with no O(«;) terms 0.039
VH  PyrHia8 0.13 g9 > WW GG2WW 3.1.2 [34,35]+HerwiG [36] 0.16
tf MC@NLO [37]+HerwIG 240
Single top: tW,tb ~ MC@NLO+HErWIG 28
Single top: tgb AcerMC [38]+PyTHIA6 88
Z[y*, inclusive ALPGEN+HERWIG 16000
Z0 et +2j Sherpa processes up to O(;) 12
ZWZ® — ap PowHEG+PYTHIAS 0.73
WZ/Wy*,mz;,»>7 POWHEG+PYTHIA8 0.83
Wy*,my, <7 MadGraph [39-41]+PyTHIAG 11
Wy ArLPGEN+HERWIG 370
Cross-section [pb] Theory Uncertainties [%)]
Production Symbol  Mechanism
Vs =28 (7) TeV, my = 125 GeV QCD scale PDFs + a.
Gluon fusion ggF 99— H 19.27 (15.13) O T
Vector boson fusion  VBF  gq — q¢H 1.58 (1.22) +0.2 (£0.3) T3S (139
WH qq > WH 0.70 (0.58) +1.0 (£0.9) +£2.3 (£2.6)
Higgs-stralung
ZH qq9/99 — ZH 0.42 (0.34) +3.1 (£2.9) +2.4 (£2.7)
Associated w/ top ttH g9 — ttH 0.13 (0.09) o8 (132 481 (£8.4)
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H — WW* — lvlr event selection

Category Niet =0 Njee =1 Niee 22
Two isolated leptons (€ = e, ) with opposite charge
: lead sublead
Pre-selection Leptons with p7*© > 25 and pf >15
ep + pe: mep>10
ee +pp: mee> 12, | meg —mz | > 15
Missing transverse ey + ue: E‘l‘.“::l >25 ey + pe: E?‘:;l >25 ey + ue: E!}‘?SS >20
ee + uu: EMSS > 45 ee+ uu: ETMS > 45 ee + uu: EM > 45
momentum and . rE}rsil 45 . rzigesl 45 . E}-niss 35
hadronic recoil ee+pp: prs > ee +pp: prs > ee +pp: EXGryp >
ee + [t frecoin <0.05 e+t frecon <0.2 -
- Nh-jel =0 Nh-jel =0
General selection | Adeemer |>7/2 - pt<ds
PY¥>30 ep+pe: Z)y* >t veto  eu+pue: Z/y* — 1T veto
- - mj; > 500
- - | Ay” |>2.8
VBF topology - - No jets (pr > 20) in rapidity gap
- - Require both ¢ in rapidity gap
mep < 50 mep < 50 mep < 60
H— WW® — vty | Ager| < 1.8 [ Adee] < 1.8 | Ager| < 1.8
topology ey + pe: split my, ey + pe: split my, -
Fit mr Fit mp Fit mr
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Jets, jet vertex fraction and pile-up

c 035 n c 035 m
Ke] [ ATLAS Preliminary {s=8TeV,| Ldt = 19.9 fp" ] o [ ATLAS Preliminary Vs=8TeV.| Ldt = 19.9 fo" i
*g 5 ] g [ ]
I O3E Z NG jetyN(ine) i + 1 5 %8E Z- e N( jetyN(inel) E
[ }”1 ] [ ]

0.25- et — 0.251 4

B e + b r « MC IS

0_2; i {t::**f 4{ 0‘2; i * Data {

L g 4 L ]

. 4% . MG ] 5 ﬂaﬁwﬂ::g# ] t ]

0.15]- . Data — 0.15F i
OJ(\)\wwws\wwH1\0wHw1\5mm2\omué§wmwa\0‘ L 0.1(\]\\\\5\\\\\1\0\\\\‘\5\\\\2\0\\\\2%\\\ 3 L
Number of primary vertices Number of primary vertices

@ Fraction of Z — pp + 1 jet to all Z — pp candidates versus number of
primary vertices, before and after JVF requirement

o Jet vertex fraction (JVF) defined at > pr of associated tracks that can be
matched to the primary vertex

o In H— WW* — fvly we require [JVF| > 0.5 for jets with pr < 50 GeV
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Tesyr for ee + puy VBF

> PETTTT s 35:‘”‘”“”“H‘A‘S‘Pr‘ellanArH:
8 ATLAS + Dan2012 % m?' sig:sbkg O] [ e Data2012Z— uy before pile-up suppression v 4
s O« 2y ? 30F o MC Z— py before pile-up suppression -
- Vs=8TeV [Ldt=20.7fb" [ SingleTop [ ww S o ’E)A%la22012 Zb—} ee be‘fore pile-up suppression 2%2 4
[%] Other VW WHjet: = oA — ee before pile-up suppression 7
‘OE; H- WW*_ evev/pvpy + 2 2 j = ggtFErrn = 125E<|35v e 2 25f u Data 201225 n Rile-up supp! @0‘” E
= [ VBF m, = 125 GeV 173 r o MCZ-uuSTVF 4
w & [ v Data2012Z- ee STVF B
0 20t © MCZ-eeSTVF ]
€ s ]
u 15 —
" E ]
E x L ]
W 1o -
Foae® . ]
5F A Ldt=20 fb =
FoB E

N Y NS NI HEP R EE

20 40 60 80 100 120 140 160 180 200 Oo 200 400 600 800 1000 1200

Elsne [GeV] ¥ E; (event) before pile-up suppression [GeV]
Emiss,calo __ rmiss,e + Emiss,'y + Emiss,f + E.miss,jets + Emiss Soft Term + Emiss,,u

z(y) z(y) z(y) z(y) z(y) z(y) z(y)

@ For STVF the soft term is weighted by > pr of associated tracks that can be
matched to the primary vertex
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Schematics of backgrounds estimates
Backgrounds either

partially or fully
determined from data

(WW Control Region\

remove Ad and mr
cuts, tighten my
cuts

S
Signal Region

X = NMCSR/ TOp COhtrO| Reg|on ; E 1] remove
i1 topological cuts,
invert b-jet veto

| sr/ | W-jets Control Region|  reauire 2™ lep

Naijet

Y ! NgieCR to fail tight
. - """""" ‘selection, but pass

loose selection

*0j: estimate top background from b-jet survival probability
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Summary of backgrounds estimates

Table 3: Background treatment listing. The estimation procedures for various background processes
are given in four categories: normalised using a control region (CR); data-derived estimate (Data);
normalised using the MC (MC); and normalised using the MC, but validated in a control region
(MC + VR). The “(eu +ue)” terms denote that for the ee +pu channel in the same Nje mode, the
eyt + pe region is used instead, for reasons of purity and/or statistics. The “(merged)” terms indicate

that the fully combined ey + pe + ee + pe control region is used for all channels.

Channel ww Top Zly* —>1T Zly*—=tl W+jets VV
/Vjet =0
eu+pe CR CR CR MC Data MC + VR
ee+puu  CR(ep+pe) CR(eu+pe) CR(eu+pe) Data Data MC + VR
Njet =1
ep+pue  CR CR CR MC Data MC + VR
ee+puu CR(ep+pe) CR(eu+pe) CR(eu+pe) Data Data MC + VR
Nije 22
epu+pe MC CR (merged) CR MC Data MC
ee+uu  MC CR (merged) CR (ep+pue) Data Data MC

@ Generally use ep CRs, with higher stats and higher purity
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Cutflow in control regions

Estimate Nobs Nokg Nsig Nww Nyy Ni Ny Nzjy N+ jets
ww
Njet =0 2224 1970+ 17 31+0.7 1383+9.3  100+6.8 152+4.4 107 +4.3 68+ 10 160+3.6
Njer =1 1897  1893+17 19+0.3 752 +6.8 88+5.5 717+£9.5 243 +6.7 37+7.5 56+2.5
Zly* > 1T
Njet =0 1935 2251+31 25+02 61+£19 85+1 45+0.8 27+0.6 2113+31 61+3.8
Niet =1 2884  3226+34  7.5+03 117+2.7 223 570+ 8.4 50+3 2379 +£32 88+4.3
Njer 22 212 224 +7 0.6+0.1 13+1 4+ 44 +3 5+1 148+6 9+1
Top
Njer =1 4926  4781+26 12+0.5 184 +3.7 43+9.5 3399+20 1049+ 13 72+3.1 35+22
Njer 22 126 201+5 1.6+0.1 6.4+04 1.0+0.3 157+4 26+2 9+1 03+04
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Jet Veto Survival Probability for top in 0-jet

x10°
%) 29 — T T T T[T v+v T3
5 Data 2012 =
: 20 ATLAS % Total sig-+bkg.
w 1gh. 5=8Tev fLdt=20.7 fb* I SV Higgs boson 7
H- WW*  evjy i m, =125 GeV E
16 O+ 3
F 0 ww E
14 — =
12 [ single Top —
P [ wets =
10F [ other vv E
Niels
0 NOj Plbftag 2
N NInC| MC v data
top,est — data chcl Plb tag

e P!t s the jet veto survival probability (N%/N"") in a sample with at
least one b-tagged jet

° NFS;’:t = 1.07 + 0.03 (stat.), ~ 13% on estimated yield
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WW control regions

s s T N R R R RN R P RN R U R R R
8 "} ATLAS pomme 1 8 20 ATLAS 3
S F Vs=8TeV [Ldt=20.7fb" [l SM Higgs boson 3 E (s=8Tev [Ldt=20.7fb* [l SM Higgs boson
; 400’7 H-WW*_, evuv + 0 jets m, =125 Gev "] ; 180; H-WW*_ evpv + 1 jet =125 GeV
-7 0 ww 1 & 1e0p e = ww
o C 2 [ wHjets ] o E O«
w300~ O - w 140? [ single Top
L [ single Top 4 120 [ other vv
C (] om'ervv ] 100; (] Wﬂ’ets
200~ 2y — E I 2y
C ] 80
F E 60F-
100f E 40F
: I bots
050~"100 150 200 250 300 350 400 450 050100 150 200 250 300 350 400 450
m; [GeV] m; [GeV]

o WW 0-jet CR: 50 < my, < 100 GeV
o WW 1-jet CR: my, > 80 GeV
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WW CR « extrapolation uncertainties

Channel Range (GeV) QCD scale (%) PS,UE (%) PDF (%) Modelling (%)

]Vjel =0
ep+pe  10<mp <30 0.9 0.2 1.5 -1.2
epu+pe  30<mge <50 0.9 0.8 1.1 -1.4
ee+pup 12 <mg <50 1.0 0.3 1.1 1.7
A’jel: 1
epu+pe 10<mer <30 1.6 0.5 2.0 -5.1
eu+pe  30<me <50 1.5 0.5 1.8 -5.0
ee+uu 12 <mqep <50 1.4 0.6 1.7 -3.1
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Same sign validation regions

> 9ol T T T T T T > IR ANE!
§ go ATLAS Preliminary Rl A § 905 ATLAS Preliminary & oo Z 0o s
o E Vs=8Tev,[Ldt=2071b" Elg . = jnu'fmv 3 o (s=8TeV,[ Ldt=20.7 fb* D(z“( = f\;"g'fmp E
2 o HaWW(.)aevuv/llvev+0jets- : EIH[iZSGeVJ E 2 H*WW(')ﬁeVHV/H\'eV‘fOJ'e's- : EIH{l]ZﬁGeVI E
g 60k El- 3
o ER E
5o E =
407 = E
0= E
105 : "
Eooa ) B e e | b, 8 |
250 150 200 250
m; [GeV] m, [GeV]
o W+jets determined entirely from data
o W~, WZ, W~* and ZZ taken from simulation
o W+ and W~* normalized to NLO prediction of MCFM
@ All processes validated with same sign dilepton events
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W~ validation region

- [T T - N,
[0} . . [} . . 4 |
G 100 ATLAS Preliminary e 2o 4 G ATLAS Preliminary &oee g oe= 3
2 I Vs=8TeV, ] Ldt=20.7 fo" =§vz =W 1 = (s=8TeV,| Ldt =207 1b" =zwz =W E
®» 80— H~>WW“'~>evuv/uvev+0jels- Z: O — @ Howw Sevaviuvey + 1 jet -ZYY O E
§ L [ Single Top [ Z+jets | § [ SingleTop [ Z+jots |
] 607 [ Wejets B H(125GeV]-{ o [ Wajets -2 GeV]E
401 . E
20; 4 E

C ] L e I E|

250 300 200 250 300

my [GeV] my [GeV]

@ The simulation of the W is validated with modified same-sign dilepton

events, in which the electron selection criteria that remove photon
conversions are reversed.
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Uncertainties on background yields estimated from CRs

Estimate  Stat. (%) Theory (%) Expt. (%) Crosstalk (%) Total (%)

ww
Nijee=0 2.9 1.6 4.4 5.0 7.4
Nie=1 6 5 4 36 37
Top
Ni =1 2 8 22 16 29
Njet 22 10 15 29 19 39
NSR Ndata Nother N (N N ) kag MC
bkg,est NCR bkg,MC — data other NCR
bkg,MC bkg,MC
~———— ——
bkg
N Fbkg aSR
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0-jet cutflow

(a) eyt + pe channel

Selection Nobs Nokg Nsig Nww Nyv Ni N Nzjy N+ jets
Niet =0 9024 9000 +40 172+2 4900+20 370+10 510+10 31010  2440+30 470+ 10
[Apeemer >3 8100 8120+40 170 +2 4840+20 360+10 490+10 31010 1690 +30 440+ 10
p.[F[ > 30 5497 5490 + 30 156 +2 4050+20  290+10 450+10 280+ 10 100+ 10 320+5
mee < 50 1453 1310+ 10 124+ 1 960+10 110+6 69+3 46+3 18+7 100 +2
| Apee] < 1.8 1399 1240+10 119+1 930+10 107+6 67+3 44 +3 13+7 88+2
(b) ee + pu channel

Selection Nobs Nokg Niig Nww Nyy Ni N, Nzjy Nw+ jets
Niet =0 16446 15600 +200 104 +1 2440+10 190+5  280+6 175+6 12300 + 160 170+ 10
|Adeemer 1>% 13697 12970140 1031 2430+£10 190+5 2806 174+6  9740+140 16010
]1,{! > 30 5670 565070 99 +1 2300+10 170+5 2606 167+5 2610+ 70 134 +4
mee < 50 2314 2390 +20 84+1 760+ 10 64+3 53+3 42+3 1410 +20 62+3
p!l‘"“rs:l>45 1032 993 + 10 63+1 650+ 10 42+2 47+3 39+3 200+5 19+2
\A;m[\<1.8 1026 983+ 10 63+1 640+ 10 41+2 46+3 39+3 195+5 18+2
Jrecoit <0.05 671 647 +7 42+1 520+10 30+2 19+2 22+2 49+3 12+1
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1-jet cutflow

(a) eyt + pe channel

Selection Nobs Nokg Nsig Nww Nyy Ni N Nz N+ jets
Njer =1 9527 9460 +40 97+1 1660+ 10 270+10  4980+30 1600+20 760+ 20 195+5
Npjer =0 4320  4240+30 85+1 146010 220+10 1270+10 460+10 670+ 10 160 +4
Z — 71T veto 4138 4020+ 30 84+1 1420+10  220+10 1220+ 10 440+10 580+ 10 155+4
mee < 50 886 830+ 10 63+1 270+4 69+5 216+6 80+4 149+5 46+2
[Ad|<1.8 728 65010 591 250+4  60+4  204+6 764 283 34+2
(b) ee + pu channel

Selection Nobs Nokg Niig Nww Nyy Ni N; Nz Nw+ jets
Niee=1 8354 8120+90 541 820+ 10 140+10  2740+20 890+10  3470+80 60+ 10
Npjer =0 5192 480080 48+ 1 720+ 10 120+ 10 720+10  260+10 2940+ 70 40+ 10
mee < 50 1773 1540 +20 38+1 195+4 35+2 166 +5 65+3 1060 + 10 20+2
pq.‘.‘l_scsl>45 440 420+ 10 211 148+3 21«1 128+5 52+3 64+4 5.1+0.8
[Ade|<18 430 41010 201 143+3  20x1 12555 51%3 63+4 45+07
Frecoil <0.2 346 320+10 16+1 128 +3 171 974 4413 25+2 3106
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VBF cutflow

(a) ey + pe channel

Selection Nobs Noke Nsig,vBF Nsig,geF Nww Nyy Nii N Nzjy Nwt jets
Njer 22 48723 47740+80 43+1 67+1 940+ 10 300+20 41800 + 70 2370 +20 1800 + 30 440+ 10
Npjer =0 5852 5690 + 30 31+1 49+1 690 + 10 200+ 10 2930+ 20 350+ 10 1300 +20 171+5
pfl‘.’l<45 4790 4620+ 30 27+1 41+1 590+ 10 160+ 10 2320+20 290+ 10 1100 +20 126 +4
Z — TT veto 4007 3840 + 30 25+1 38+1 540+ 10 140+ 10 2150+20 260+ 10 600 +20 108 +4
|Ayj;|>2.8 696 680+ 10 12+£0.2 9.5+0.3 1002 25+3 380+ 10 55+3 95+5 19+2
mjj > 500 198 170 +4 7.5+0.1 29+0.2 34+1 5.6+0.6 93+3 11+1 19+2 44+0.7
Nojetsinygap 92 T7+2 6.3+0.1 1.7+0.2 25+1 28+04 30+2 52+0.8 9+1 3.1+0.6
Both liny gap 78 59+2 6.1+0.1 1.6+0.1 19+1 2.1+0.3 22+1 43+0.7 T+1 24+0.5
mee < 60 31 16+1 55+0.1 1.5+0.1 38+04 0.7+0.2 45+0.7 0.7+0.3 44+0.8 1.0+0.4
|Ader| < 1.8 23 12+1 5.1+0.1 1.3+0.1 3.5+04 0.6+0.2 3.7+0.7 0.7+0.3 1.9+05 0.6+0.3
(b) ee + ppe channel
Selection Nobs Nokg Nsig,vBF Nsig,geF Nww Nyy Ni N Nzjy Nw-tjets
Niet 22 32877 32300+ 100 26+0.7 40+1 540+6 180+ 10 24540 + 60 1390 + 20 5420 +90 190+ 10
Npjer =0 65388 6370 + 80 19+0.6 301 390+5 130+ 10 1750 +20 200+ 10 3810+80 58+4
p.ll(.“ <45 4903 4830+ 70 17+0.5 24+1 340+ 4 92+5 1370+ 10 170+ 10 2790 + 70 43+3
|Ayjj|>28 958 930+ 30 8.1+0.2 62+0.3 61+2 12+1.3 252+6 35+2 560 +30 61
mjj > 500 298 245+ 6 55+0.1 2.1+02 23+1 4.1+1.1 62+3 9+1 142+5 14+0.6
Nojetsiny gap 147 119+4 4.7+0.1 1.1+0.1 17+1 28+1.1 19+1 4.1+0.7 74+3 0.7+04
Both finygap 108 85+3 4.5+0.1 0.9+0.1 12+1 23+1.1 14+£1 3.1+£0.6 51+3 03+0.3
mee < 60 52 40+2 4.0+0.1 0.8+0.1 32+03 1.6+1.1 3.7+0.6 0.8+0.3 30+2 0.1+0.2
|Adee| < 1.8 42 34+2 3.7+0.1 0.7+0.1 28+0.3 1.6+1.1 33+05 0.7+0.3 25+2 0.1+0.2
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O-jet ep kinematics
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1-jet ep kinematics
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VBF jets
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VBF kinematics

S
imi - Data %% SM (sys @ stat)

1400 ATLAS Preliminary g & woomwy

(s=8TeV,| Ldt=20.7f" [ [ SigeTop

; I Zsets [ Weets
H~>WW( )ﬁevuv/pvev +22) mlgst [ vbtevh (x50)

T e
ATLAS Preliminary 2w 2 ohorbs
(s=8TeV, | Ldt=20.7f6" [ [ SingeTop

o  H Zeets [ Weiets
H-WW —eveviuvpy +2 2 g ggf [ vof+vh (x50)

Events / 0.5
Events / 0.5

15 2 25 3 35 4 45 5 0 05 1 15 2 25 3 35 4 45 5
A YIJ A YIJ
3 T T e 3 40T
8 2500 ATLAS Preliminary o Zsieese 3§ ATLAS Preliminary &0 = Stieos ]
8 [ Vs=8TeV,[Ldt=207f" [DJu  [EdSngeTp ] 3 (5=8TeV, | Ldt=20.7f" [Ja  EdSngeTop 3
~ C “ I Zsels [ Weets ] ~ “ I Zsiets [ Weets B
2 200~ HHWW' sevuviuvey +22] gl oot [ wbiavh (x50) | 2 HoWW eveviuvipy +2 2] gl ggf [ volevh (x50) 4
[ L = o 3
i) C 4 w 3
150/ - E
100 3 E
50
%700 200 300 400 500 600 700 800 900 1000 100 200 300 400 500 600 700 800 900 1000

my; [GeV] m; [GeV]

Joana Machado Miguéns (FCUL, LIP - Lisbon) H — WW* — 2uly with ATLAS University of Pennsylvania - 16.09.2014 63 / 42



0-jet DF signal region
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O-jet SF signal region
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1-jet DF signal region
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1-jet SF signal region
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VBEF signal region
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Signal region
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Systematic uncertainties on predicted signal and
background yields

Source Niet=0 Njeg=1 N2

Theoretical uncertainties on total signal yield (%)
QCD scale for ggF, Nje; >0 +13 - -
QCD scale for ggF, Nje > 1 +10 =27 -
QCD scale for ggF, Nje > 2 - -15 +4
QCD scale for ggF, Nje >3 - - +4
Parton shower and underlying event +3 -10 +5
QCD scale (acceptance) +4 +4 +3

Experimental uncertainties on total signal yield (%)
Jet energy scale and resolution 5 2 6

Uncertainties on total background yield (%)

WW transfer factors (theory) +1 +2 +4
Jet energy scale and resolution 2 3 7
b-tagging efficiency - +7 +2
Jrecoil efficiency +4 +2 -
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Exclusion
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Signal strength
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The banana plot
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SUSY after Run-I

ATLAS SUSY Searches* - 95% CL Lower Limits ATLAS Preliminary

Status: ICHEP 2014 Vs=7,8TeV
Model &M T,y Jets EX™ [Lanm™) Mass limit Reference
T
MSUGRACMSSM 0 26jes Yes 203 |@E 17TV mip-m) 14057875
MSUGRA/CMSSM tew  3Sjts Yes 203 | v any mis) ATLAS.CONF-2013.062
o MSUGRACMSSM 0 70t Yes 203 | any m(i) 08.184
$ P 0 26 Yes 203 |d 1405 7875
0 26jes Yes 203 | 1405 7875
ten  3jets  Yos 208 | ATLAS-CONF-2013.062
@ 2ep  0Bjers - 203 |& ATLAS.CONF-2013.089
2 2ep  24jets Yes 47 s 1208 4688
3 t2rioic 02ps ves 203 | B 70603
§ Yes 203 |k mi})>50Gev ATLAS-CONF-2014-001
£ ino NLSP) 1 w +y - Yes 48 m(E})>50 GeV. ATLAS-CONF-2012-144
GGM (niggsino-bino NLSP) ¥ 1 Yes 48 miit)>220Gov 1211.1167
GGM (niggsino NLSP) 2e4(2) 03jels Yes 58 mINLSP)>200GeV ATLAS-CONF-2012-152
Gravitino LSP. 0 monojel Yes 105 m(G)10 eV ATLAS-CONF-2012-147
53 0 3h  Yes 201 |E 125 TeV m(E{) <400 Gov 1407.0600
S 0 70jets Yes 203 | 11TeV mii}) <350Gev 1208 1841
L Oten  3h  Yes 201 |F 134 Tev mif})<400Gev 1407.0600
& Olex  3b  Yes 201 [ 13TeV mif})<300Gev 14070600
26 Yes 201 B 100620 GeV. miif)<s0Gev 1308 2691
= 2¢4(88) 03 Yes 203 |hy 275440 GeV.
£ 126 Yes 47 i 110867GEVI 1208.4305, 12092102
) 2ep  02jels  Yes 203 |7 130-210 GV 1403.4853
2ep  2jels  Yes 203 | 215530 GeV 1403 4853
33 Yes 201 |0y 150580 GeV 1308.2631
§ Tew 1h Yes 20 |@ 210.640 GeV. 1407.0583
8 0 2h s 201 |iy 260640 GeV mif})-0Gev 1406.1122
=5 0 monodetictag Yes 203 |7 90-240 GeV' mm(¥])<85 Gev. 1407.0608
2eu® 16 Yes 203 & 150580 GeV. m(E])>150Gov 1035222
3eu® b Yes 203 & 290600 GeV mitt)<200Gev 1a05.5222
2ep 0 Yes 208 |7 90325 Gev m‘m.m,v 14035294
26 o Yes 208 [if 140-465 GeV 14055204
=% 21 S Yes 203 |¥ 100:350 GeV 14070350
o VLU, 6 3en 0 Yes 203 [ipi 700 GeV. 14027029
S e wit 23cu 0 Yes 203 [EE 420Gev m 14035204, 14027029
T Tew 2 Yes 203 |BE 285 GeV m(E7)-mii), mif)-0, septons dor ATLAS.CONF-2013.093
5 ¥os -kl 4en 0 Yes 203 |Foy 620 GeV. m(E)=m(3), miE)=0, (7, 7)=0.5(m(E)sm(¥{)) 14055086
Diec T117 rod. bng e ¥ Disapp 1ot Yoo 203 |1 270 Gev. (i) miit)= 160 MoV, 1 ATLAS-CONF-2013.069
S 2 Siable, stopped ¢ A-hadro 0 1Sies Yes 279 |& 832GeV. U100 o 0 <r <1000 13106584
GMSB, stable 7, 11+7(z. \ e V20 - - 159 10<tang<5 ATLAS-CONF-2013-058
GMSB, xﬁya long-lived ¥} 2y - Yes 47 o. mw‘(,d ns 13046310
g (RPV) Ty displovix - - 3 10TeV. 15 <cr<156 mm, BR)=1, m(i})=108 GeV | ATLAS.CONF-2013.092
LRV ppsis 4 Xvrmse 4t 2en - - 4 010, 1,005 ez
LV ppsv + Xovoe +1 Tepsr - - 4 E=010, 11s=0.05 12121272
3 einear Py oyiss 264(SS) 03h Yes 203 |dk 135 TeV @=m(), cris <1 mm 14042500
& en - Yes 203 | 750 GeV. (Koo 2 14055086
Benst - Yes 203 [& 450 Gev miED0 21m(ET), ds0
0 e7jes - 203 | 916 Gev SR aR-B- ATLAS-CONF-2013.081
ot nosbs 24(SS)  03h  Yes 203 |E 850 GeV 1404250
Scalar gluon pair, sgluon—+47 3 4jts - 46 |sawon © o 100287Gev. incl.imit fom 11102693 12104826
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“Only a solection of the available mass limits on new states or phenomena is shown. Al limits guoted are gbserved minus 1o theoretical signal cross section uncertainty.
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