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ATLAS and the LHC: Run | performance

The LHC has performed very well
Peak luminosity: 7.7 x 1033 cm-—2s-1
More than 25 fb-! delivered to ATLAS and CMS.

B T
line Luminosity  Vs=8TeV

red: 23.3 b
rded: 21.7 b

ATLAS has collected data efficiently
- Collecting good data 95% of the time
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High quality data for physics analysis:

Day in 2012

47 -49fblatys =7 TeVand 20.3fblat Vs =8 TeV

Luminosity

=t Pile-up has been higher than foreseen
Well modelled
Not a major issue for analysis
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What has happened since the discovery?
4t July 2012

Combination of results H—yy, H>ZZ* & Phys. Lett. B 716 (2012) 1-29
H—>WW* with full data (25 fb1) to % 0E ATLAS  2011-12  ve7 .8 Toy -
determine g 11\\
— mass and couplings (arxiv:1307.1427) 2L | :
= spin and parity (arxiv:1307.1432) ol j " §
Preliminary results: A S—
— H—vyy differential cross-sections (25 fb1) T i, 71 S
(ATLAS-CONF-2013-072) I T

—— Observed E’Ep tngaIihs

= VH with H—bb (25 fb1) (ATLAS-CONF-2013-079 15786500~ 300 405" 506"
— H—11 (18 fb!) (ATLAS-CONF-2012-160) my, [GeV]
= ttH with H —yy (20 fb1) (ATLAS-CONF-2013-080)

= Houu (21 fbt)  (ATLAS-CONF-2013-010)

= H —>Zy (25 fb1) (ATLAS-CONF-2013-009)

= VH with H>WW (25 fb!) (ATLAS-CONF-2013-075) Cross section limits/significances

= ZH with H —invisible (18 fb'1) (ATLAS-CONF-2013-011) | Presented are based on the
signal confidence level (CLg)

= High mass Higgs (25 fb) determined using the profile
—=H—>ZZ—4 leptons (ATLAS-CONF-2013-013) ';ke“hood Crinetf_}od (arxiv:1007.1727).
t 9. :
—H->WW-—evpv (ATLAS-CONF-2013-067) CONE o0 A 0me o AT
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WH: 0.70 pb / ZH: 0.41 pb/ ttH: 0.13 pb

Higgs BR + Total Uncert
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Production and decay modes at the LHC

Cross sections SM Higgs 125.5 GeV @ 8 TeV
» Gluon-gluon fusion (ggF): 19 pb
 Vector boson fusion(VBF) 1.6 pb
« Associated production:

107

1=

LHC Higgs Cross Section Working Group

=_~\
E YY Zy E
J00 720 140 160 180 . 2
M, [GeV]
AF&A 'gg UNIVERSITY OF
experiMent &7 LIVERPOOL

\s=8 TeV ]

| | 1 |
LHC HIGGS XS WG 2012

10
s -
% 10—2..\I..\\...\\\.I.\\I.\.I
80 100 120 140 160 180 200
M, [GeV]
The decay modes of a 125.5 GeV SM Higgs
bb WW* T 77* Yy Zy [T11)
57% | 22% | 6.2% | 2.8% | 0.23% | 0.16% | 0.02%

Many have contributed to the calculation cross section
branching ratios. For a detailed description and a complete
set of references see CERN Yellow Reports I, Il and I

(arXiv:1101.0593, arXiv:1201.3084 and arXiv:1307.1347)
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http://arxiv.org/abs/1101.0593
http://arxiv.org/abs/1201.3084
http://arxiv.org/abs/1307.1347

Higgs decays to bosons
Hoyy, H>ZZ* — 4], HHWW* —lvlv
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arxiv:1307.1427

H—yy

Small branching fraction, but excellent mass resolution.
Sensitivity to spin (0*/2%) / excludes spin 1 (Landau-Yang)

Y i

‘ \I
Excellent y-jet separation in 1st layer of
Liquid Argon calorimeter.

CATLAS

-’ EXPERIMENT

Only ~25% of background is from jet-jet
or y-jet events

3
3
©

> 10000 T T T T T —
3 = ATLAS :
o~ e Data201142012 -
; ———— SM Higgs boson mH:126.8 GeV (fit) _]
c C ===+ Bkg (4th order polynomial) 7
Q@ s000— i
i1} C ]
4000 — :
Extract signal in simultaneous fit of signal and 1877 [ san -
r \s:aTeijdt:20.7ib" 7
background. R g
el 400E- |
e } =
o AR poa tae 4
A A AERAEERRSNE
g -200 ,
] 100 160
eV]
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http://arxiv.org/abs/1307.1427

Inclusive
Unconv. central low P,

Unconv. central high P,
Unconv. rest low P
Unconv. rest high P
Conv. central low Py
Conv. central high P,
Conv. rest low P,
Conv. rest high P,
Conv. transition

Loose high-mass two-jet
Tight high-mass two-jet
Low-mass two-jet

ET™ significance
One-lepton

@AMA@

XPERIMENT

H—yy search categories

ttH
H—yy

ggF mVBF WH ®mZH

ATLAS Simulation

0 10

20 30 40 50 60 70 80 90 100
signal composition (%)

3 VH enhanced categories:
* low mass jet pair
* 1 lepton and/or missing E;

P24 UNIVERSITY OF

&/ LIVERPOOL

arXiv:1307.1427

9 combinations of:

« converted/unconverted
« forward/central

* p;range

2 VBF enhanced
categories

* high mass jet pair and
BDT cut

————— e
—4— Data 2012 (sidebands)
Cyr+vi+iv+i —
777 VBF m, =125 GeV
REA agF mH:125 GeV

F ATLAS
025 |s_gTeV JLdt =207’

o+t H—yy

0.15F

Events (normalised to unity)

0.41F

0.05F

N e St e
-1 -08 -06 -04 02 0 02 04 06 08 1
BDT response
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arxiv:1307.1427

H—yy results

(_c:j- 1182 gf\gH—) Lexpectedp ATLAS
. 5 0 o o 0 — Observedp
Overall signal significance: | 2 i ——'  ———<=

7.40 (4.30 exp.) sk

-~
------
........
--------

as®
i
.-
.......
-----
.....
amw

10°F el e
10°® Data 20111s =7 TeV
107 — Obs. 2011 4
18:2 e Exp. 2011 ILdt=4'8fb
T T T 1 ! LN I N L B O L L L B 10710 —(Igbs:g‘:zz Tata2012\s=8TeV
C : _ . 107~ EXP. Ldt=20.7 b’
MVH :_ I ; .l:.:II :: Total = ::8—13
- —— Stat. - 107616 420 125 130 135 140 145 150
- 5 B my, [GeV]
- : — Syst.
1) — H—+——t -
VBF L ' ] 5 o .
: g 1| Best fit signal strength:
- Is=7TeV [Ldt=4.8fb" 3
— : H-=—H =
Maghit | : Is =8 TeV [Ldt=20.7 fb" ] KL= 1.55+0'33_0 28
- ATLAs E
C 2011-2012 -
08 C : H-=—H N
- l | I mHT1268GIeV . h 1 O-XBR
I | [ | I T I I T W ere: p—
0 1 2 3 4 5 6 (6 v BR)SM

§

Signal strength

P24 UNIVERSITY OF
AP.HE.PLJ‘%E\T)F & [LIVERPOOL Joost Vossebeld, SUSY13
IM



http://arxiv.org/abs/1307.1427

NEW: H—yy differential cross sections

Repeat fit to extract signal in each bin
(Signal model: ggF + VBF + VH + ttH @

example:> 3 jets

Events / GeV

Data-Bkg

120

100

80

60

40

20

EXPERIMENT

e
KR

UNIVERSITY OF

LIVERPOOL

ATLAS-CONF-2013-072

m,=126.8GeV)

~ —@— Data
— —— Sig+Bkg Fit
[ ----- Bkg

ATLAS Preliminary —
pp—H—7yy, 15 = 8 TeV
[Ldt=2031b"

N_.=3

jets=

Joost Vossebeld, SUSY13

150 160
m,, [GeV]
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ATLAS-CONF-2013-072

NEW: H—yy differential cross sections

Preliminary
F 2: L | i | L | i | | L | [ | LI | [ | [ | LI . § 35: | | |
& 1.8 ATLAS Preliminary +- data syst. unc. 3 ~. [ ATLAS Preliminary ¢- data syst. unc.
é 16 :_ @ gg—H NLO+PS (Pownec+Pv8) + XH o 30:_ gg—H NLO+PS (PowHEG+PY8) + XH __
o o [l gg—+H NNLO4NNLL (HRes1.0) + XH 7 25:_ 7/} 99—H+1] NLO+PS (Miio HJ+Pv8) + XH ]
o 1'45_ —- XH = VBF + VH 4 TH E 7 --- XH = VBF + VH + fIH ]
_8: 1 25_ H—yy Vs=8TeV _E 20 H-yy, {s=8TeV _:
s [Lat-203" - 15 [Lat=203m"
0.8¢ = -
0.6 s E 10F -
0.4¢ 153 = C 1
- A . 5_ —]
RS 3 a It E
0.2¢ L k [%_ : - ! :
Eiddortad=i=l~rt === t4=fojp R BB i A A - B T 4 Fommm e e === | N v v v v
E 0 L # T | T T | T | T | T T T T TT T T TTT 8 0 | | |
: . _
(o)
S 5 : o
i - =L 2 2 -
I RSN R S 3 ’
D- L1 1 | | | 111 | L1 1 I | I L1 1 J 11 1 | L1 1 | 111 | L1 1 ] O | |
0 20 40 60 80 100 120 140 160 180 200 0 1 2 >3

Particle level P, [GeV] Particle level N,

jets

= for other distributions see ATLAS-CONF-2013-072
P; spectrum in data appears harder but errors (stat & theory) are still large.
No significant disagreements with expectation SM Higgs
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arxiv:1307.1427

H—>ZZ* — 4 leptons

Small branching fraction, but very clean and good
mass resolution.

Good sensitivity to spin and parity (0*/0/1*/1-/2%) ==

Analysis subcategories

* VBF enhanced: high mass jet pair (|JAn|>3)
* VH enhanced: additional lepton

» ggF dominated: inclusive

€4O_—‘D a 2011+ 2012 ATLAS o° T T L B U S I
ATLAS =

o -S“'j'ii’;“;’;ﬁ“ Ho>ZZ" 41 5 10—z .
R S e L ALy P 1 [N PR
307 ;zy gron 4 Zofes, 10:85&8%'%';'4'89 \s= BTeVJLdt —20.7 174 ATLAS == G(stat) -I-Otal uncertainty
L 10" = é ;?x
DAL e L = o(sys)
’ wf gl M= 1295GeV otheo) |+ 1o ONp
wp " (Hozzeoa o ﬁ
10° 160 L0.40 |£0.17 —_—
10’115 17 W=143 014 ‘ L | L
10130 e B 2T IBF+VH ke T - '1'"21'1'.&"{{.'6" :
110 120 130 140 150 160 mLT[%ec”so categories =1z ol-09 B -
my[Gevp TRIEEAL e e T T .
= coz:{]ei]rories H= 1'45t2:2 +0.35 — N
- - - - . |
Overall signal significance 7 Tot e t0a5 b 1 2
6.060 (440- exp ) s =8 TeV [Ldt=20.7 b’ Signal strength (u)
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arxiv:1307.1427

H->WW~* vy

High branching fraction, but limited mass resolution and significant backgrounds.

> F =
) = > T E
A I t g 700E ATLAS H—>WW —>evuv+OJets: 2 a0 ATLAS o Data 201142012 _: % [T )
Nalysis CAtegOries = w owfumm  voon o 500 AT S22 3 Farias ADRSIARE
. £ 5003 z : ;:1:25 E:ZO" 1 5 700E \sogTev [Ldt-207 1" sy "'99‘2:“:"3 ERR [ Vs=7Tev [Ldt-481" l‘::' 5'9":’2‘;‘(3 v
? | z . m, = eV J N N m, = eV |
° ee “M or el.«l palr & c mo-i2sGey § @ GO0 HoWWsviv + 0/ jets m ww 1 5 qob ve=sTev JLat-2071" gg,;m::mme\,_
! 4001 (0 ww = " 500 [ 4 = [ HoWWseviy +22) ]
. F [+ B 400 I other vy 3 ¢ L B ww ]
[ ) O 1 Or >2 ets 300F [ Wejets — [ Single Top 1 o 8- " .
] e [ Other W 3 200 [ Weets E L W zv
200 [ Single Top 3 oz E o I other vv
100 m zy = 200 65 - Single Top N
B 100 [ ] wijets
; 4
o F : Ll
é : ; ? \ | 3 C%’ 1g8 -#- Bkg. subtracted data 3
g ‘15 ~ - . e t ;M/ B .‘:.3. gg [] SMHiggs boson m_ = 125 GeuE 2_ i
3 08;, D770 A /»'/“ ;/ *$+ +f /+,4/f? /7,5. 8 0 E i‘
OIBE -® Data2012 [] SMsig.+bkg. 3 28 oEr— ccns i
it S P AN TN B 3 50 100 150 200 250 300
50 100 150 200 250 60 80 100 120 140 160 180 200 220 240 260
m, [GeV] m; [GeV]

Localp,

10} g B B B L B B R DL I
. ATLAS \s= 7TeV ILdt 46fb1
10°E Howw Ssiviv \s=8TeV [Ldt=2071b"
10 —* Obs. [RES K
— Exp. m, = 125.5 GeV O+
1

sl
190 200
m, [GeV]

Ll
180

bl
170

10°® AR
110 120 130 140 150 160

>2 jets case

m; [GeV]

optimised for VBF

ATLAS

my = 125.5 GeV

H— WW* - Ivlv
w=0997

oijel woomi]

2jetVBF  p=14"

-+ G(stat)
o(sys)
co(theo)

+0.21

+0.21

Total uncertainty
+1conpu

Is=7TeV |Ldt = 4.6-4.8 fb

\s=8TeV |Ldt=20.7 fb”

Evidence for a Higgs (over broad range of masses)
3.80 excess observed (3.8 o expected) for m,;=125.5 GeV

@ATLAS

EXPERIMENT

UNIVERSITY

LIVERPOOL

Hr

. 0

Joost Vossebeld, SUSY13
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H—yy,ZZ* WW* combined

Mass
Couplings
Spin and parity

IIIIIIIIII

ATLAS

EXPERIMENT

LIVERPOOL Joost Vossebeld, SUSY13



Higgs mass

> T T T —
& ATLAS ] E 40 *® Data2011+2012 ATLAS
o ®  Data 201142012 N [ SM Higgs Boson
~ 0 SM Higgs boson m, =126.8 GeV (fi) ] H % / H H 2 2 * H 4| e F - m =1§33G5V (i H—ZZ*—4l
T L ey remeese Bkg (4th order polynomial) . E 35— " ) . \s=7TeV JLdT =461fb"
@ C I 2 r [ Background Z, ZZ - J‘ - 4
i ” w £ . \s=8TeV |Ldt=20.7fb
w - Hovyy B ) C [ Background Z+jets, ff
ool ‘ arXiv:1307.1427 30F 7 systune.
C |s=7Tevaut=4B|b‘ ] E
2000{— =
C Vvs=8TeV J'Ldt 207 1" 7
(=2} 500
-] 400
i = J\
2 200
[ 100
9 o= + + A& +
- i
o 160 150 60
m,, [Ge\n’]

H—>yy . m,, determined from H -4 leptons: R,
combined fit in all categories. m,, determined from unbinned

m,, =126.8+0.2(stat)=0.7(sys)GeV |ike|ih00d fit
=124.3"22 (stat)"3 5 (sys)GeV

Mass difference 2.4c, which has a

% - ATLAS J : _ gum:inz Eslaﬂsyis]} 0 - ATLAS —— yy+ZZ"+WW* combined
N[ ys=7TeV([Ldl-4648 M ------ Comibined (stat anly, 1 5 / b b I 35 \s=7TeV [Ldt=4.6-4.8 fb — Hoyw
\s=8TeV [Ldt=207 fo" - :ﬂg —1. 0 pro a I Ity to Occur' \s=8TeV{Ldt=2o.7fb" —— H-oZZ -4
= —— HoZZ' 54l

— H—=WW* - iviv

(increases to 8% if we assume a flat
prior for the energy scale uncertainties)

XK Bestfit

Signal strength (u)

Combined mass

=125.5+0.2(stat) 23 (Sys)GeV

L J | L1l l 111
122 123 124 125 128 127 128 129 0
my [GeV] 125 130 135 140 145 150 155

my [GeV]

’?’? UNIVERSITY OF
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arxiv:1307.1427

Couplings combination

Combined results H—->yy, H>ZZ*—-4l, HHWW*—lvlv channels, including
VBF or VH enhanced cases.

ATLAS "“’:5‘3‘)’ Total uncertainty
o(sys

m, = 125.5 GeV o(theo) +1conu

+0.23 :
H- vy 03 [£0.15 —
__________________ h= 100 15 A
Lowp, -t o ==
Highp, n=17"lo5 - —
[2jethigh ™ T e

VH categories 11 =1.3"7|+0.9

Hozz a0 Overall signal strength:

VBF+VH.iike delvie | B

categories M= 120500 | P 1 33+021
Other _ +0.43 : —

categories M= 1455 [+0.35 o el ﬂ ] O 18

H— WW* > viv 02

a1 |£0.21
,,,,,,,,,,,,,,,,,, H =00 1012 |
0+1 jet n=082702 14022 |
Py N : :
Comb. Hoyy, 22, Ww+ 014 N Statistical, systematic and theory
ke 1 4 ; uncertainties are already comparable.
\s=7TeV [Ldt = 4.6-4.81b"
Vs =8TeV [Ldt=20.7 b Signal strength (u)

P24 UNIVERSITY OF
@Aégp%%ﬁ & [LIVERPOOL Joost Vossebeld, SUSY13 15
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Evidence for nggs production Vvia axiv:1307.1427
vector-boson fusion

VBF enhanced analyses in H—yy, H—>ZZ*—4l and
H->WW*—lvlv all find a VBF component consistent
with the SM expectation.

ATLAS =+olsta)  Total uncertainty

. my=1255GCev ;’E::’i) 15 +92G
Combined the VBF(+VH) to ggF(+ttH) ratio is . S L T
-0 A\ .
b g gog )\ T
Hsrovn 4 4407 ;; i R
=1.4 ¢ ezoa .
= ggF-+ttH = 06 =
H— WW* - viv EE
pmsozotsiel O\
- Combined toa i * —
3.3 ¢ evidence that a non-zero Hom 2z wwe Lo LS
fraction of Higgs events is Fon ™ Woslonel T
produced via vector boson fusion | sree-seee 01 203 /4 >
\s=8TeV |Ldt=20.7 ib" MVBF+VH “’ggF+nH

P&4 UNIVERSITY =
@A@Eﬁh ﬁAEﬁr & LI\/ERPQQL Joost Vossebeld, SUSY13 16
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COUplIﬂg parameters arXiv:1307.1427

w e LA L B B

§ ACATLAS g:—w' EH*'\"" 1 Assumption:
- \s=7TeV|Ldt=4.6-4.810" =YY Combined . .
3 1= TovJLat=207 +sv  xgestFit | Single narrow resonance with m=125.5GeV
- R 5 of ATLAS + SM -
1= - F Vs =7TeVLdt=4.6-4.81" x Best fit E
- ] ~ \s=8TeV [Ldt=2071b" —68%CL ]
of . 1.8 combined H-syy, ZZ*, WW* " 95% CL =
C . 1.6;* =
33 E 14E E
E III!IIL\\Jlll”llllllll]lll : 1? i
06 07 08 09 1 11 1 2 1 3 1 4 1 5 1 .6 0.8F =
Ky 0.6} -
K Ky - scale factors fermion/boson couplings T T T R S 1

kg = 0 (fermiophobic H) excluded at >5¢ CL
Negative k¢ still allowed at ~2c level
68% CL intervals:

K4 K, : scale factors for gg—H and”

H |
TR e —1.04+0.14

k. [0.76, 1.18] x, =1.20+0.15
K, <[1.05, 1.22]

Custodial symmetry
Az - ratio scale factors for W and Z couplings

(hwz=1INSM) 13 —0.82+0.15

P24 UNIVERSITY OF
@AP.HE.PL ﬁ%ﬁr &/ LIVERPOOL Joost Vossebeld, SUSY13 17
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§

arxiv:1307.1432

Spin and Parity of the candidate boson

Test various options (JP=0-, 0*,1-,1*,2*) using angular and kinematic
distributions in H—yy,H—>ZZ*—4l and HH>WW*—Ivlv.

ATLAS

EXPERIMENT

&4 UNIVERSITY OF

&/ LIVERPOOL

For a detailed description of the used
theoretical calculations and a complete set
of references see:

CERN Yellow Report Il (arXiv:1307.1347)

Joost Vossebeld, SUSY13
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Normalised to unity

JP=0* vs 0" (H—>ZZ*—4l)

arxiv:1307.1432

'-020-""\ ‘I""I"">25‘I' I T T T
g18:_ e Data ATLAS 3 8 [ * Data ATLAS
%16;=2:z:§:$:g Z;ets tt H>22'-4 - f20:—=2:z:z:23:3 Z;ets tt Hozz=4l -
514;_JP=°+ 1s=7 TeV det=4.6fb'1é %—J S0 \s=7 TeV |Ldt=461b"
job =0 1s=8 TeV [Lat=207 "] W g =0 \s=8 TeV [Ldt=20.7 "]
10?— 3 i
8t
oF
at
i
0
-1 -0.5 0 0.5 00391
0.25] ATLAS —pata | Measure the log likelihood ratio q
I H—oZZ* = 4l i
L ; 7JP=0+ ]
X SR AP g = log L(JP =07)
015/ ; L(J"=0")
P L
01 N and compare to the expected distributions.
L J | \
0.05] | : :
: | Data agree with O* hypothesis,
950 O hypothesis is excluded at 97.8% CL

\TLAS &
W

YPERIMENT

NIVERSITY OF

LIVERPOOL

Joost Vossebeld, SUSY13
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JP=0*vs 1%/1

(H—>ZZ*—>4I / H—>WW*—>IVIV)

o T 7 > T T T
€ ol ATLAS o ] 8 a0 ATLAS 2
arXiv:1307.1432 ';I- 500_ \s=8TeV | Ldt=20.7 16" ;fﬂ o?- ] © 8005 \s=8TeV |Ldt=2071" ;ng ogl
E 400:_ H—-WW*—evuv/uvev + 0 jets E ;\:":&ts _: % 7005 H—-WW*—evuv/iuvev + 0 jets E ;\ﬁ:m
S - [ Weets - > 600 [0 W+ets
. > r I wzizzwy
Observation H—yy decay " ok O . H-oSWW* 5 evuy
prohibits spin 1 option (Landau- : e ] 400
Yang) for on-shell particle. 200~ il E
1oof :
H —»ZZ* — 4 leptons :
N SR SN I A ’-‘1,3: E 5
o30'_ * Data ATLAS J 2 12 . 3
;‘,,; - [l Background ZZ* HoZ7% a1 E) 1 &
%25 -BackgroundZ+Jetstt % gg_ ‘1‘1“1_ %
W Sl (87 TeV Lot =46 70" - g 0% S 8
ool =T \s=8 TeV [Ldt=20.7 fb"] - f’u[ra]
i ; % - ATLAS —Poo ] g 0.4 arLas | _Jp=0+ n
F i 0.3- Simulation ys = 8 TeV R A i L Simulation \s=8TeV Pt ]
E § . ] H— WW* - evpviuvev + Ojets F=1 ] § 0.3 H— WW* - evuv/uvey + 0 jets o P _i
C 5 i ] 5 ]
L < C ] < _]
-1 05 0 05 1 A i
BDT output - N s ]
S 1 0—% 40 60 80 100
m, [GeV]
Combined ZZ*/WW*data agree with 0* hypothesis,
JP = 1* hypothesis is excluded at 99.97% CL
JP =1 - hypothesis is excluded at 99.7% CL
@ A Q P&Xd UNIVERSITY
», - Joost Vossebeld, SUSY13 20
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JP=0* vs 2* (H—yy | H>ZZ*—>4l | HHWW*—=|vlv)

BDT output based on WW* variables

arXiv:1307.1432

2500_""|""|""|""|""I""I"" rrrrpr T T

s [ arias’

Hoyy —f 2'5 p-elsd
.

S [ e Data 7 g e ”IL“ T e ot ]
8 L B L E N /r=0 == H—>YY 1 (=%
E ATLASJ. 1 —+ Data—background: § 2000_— 1 Background ¢ ] ma; ++ 3
w L Vs=8TeV |Ldt=2071fb N I} B 3 i E E
- H— WW* — evuv/uvev + 0 jets [:I f=0 :j | 7 5‘: ! | "
1500? __ 0‘1 0‘2 0‘3 0‘4 D.‘S OIS 0‘7 D‘E B‘Q
1000% __ 200 \:tL:iv JLIm=2u;1ﬂ: 75517!‘:";.;"::”:
5001~ 1 [ ]
[ \s=8TeV det=20.7fb . ] + |
‘ ‘ A nnnllnnnnllnnnnllonnnllonnollennnllonnnllononllnnonllont e
10 20 30 0 01 02 03 04 05 06 07 08 0.9 o os e me g e ores e
BDT output
3 T T T T T T T T T T T T T |COS e*|
‘E ATLAS J- — Data—background:
w L Vs=8TeV [Ldt=2071b' P2t =100% .
e 72T \We vary the production mode AtAs
H— vy ¢ Data
+ s=8Te' =20.71b"
for a 2* boson from fully gluon BB G enpocis

) assuming JF = 0"
\s=7TeV [Ldt=461b" Biio

\s=8TeV [Ldt=20.7 b’

induced (f,,=0%) to fully quark
induced (f,,=100%) ~ )

H— WW* — evuv/pvev
\s=8TeV [Ldt=20.7 b"

BDT output

Data agree with 0* hypothesis for all f,
2" hypothesis is excluded at >99.9% CL for all f,,

0 25 50 75 100
(%)
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Higgs decays to fermions
H—bb, Hott
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Events

Data/MC

VH with H to bb

Abundant channel with difficult backgrounds.
Flavour composition of the main backgrounds is determined from data.

Analysis split in to many categories:

number of leptons =
number of jets (b-jets) =
[< 90 GeV]/[90..120 GeV] /[120..160 GeV]/[160

pV =

0 leptons (ZH—>vvbb)

807—“‘I

70F

50—

—_—
r ATLAS Preliminary
E \s=7TeV [Ldt=4710"
C \s=8TeV [Ldt=203 "
60—

0 lep., 2 jets, 2 tags, p:>200 GeV

— T
-8-Data

[ VH(bb) (best fit)
vz

ainty
re-fit background

@

ATLA&

EXPERIMENT

0/1/2
2(2) /3(2) 1 2(1) / 3(1)

1 lepton (WH—)Ivbb)

E ATLAS Prellmlnary
B0~ \s=7TeV [Ldt=4.71b"
C \s=8TeV [Ldt=2031b"
50— 1lep., 2 jets, 2 tags, p::-200 GeV

Events

40F

-
-VH(bb) (bestfi)

Multiiel

it
[ t, s+t chan

Data/MC

&4 UNIVERSITY OF

3

LIVERPOOL

ATLAS-CONF-2013-079

..200 GeV] / [> 200 GeV]

2 leptons (ZH—llbb)

Frr T 7
18" ATLAS Preliminary
16l 15=7TeV [Ldt=47 1" . Zibb
F \s=8TeV [Ldt=2031"

14— 2lep.,2]ers,2tags,p:>200 GeV

Events

12F

Data/MC

ZZZ

Pre-fit backgroun:
VH(bb) (1=1.0)

100 150 200

250

m,, [GeV]

Joost Vossebeld, SUSY13
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VH with H to bb S

- T T T 1 LI T T T T 1T 1T T 1 T T ]
_E L .ﬂﬂ_.ﬁg F'rellmlnarg,' ;Elih:muu]-:hen T
= I E-77ev [Ldt- 47 & O ey
E L {5=8TeV [Ldt=203 ' COvHibE) (=100 |
= m &+ 1+2 lep., 2+3jets, 2 tags 7]
L D-B__ Weighted by Higgs 58 ]
{ -

E - -
o0 - _
0 D.E:_ ]
e

E - =
g L | i
o 0.4 f ]
o L i
@ i i
o

- — —
= - s
é - -

50 100 150 200 250
my, [GeV]

CONF-2013-07/9

Background subtracted m,

distribution, combining all regions with

S/B based weighting

ATLAS Prelim. |—=o(stal)  Totg| uncertainty

my = 125 GeV o) + 10 on 3
VH(bb), 7 TeV e | b
p=-21"4" S T

14 |%0.2 I

VH,Olepton M =-2777 418 'I_II_'

I o 1
I

VH, lleplon =25 | js16 | e |

Combined 2011 + 2012 result :  ©°
data are consistent with either SM

backgrounds only backgrounds + Higgs | .~ """ | L

Best fit signal strength:  pu=0.2"07 ¢

1s=7TeV [Ldt=4.7fo"

QATLAS & [1virpoOL

1s=8TeV [Ldt=20.3fb"

Joost Vossebeld, SUSY13

VH, 2 leptons 1 =0.6 ' |£3.1 ; ——— |
+0.5 S 1 .
VH(bb), 8 TeV 007 [£0.4 ‘ .__;. 5
,,,,,,,,,,,,,,,,,,,,, no f;<01 1 Lo ' !
VH, 0 lepton 1 =09 ' |+0.8 L :E: B
(\a‘\l VH, 1 lepton n=0.7 H +0.8 1 [ -—I-—- |
e\\" VH, 2 leptons 1 =-0.3 1; - ‘I:L—' ; e
[+0.5 : :
Comb. VH(bb) 0007 [£0:4 : L ;
=7 0s <01 1 Lo Lol
VH, O lepton 1 =0.5 (1': +0.8 : 'I—I—‘-' o
L= O 1 1.0 : :
W tepion =01 o |
VH, 2 leptons 1 =-0.4 " 7i1.2 L + ,i L
o 2 4

Slgnal strength [u]
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Events / 20 GeV

Hortt

ATLAS-CONF-2012-160

Search in lep-lep, lep-had and had-had channels

Analysis splitin 0,1, 2 jet case (2 Jet case optimised for VBF/VH)

B — 8l"" T o LA AL L LI B L R L
30~ 1 et e+ Hi2et VBF g IH_)T,; | | ATLAS Prellmlnary %' ATLAS Prellmlnary I'-dt= 46" \s=7TeV 3
a e Data ] 71 —e—ObservedCcL, | Ldt=4.61"15=7TeV 18 L [ Ldt=13.0 ", \s=8TeV]
r - Expected CL, [ Ldt=13.0fb", |s=8TeV 12 | —ObservedH— 1 _
25:_ ;éi:,c(.lzs)_)ﬂ 3 67 |:|+2cs j 10; --- Expected for SM Higgs Boson E
L Bl Z—eeup E DNES Y 1 : . Expected for SM Higgs Boson at m =125 GeV .
201 I (7:single-top S R
3 WW/Wz/ZZ g 1F =
150 I Fake leptons ] 4r F
L 7z BKkg. uncert. ] B ...
100 [ro-1sow | 3 107l 5
: \s=8TeV ] 5 E 3
5f ATLAS Preliminary 1 S - o
: ] 102E 5
oL ] I RN B BT R i S B I A
0 50 100 150 200 2&&80,3 S[E’c?eéfo 0700 110 120 130 140 150 100 110 120 130 140 150
- my [GeV] m,, [GeV]
Result 2011 and part of 2012 data: ey
‘((\\
1.1c excess over SM background e
Best fit: u=0.7%0.7
Analysis with full 2012 data still to come.
ATLA@ K24 UNIVERSITY OF
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Rare production and/or decay
modes
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Rare production/decay modes

. woltH (H—>yy) ATLAS-CONE-2013-080 o HHn ATLAS-CONF-2013-010
-3::9(0 E — ObserVEd Cl_ ||m|t |t| - YY E g‘ E ATLAS Pre“m”‘]ary E
-Eb 35 —— Expected CL, limit  ttH channels comb. 2 o ~Ob q H"” H -
c L f M+t ATLAS preliminary - E b T Bkg Expected ’ .
- - + 26 | . 2 s0f Eiie Ldt =20.7 fb E
'€ s - Data20121s=8TeV 3 | 4 O : DI_?G I
S PF I Ldt = 20.3 fb” Jae® 2 S \s=8TeV :
O b o9 8 4OF E
32 . 0 :
8 1sf n<53(6.4exp.)@95%CL 1 <9.8 (8.2 exp.) @ 95%CL E
10F- . 20F E
5/ - 1op- E
0? propmigimpmpmgee Dy kil ol ki Mhaki ki bbbk bl iett B 0; acpebiepace i 3

20 122 124 126 128 130 110 115 120 125 130 135 140 145 150

m, [GeV] m, [GeV]

ATLAS CONE- 2013 009
5 ._.)-Z.Y 7)-”.7 —_— . VH->VWW  ATLAS-CONF-2013-027

= 1 3
™ _[Ldt=4.6fb", Is=7TeV -Observed = 3,0l ATLAS Preliminary VH-VWW- 3 or 4 leptons
£ L e Expected = L1rE — Obs
= _[Ldt =207, is=8TeV e E g - Exp.. \s = 7 TeV:|Ldt = 4.7 fb"
©” + 26 . oy ST B+ \s = 8 TeV:[Ldt = 20.7 fb”
& E e\'\«‘ £ [J#20
1 ATLAS Preliminary 3 \
T —
B n<13.5(18.2 exp.) @ 95% CL o "
5 I
= o L
] | o
S U i K\
5 : :
0 T B B | i T | T T | T | T N : u < 7.2 (3.6 exp.) @ 95% CL
120 125 130 135 140 145 150 - ,
IIII|IIIIIIIIIIIIIII|IIII|IIII|IIIIIIIIIIIIII|

mH[GeV] 110 120 130 140 150 160 170 180 190 200

UNIVERSITY m,, [GeV]
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BSM Higgs

A few recent results
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ATLAS-CONF-2013-011

Invisible decays of the Higgs: ZH— |l + Inv
Rate expected in SM (H->ZZ—vvvv) negligible

Channel is sensitive to any new particle coupling to the Higgs, whilst
Invisible to our detectors (dark matter candidates). ¢

Search for an excess of events with
2 leptons + high missing E+
Extract limit from the missing E- distribution

50_...‘|.‘..‘. N

| ATLAS Preliminary \s=8 TeV @ Data j.l‘.:‘l'.’i‘.tﬂ‘b'1

40_ 5 ----- 5 nz mWZ .
L e B Top ]

Events / 30 GeV

30F -+ Signal (SM ZH, m, =125 GeV) ]
20[-

10F

00 50 100 150 200 250 300 350 - 400 -450

ET* [GeV] (\a(\l

Result 2011 and part 2012 data:
BR(H(125 GeV)—inv) < 65% (84% exp.) @ 95%CL
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Search for a high mass Higgs

Search for a high mass (additional) neutral Higgs in the ZZ and WW decay modes.
Preliminary results H—>ZZ—4l available in ATLAS-CONF-2013-013

New: HHWW—evuv search for a SM-like high mass Higgs.

Signal: SM like Higgs with full description of the width and of interference effects.

Vary width between a narrow width and that expected for a high mass SM Higgs.
ATLAS-CONF- 2013-067
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Full combination to come. More WW/ZZ decay channels to be included:
H—>Z2Z-llvv, H—>ZZ-llgg, HHWW-lvqq
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More BSI\/I nggs

ATLAS-CONF-2013-027

2HDM Higgs 3 ] B TS ]
H>WW-—evpy § 0.5k fz:;M'i;; ot I o
(similar analysis to that on previous slide) o s
* 0 jets (ggF) and 2 jets (VBF) % ; % 1
- assume 125 GeV Higgs 05 Tomea] 05 - goomg
candidate is h and look for H B el 24 A, R
in mass range 135 — 300 GeV 160200 z}r’ni [Ge\?;?o 180200 Z?nc:' [ee\?}?o
* No indication of a signal, set limits in m, — cos (a) plane for varying values of tan(j3)
Search for HX— tv + jets Released today! ATLAS-CONF-2013-090 E50; 50122011
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More on these results in paraIIeI talk Alessandro Manfredini
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Summary
LHC Run 1 (2010-2013) a great success for ATLAS

Discovery of a new boson, and first measurement of
its mass, .. . =125.5+0.2(stat) > (sys)GeV
its coupling parameters (all consistent with a SM Higgs)

and its spin and parity .. |Strong evidence J” =0*

No significant evidence yet for fermionic decays, but results
are consistent with SM Higgs hypothesis
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First results on various rare production decay modes (more data needed to observe

these modes)

Direct limit on H — invisible particles | BR(H—Inv) < 65%

Search for high mass Higgs and SM and narrow width approach.

Many analyses of Run | data are ongoing, SO more results to come ....
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Outlook

ATLAS is preparing for LHC run 1I: Vs=13/14 TeV and up to 80 interactions on
average per bunch crossing.

Improvements on electronics, an extra b-tagging layer and improved forward muon
tracking are ongoing.

Major upgrades are being planned for HL-LHC running to ultimately get to ~3000fb-?
per experiment.

Very exciting times ahead ..
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