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Production

associated prod. with tt

gluon fusion vector boson fusion (VBF)  associated prod. with W/Z
q W,z
t
g ; ~H w,zZz
g t q H

\s=7TeV -

—

o

L1 11 ||||I
LHC HIGGS XS WG 2010

o(pp — H+X) [pb]
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Decay

Ww

126 GeV a good
place to be with
many accessible
channels

LHC HIGGS X5 WG 2011

ZZ

Higgs BR + Total Uncert

Combined
measurements across
many production and
decay modes gives
access to ratio’s of
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Introduction

Search channels largely defined by predicted production and decay in SM
(+benchmark BSM) and expected ability to detect a signal above background

Original emphasis — many channels, maximise sensitivity to SM

Channel ggF VBF VH ttH Spin Mass

w v v 7 7
74| v v v v v
WW-lvlv v v v
Zy Vv
Tt Vv v v
pup v
bb v v

Beyond discovery emphasise precise measurement and distinguish between
different production modes by looking for extra signatures, leptons, jets, MET

Continue to search for additional Higgs bosons.
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Data sets for SM Analyses

ZZ: 4 lepton (spin)
ZZ: llvv, llgq
WW: Iviv

WW: Ivlv (spin)
YY:

Yy: (spin)

Zy.

MU

T

VH(bb)
ttH(bDb)

] |

|

|

4.7 fb 13 fbt

Updated at Winter Conferences this year
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ATLAS-CONF-2013-013

Higgs to 4 leptons

Updated for winter conferences with full 25fb-1 data set

Golden channel — clear signature and low background S/B~1.4
% F
¢ 30 e Data ATLAS Preliminary
_ oL () .
4 final states: 8l =Eactgr°””j ;Z . H—zZ"' 4]
o 25 ackground Z+jets,
46, 4“’ 262“’ 2]429 D - |:|Signal (mH=125 GeV)
201~ 77, Syst.Une. 's =7 TeV:|Ldt = 4.6 fb”
. . — ‘o _ . — -1
Single and double lepton triggers ] ' =8 TeV:|Ldt = 20.7 o

At least 2 pairs same flavour opposite
sign isolated leptons

One tight, one loose Z mass constraint

80 100 120 140

160
m, [GeV]



ATLAS-CONF-2013-013

Higgs to 4 leptons

Updated for winter conferences with full 25fb-1 data set

Golden channel — clear signature and low background S/B~1.4

30~ ¢ Data ATLAS Preliminary
~ [ Background zz" H—)ZZ(*)% 4]
25— [Jll Background Z+jets, tf
C |:| Signal (mH=125 GeV)

20:_ 77 Syst.Unc.

Updates since end of last year:

Events/2.5 GeV

improved lepton pair selection
loosened 2"d Z mass constraint

' s=7TeV:|Ldt=4.6fb
and improved treatment of FSR Is =7 TeV:|Lat = 4.6

Vs = 8 TeV:|Ldt = 20.7 fb”

New categorizations:
VBF-like : jet tags
VH-like: extra lepton tag

80 100 120 140

160
m, [GeV]
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ATLAS-CONF-2013-013

Higgs to 4 leptons

Extract signal from 4-lepton invariant mass

Main backgrounds:
SM ZZ* production (irreducible, from MC) S/B~1.4
Top, Z+jets (reducible, data driven techniques)

l—l135 T T L I e L R ) ] L = - T e e R > L .
> s e T SRR ...éﬂ!ﬁ;;;;;;g;_i ug) 30~ e Data ATLAS Preliminary
ERSSEDEIINTERS d & i L Background 2Z"’ *
21300 | g Elsedo - Hozz0sa
I 3 5 250 I Background Z+iets, i
125; = Y ¢ []Signal (m =125 GeV)
1200 0w e E 201~ 77, Syst.unc. 's =7 TeV:|Ldt = 4.6 fb”
] i 's = 8 TeV:|Ldt = 20.7 fb”
115 PRk — - Is =8 TeV:|Ldt =207 fb
: S . 15~
110 L [)m,=125 GeV -
i i EEBkg . 5
105F s fyowas | v Data = 10
& - - A' ATLAS Preliminary o C
100; Hozz"sal = s
: S \s=7TeV:Ldt=46f" B
s - IzaTevILolu 207 16" .
70 30 90 100 80 100 120 140 r%g([)Gev]

m,, [GeV]
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ATLAS-CONF-2013-013

Higgs to 4 leptons

< Y4  Significance now 6.6c (SM expectation 4.4c)
£ | ATLAS Preliminary H—2zz" >4 -
N 12 \s=7Tev: [Ldt=4610" 4
E.‘ \S — 8 Tev: ILdt — 207 fb"‘ : ’j—: [T | T T ‘ T T 17T ‘ \. T \. T | T T T T | L T T T I T 1]
1 0_ — du ﬁH =123.8 fc?g{siat) Lu_;(sys) GeV __ E 5 —_ A TLAS Prellmlnary i
LT de Mym1262 k) Joleys) Gev i © [ 1s=7TeV: |Ldt=4.61" HozZ" 54 |
8 — 2e2u ﬁH =125.0 f;g{slat) f;f(sys) GeV ":.' . 9 4 ; \"“S —8TeV: _[Ldt - 20.7 fb1 ;
. 2u2e M = 122,677 (stat) o(sys) GeV 7 4 - i ]
5 \ g - —_ B + Best fit -
Y - —68% CL .
2 gl --- 95% CL b
AN N n - ’ .. without MSS(e) and -
i ‘t?j‘.\ MSS(u) in lighter colours |
2 ol AN N
L NS ; |
122 123 124 125 126 127 128 i ]
my [GeV] 1: i
mH - 124'3 i 0'6 (Stat) i 0'4 (SySt) Gev O_ Lo by b by v by by by |:
122 123 124 125 126 127 128

One VBF-tag event at 123.5 GeV, expect 0.4 from SM (in low mass region)
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ATLAS-CONF-2013-030

Higgs to 2 leptons and 2 neutrinos

Select for 2 OS leptons (e or p) + missing ET + VBF jet tagging for Njets>=2

Categorize according to lepton flavour, jet multiplicity and dilepton mass:
varying backgrounds, S/B and sensitivity to production modes

| L T T T T ] T — T T T T3 E | L T T T ] T — T T T e

PR —— Dalm %% 5M (sy= & stat) —J = . - Data #%= SMisys@stat) 7

ATLAS Preliminary gguw Wz, 525“[’0 ATLAS Preliminary g uw Evzzzwy,
F=8TeV,| Ldt=207 i Eg Ei_lnglﬂw E=8TeV,[ Ldt=207 i Eg Eimglﬂnp

™ +els +|BlE - ™ +els +]BlE -

H—=WW —swnviuvey T EIREE H—=WW" —eveviuvuv WHsey]

L ; " 4 L Ly .
6 8 10 [3 g 10
Niess Nigss

For Njets=0,1 ggF dominates production
For Njets>=2, additional jet requirements mean VBF dominates
(VH included in signal model but effectively negligible)
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ATLAS-CONF-2013-030

Higgs to 2 leptons and 2 neutrinos

Select for 2 OS leptons (e or p) + missing ET + VBF jet tagging for Njets>=2

Same flavour channels
VBF tag category

Updated since Dec-12 Optimised lepton cuts
Additional categorisation
Optimised control regions
Reanalysis of 7TeV sample

= LA L B Sy B B S B S B B B B B B B B B e g ——— T

o - — D=z 2 SM [zys @ stat) = = I I I e 3
o ATLAS F'rEbllrl'lll'lEt1 B ww O WZzWy & g ATLAS Preliminary 3
v E=BTE‘:-’-[Ldt=2€*-TfﬂI B O E & JE s=8TeV, [ Ldt=207 %" 3
4 HoWW' —evpvipvey + 0 jets Bl HOEsGeV] T 2 = HWW Sevuvinvey +2 2 3
@ ; ] BE =
3 = L% E 4 Data %% SMisys staf o
e 5E o e 2T

3 = ff O Single Top 3

3 4= Zopts [ Weppts =

= - I VEF -

= A e =

E i
300

my [GeV] my [GeV]

(a) mg, for Ni, =0, e + pe (e) my for N = 2, e+ pe
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ATLAS-CONF-2013-030

Higgs to 2 leptons and 2 neutrinos

Dominant (WW, top, tt) backgrounds modelled with MC normalised in control regions

L7010 = R I IS L I T RN AR AR R T

> T ' T Ty = T R T
& [ ATLAS Preliminary gguw mwiome ] O ool ATLAS Preliminary gyie gusom - 3
= L E-8TeV,|Ldt=207f! [da  [DSrgeTor ] 2 F E-8TeV, | Ldt=207f! OIa  [HSrgeTop 3
- 400 o . I ZeEts [ Wit -] - 180F o o st [ Wjets -
E [ H-WW —evpviuvey + 0 jets W Hisca] E 180E H-WW —evuviuvey + 1 jet [ GREE e
3 _ - ] 3 E
w300 — w 14-0_— = .

; ] 120F- 2 WH+jets from data

: . 100F- 3 ;

200f . el 3 driven method
- . B0F =
N ] 20E =~y =
056700 150 200 250 300 450 400 450 0 350 400 450
m; [GeV] m; [GeV]
(a) my for Ny, =0 (b) mr for N =1

L E R B
- ATLAS Preliminary g
25 FogTeV,[Ldt-207f" O
o HoWW il 52 2] =

N —
E ATLAS Preliminary goue oweow
500 EogTev, | Ldt=207f' [Cdu [ SngeTop ]

o et [T Wejets
H-WW —evuviuvev + 1 jet B H 1S GV

ZIy* backgrounds
suppressed with cuts
on MET, m,, and recoil

400

Events / 20 GeV

%
&}
o
b
o]
&
i

300

200

From MC for OF
Data driven for SF

100

300
my; [GeV]

() Njy =1
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ATLAS-CONF-2013-030

Higgs to 2 leptons and 2 neutrinos

> 200—0' IIIIII I IIIIII I 1T I LI | T 1T I LI | 1T+
Q B T . . e
© ATLAS Prellmlnary —+ sesmrcedaa | Hjghest significance at M;=140, 4.1c
o i ]
= 150‘_\5—7TeV,{Ldt_4.6fb11 [ ] Hizscev B
@ " \s=8TeV,| Ldt =20.7 fb § . . g _
=S 1  Significance at M,;=125, 3.8¢c
o [ H>WW 'Siviv + 0/1 jets ]
(NN - ]
100' . S A4S T T T T T T T T T T T —25 E‘I
i i = 4 ATLAS Preliminary H>WW ' iviv - 3 =
; i g R (s=7TeV:[Ldt=4.61" 3 =
i ] 5 \ R Vs =8 TeV:[Ldt = 20.7 fb" o
- - (1] - ALY —
B - S 35 -2Im(u,m) = 2.3 1 115
0 . » 25F \\ WY mmmees -2Im(u,m) = 6.0 o
i —+— ' 25_ I BEAY == HowWw i (201142012) 3
| | B | Lo Loy v by g by . E : i H—)W(2011+2012} E —10
50 80 100 120 140 160 180 200 220 240 260 150 : —— HoZZ7 I (201152012)
5 ]
mT [GeV] 1;— '\,_“ —; —5
0.5F =
15150125 130 135 140 145 150 155 °
m,, [GeV]
At M;=125

Kops = 1.01 + 0.21(stat) £ 0.19 (theo) = 0.12 (exp) + 0.04 (lumi)

Dominant theory uncertainties from WW background and signal yields
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Local P,

ATLAS-CONF-2013-030

Higgs to 2 leptons and 2 neutrinos

Fit for VBF, profiling ggF as background:
uVBF < =1.66 + 0.67(stat) £ 0.42 (syst)

Fit for ggF, profiling VBF as background:
n99F . = 0.82 + 0.24(stat) + 0.28 (syst)

E (—_ 1 I 1 1 I 1 I I 1 T 1 ‘ T 1 ‘ T =

103;|||||||||||||||||||||||||||||||| T TTT ||||j mw SLATLAS.[Preliminary * SM __

= 3 — o y : =

- o 3 o - \s=7TeV/Ldt=4.61b + Best fit ]

102 ATLAS .Prellmlnary :g:ps: m 125GV 3 X_ C \s=8TeV]Ldt=20.7 &' — -2 InA(ggf,vbf) < 2.3

= H-WW ' Siviv VBF - = $ 4 T T — e 2 InA(ggf,vbi) < 6.0

B o B B s ~. _

10 {s=7TeV: [Ldt= 461" [Tipe = s 7 e :

F \5=8TeV: [Ldt=2071b" ] 5 3F . -

L= j ™ ]

107 o 2 -

26 B ]

102 E 1~ -

10‘3 """"""""""""""""""""""""""""""""""""" ;; 30 E Tl - //// E

7 O T —

100 e T T8 200 S N SN
el 0 0.5 1 1.5u 2

a9 SM



ATLAS-CONF-2013-012

Higgs to photons

Low BR but clean signature of isolated di-photons

Large diphoton backgrounds mitigated by excellent mass resolution ~1.8 GeV

Select events with two high pT isolated photons

Categorize events for
resolution, S/B and
production mode

Signal extracted from fits to ATL AS
diphoton invariant mass 1A EXPERIMENT
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Higgs to photons

Low BR but clean signature of isolated di-photons

Improvements since Dec-2012

Improved categorisation for VH+VBF
Fiducial cross section measurement
Reduced uncertainties

Lepton and jet tags for VH
and VBF sensitivity

17

ATLAS-CONF-2013-012

ATLAS Preliminary

H— vy

VH enriched

VBF enriched

ggF enriched

di-photon selection

One-lepton

W(— W)H, Z( I)H

miss

E;  significance

W(— W)H, Z(— vw)H

A 4

Low-mass two-jet

W(= j)H, Z(= j)H

High-mass two-jet

VBF

v

9 p;,-M-conversion

agk

MaN

MON
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ATLAS-CONF-2013-012

Higgs to photons

wggF mVBF =WH ®NZH mttH
ATLAS Preliminary (simulation) H— vy

Inclusive
Unconv. central low p

Unconv. central high p
Unconv. rest low p_
Unconv. rest high P,
Conv. central low p__,
Conv. central high P,
Conv. rest low p_,
Conv. rest high P,

Conv. transition
Loose high-mass two-jet

Low-mass two-jet
Er" significance

One-lepton

O 10 20 30 40 50 60 70 80 90 100
signal composition (%)
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Higgs to photons

Energy scale key to mass measurement
Important when combining many categories

Calorimeter response stable at
0.1% level wrt. time/pile-up

Overall scale uncertainty ~0.6%
Driven by material modelling
and errors on in-situ calibration

Relative energy scale

1.005
1.004
1.003
1.002
1.001
1
0.999
0.998
0.997
0.996
0.995

19

ATLAS-CONF-2013-012

Derived from tuned MC +
dielectron and Zy data

| | | | |
RM&:ﬂ:ﬁza%-----------f ------- ® WoevEp
Hms:u.ﬁsa% O Z—?ee inv. mass
= TN R

*+0 -5 e e,
TetaenTy ?

Data 2012 Ns= BTeV JLdt—- 13.0 fb
ATLAS PI’E.'|IIT|IFIB,F'_|r‘ :

IIIEI.LI.JiH.IJ JH.I.EJ.I..I..I.|I.I.I.I. I.I.I.I.!IIII IIII|I.I.I.

2603 25;’04 25/05 24,06 24/07 23/08 22/09

Date (Day/Month)
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ATLAS-CONF-2013-012

Higgs to photons

Mass resolution critical to sensitivity N o
Additional constant-term smearing in

Photon energy resolution MC derived from Z studies with
Vertex identification electrons:
- photon pointing 1% central, 1.5-2.5% forward

3 oipe—n<t0 1 ATLAS Simulation S 20 -
0 B LSS Preliminary 3 | ATLAS Preliminary ]
S g ;giﬁdo go— Hoyy < 100[ Data2011,\{§=7TeV,J.Ldt=4.6fb'1 -
£ - . my=125GeV 1 ‘% C 6,,=1.60+0.01 GeV .
S 008 \s=8TeV o %06, =145+0.01 Gev nj<1.37 —
= - ] - ]
= B e - -+ Dat |
Z 0.06[- . 60r ~Fitresut
i | B [(JZoeeMC ]
0.04[— — 40 =
0.02F = 20~ -
03 8~116 120 122 124 126 128 130 130 134 O 0 85 00 05 o0 s
mw [GeV] Mee [GGV]

Uncertainty on photon resolution 14-23%
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ATLAS-CONF-2013-012

Higgs to photons

> 10000 — T T T T T —]
Observed significance 7.40 (4.10 exp.) ¢ & selecieadp oo samee i
= 8000 — s%fskg Fit (m, =126.8 GeV) -
M = 1.65 £ 0.24(stat) £ 0.22(syst) P S e o) 3
w o T, Hovy n
. . 4000:— —:
Consistent with SM at 2.30 C a7 Tev, [Lat- 4z’ ]
2000:_\“‘s,=sTev,.|-Ldt=20.71‘51 _:
= L e B B B I B BN B R C . N
3 [ — All systematics ATLAS Preliminary - 2 igg; ' E
T e Without mass scale uncertainties Hos ] ﬁ 300%— —E
= s Without systematic L) 7 _% 200 i— + s 3
25 + Bestfi — t%E +J.+ | e 4"“ - (=
C - % -100§+ T ! + s T o' e
B i ) -200
ol ] o 100 710 720 T30 740 150 760
- 7 m,, [GeV]
150 1 my, =126.8 £ 0.2(stat) + 0.7(syst) GeV
1 {s=7 TeV,J.Ldt=4.8 ' —
~ —— 68% CL ]
T ,*'S=8|T?V;I Lae-207f" | Fit prefers mass 1.80 narrower than
124 125 126 127 128 129 130

nominal. Better than a perfectly
uniform calorimeter. Probably due to
background fluctuation. 10% lower
yield if no fit of resolution.

my [GeV]
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ATLAS-CONF-2013-012
Higgs to photons & “r——azz—7"
>0 E Obsewed p”BF Hory 3
g 10F ——— Buwectedp” E
Exploit VBF categories to extract signal - £ 5
strength assuming ggF is background =P
10y oA ———f—————— =
- _ Dataz0i2 E-8Tev 32
mg ?E_I”_r'lllel‘ésltlhl”IIHllI”Illjﬂll_lcjlt::!_lallft;"l,lu'lél;l‘.r:};\f _E 102§— _[Ldt:Eﬂ.?mw _E
@ GE—68%CL 3 s X i Data20M, =TTV 36
“z OF e 95% CL |Ldt=20.7 fb”, /s = 8 TeV 3 10°g [Lm o’ =
E 5E >< SM = - ATLAS F'rellmlnary )
= 4F L § = 1045 20 at m,=126.8 GeV
3f- f = my; [GeV]
2F | =
15_ "’X® . _E _||||||||||||||||||| LI I I B
E 3 F ; —Total 3
OE-ATLAS Preliminary ~ ™**+eueurseneer 3 by F F—F—t—- ]
E 2011-2012 ] 3 = —Stat. 3
TEm m, - 126.8 GeV H_}W E : | —Syst. ]
C I v e b v by iy m — i _
I TR I T R BT 358 4 Huge | ”; =t Hory ]
L C ; i
B ol ; JLot-4816" 5=7Tev |
Mgt [Ldt =207 b, 5= 8 TeV
- 1 ATLASPrelimnary J
. . . 2 T ST 2011-2012 E
Fiducial cross section: 8TeV data: " g i | m-1268GeV

Il < 2.37, pTy > 40/30 GeV D R
Osig X BR =56.2 +£12.5 fb [+10.5(stat) = 6.5(syst) + 2.0(lumi)]
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ATLAS-CONF-2013-010

Higgs to muons

Probe Yukawa interactions for second generation fermions

Select events with two OS

. :
isolated high pT muons Huge Z/y* background dominates

= L0l e B B S B B L AL RS I . = UL NN LU NN B BN BRI BLNLELE
8 ' .E ATLAS Preliminary gow = e 8§ 10°F ATLAS Preliminary #os= 2 s
A s=8Tev [Ldt=207m" Www [« © 10°F 5=8Tev. Ldt=207" mww  [ls
. @ oy I WZZZWy [ ZHets = 10° o I WZZZWy [ Z4ets
= D H[125 Ge! E 7 D H[125 Ge'
10
Extract signal g 5 10
from dimuon 10°
10t
mass spectrum ol
10°
10
1
. 10"
Mass resolution 3 7 12F ' ' ' 3
E s 1E vvged
3 3 E [ 3
~2.3GeV @ 125 = 3 Dg;—.ﬁ.—.—-—-—-'—g
085.I|||I|||I|||I|||I...I...I...I...I...I.E 0-8-|||I|||I|||I...I...I...I...I...I.E
80 100 120 140 160 180 200 220 240 260 0 20 40 60 80 100 120 140 160

m,, [GeV] pi* [GeV]
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Higgs to muons

Probe Yukawa interactions for second generation fermions

70

60

a0

40

95% CL Limiton n

30

20

10

E| I.IA&-II—IAE IF)Irlellllr]:]ilrllalrlyl: TTT I TTTT I TTTT I-'-I I- ||||||||| E
- H—u’w =
= Bee Borected .
E - d. expecie - -1 E
S ILdt 207 fb E
- B0 (s=8TeV .
:I 11 |"|'T‘r1'|‘1—r'l—r‘l'r'|—r‘|'+'l—'r—r'|'|"|—1"rr'|'1—r'|—r‘|'r‘r'r'r‘l'r'l—r'r{ 11 I:
0 115 120 125 130 135 140 145 150

my, [GeV]

107

10

107
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ATLAS-CONF-2013-010

" ATLAS Preliminary

—— Observed

I Ldt=207 fb
---- Sig. Expected Vs =8 TeV

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
1710 115 120 125 130 135 140 145 150

No evidence for a signal at present
Not yet sensitive to SM rates

my, [GeV]

Jo
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ATLAS-CONF-2012-160

Higgs to taus

Select events with two opposite sign tau candidates — 0,1 or 2 leptonic decays

Categorize according to lepton and jet multiplicities and event kinematics
enhances S/B and sensitivity to ggF, VH and VBF production modes

2 o16f o retetion % sl e IR VR
g 014 o T ZmEmbead o o I —4 Data ]
2 o012k a 1 ZomARenNG Y ogk — 2x H(125)=tt
< - ® 7, Emb-syst 2 - B 71t .
0.1;— 8 _[Ldt: 13.015" — E_., . Bl Z—eeu ]
0 08__ ﬁ fs=8TeV A (1 E| 20—_ - ﬁ+single—tup -
r ATLAS Preliminary 7 - WWWZZZ ]
0.06[ ’ g . 15 I Fake leptons
0045 E C 77 Bkg. uncert. ]
P . ] : [Ldt-130" ]
0_02__ ® - 10__ ]
n \ o ] B {s=8TeV .
Oeeee®0 100 150 200 250 5L ATLAS Preliminary -
MMC mass m,, [GeV] B ]

Dominant background %50 100 150 200 250 300 350 400

Z/y*—T11, model enhanced MMC m_. [GeV]

from data using pu events
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ATLAS-CONF-2012-160

Higgs to taus

E Bl | T T T T | T T T T | T T T T | T T T T | T T T T | l
(45} - H H — (=] ET T T T T T T T T T T T T T T T T T L=
Jg -F H e oL IL iTtAssth?rglm;ng\yf . C_OU- §.¢f!4T.'_.¢f!4S| Preliminary | Ldt= 466", s = 7 Tev g
- : =%010, 15 = E - [Ldt=13.0fb", Vs =8 TeV
5 - --- Expected CL,|Ldt=13.0ft", {s=8TeV . § | —oObserved H— tt ) "
'E E:_ |:| 2 _: 10 % --- Expected for SM Higgs Boson %
3 5:_ [+ 1o _: - . Expected for SM Higgs Boson at m, =125 GeV .
- o m = |
o C ] 1 =
39- 4:_ —: B 70 c
g - . - /_/ ; z1(5
3F E 10 = e
of : f Lo
- . 2| i
1= ] 10 = 3
: : C | | | 1 | 1 | 1 | 1 1 | 1 N
UT | 11 1 1 | 11 1 1 | 1 1 | 1 | 11 1 1 | 11 1 1 | T 100 110 120 130 140 150
100 110 120 130 140 150
my [GeV]

my, [GeV]

No evidence for a signal as yet — though some small excess of events
Compatible with SM so far...
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I Ilggs to taus VBF versus non-VBF
E 121 | LI | L | L | L | L | |_ E 12|_| L I T T 17T | L | L | T 1T T 1 | l
o L H— 1t (VBF) ATLAS Preliminary g [ H— 1z (non-VBF) ATLAS Preliminary
B - —e-Observed CL, [ Ldt=46fb" (s=7TeV - ° - —e-Observed CL, [Ldi=4.61b" {s=7TeV -
S 100 ___ Expected CL, | Ldt=13.0fb", (5= 8 TeV ] S 100 ... Expected L, | Lat-13.010", (5-8TeV ]
— r 2 ] = [ =2 ]
% gl 1o _ E gl E+1s -
— i . - = ]
(&] i ] (&] B ]
X 6 - X 6r .
9] = . 1) - :
o L ] fo ! i ]
4 § 4 ]
& OF ATAS Beimnary T 1 f ] - 1
a . _[L=4,6m",d§=7Tev i be:‘:i:{ubﬂ} - 2_— ] 2_— ]
L s _[L:I:!ﬂfb",ﬁ:BTeV —— 95% Contour ] L 4 L i
E_ 3 L “;- gSM%P?eD;t::::n _: G A Lov v b v v b v v by v by gy | |_ 0 |_ Ly v b v vy v v by oy vy by oy | T
£ & Backgroundonly ] 100 110 120 130 140 150 100 110 120 130 140 150
1_ m, - 125 GeV _ my [GeV] my [GeV]
0_ E (a) VBF categories (b) Non-VBF categories
-3:‘ | | Ll | | A
2 0 2 4 6 8
Boge > B/Bgy,

No evidence for a signal as yet — though some small excess of events
Compatible with SM so far...
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ATLAS-CONF-2012-161

Higgs to b quarks

Dominant BR at low mass for SM
Background not manageable for inclusive search (boosted maybe?)

Extra signatures in VH and ttH modes make possible

associated prod. with tt

associated prod. with W/Z
q W,Z

W,Z




Events / 10 GaV

Data/MC

22/04/2013

Higgs to b quarks

Categorization:

O-leptons: jet multiplicity and 3 MET bins

1,2-leptons: 5V

pT bins

Most backgrounds from MC + data normalisation

Multi-jet data-driven
WZ and ZZ from simulation

jaof- ATLAS Preliminary ~ ~ e
120:— jf.m:m-:m:-", JE=8TeV =
- 0Lepton, 2 Tags, 2Jets, E; > 120 GeV -
100/— -
auf— _f
s0f— =
anf— =
20 3
2__ ;
1 5:— _f
e e L +
o [ : I -+—‘T‘—f— ™1 ._“_ [ 4 E
~ B0 100 150 200 25
m [GeV]

Events / 10 GeV

Data’/MC

T ATLAS Préiinay T ek
Ii. di=13.0f6", Y= 8TV E el
[

1 Lepton, 2 Tags, 2 Jats, o' 0 =i

Frpoptebatbet A g ]

50 100 150 200 250

m_- [GeV]

BEvents/ 10 GeV

Data’/MC

AS

ATLAS-CONF-2012-161

associated prod. with W/Z

q w,z
- sz - "
5 ;

" ATLAS Preliminary

I L d=13.0f6", y5= 8 TeV
2Leptons, 2 Tags, = 2 Jets, pix 0

1.5F =

" l + N L A o -+- L 7

| M SASASMM L = Sl e
5=—5p 100 150 200 250

me [GeV]

Dominant background vary by category — reduced with kinematic cuts



Events/20 GeV

Events/20 GeV
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Higgs to b quarks

45_ 'ATLAS F Prellmlnary ' -zu
40 jtdt:!:l.ﬂfﬁ’ {5=8TaV -:u"..ﬂ,,

0 Lepton 2 Jets, ET'™ = 200 GeV/ Top

35 b

mw

30 | ki3

m - [GeV]
(e) EF™ > 200 GeV, 2 jets
" ATLAS Preliminary ' mmm
j P IWH
Ldi=13.0f", {5=8TeV Multijet
1Leptan 2 Jots, p* > 200 GeV' -L":
W

| | Fa]
RSN P, -2
W Diboson
— Pre Fit
% 4 Data 2012

.

20 40 60 80 100 120 140 160 180
M [GeV]

(e) p.‘lf > 200 GeV
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ATLAS-CONF-2012-161

associated prod. with W/Z
q w,zZ

- o

a wz

=
SANNNNRY_

e —

q H

Highest pT bins have the most sensitivity

FATLAS Preliminary | "Wz

25 jtd::ss.m‘, [S=8TeV Multijet

2 Lapton 243 Jets, pZ » 200 GoV Top
Hzb

mz

[l Diboson

- Pre Fit

+-Data 2012

20

Events/20 GeV

15

10

60 80 100 120 140 160 180 200
m [GeV]

() p% > 200 GeV
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ATLAS-CONF-2012-161

Higgs to b quarks

associated prod. with W/Z

q w,Z
% 6_ T T T T [ T T T T [ T T T T T T T T T ] -.-5-"'-1“____% W’Z .“xjwr\-: -
g - ATLAS Preliminary (s=7TeV, | Ldt=47f0" - VAV VAV
5 5:_ +2:::::::§:‘:; E=8Tev,_[Ldt=13.ofb"_: a " ™o
E - I +to VH(bb), combined . H
K 4- =2 7
3 - ] : e
S e E Approachlng SM sensitivity, no
8 ] sign of a signal yet
2r ]
P E 3 40 ATLAS Prefiminry T gy "
G: | | L | | e e N _[Ldm:mrﬁ’, {s=8TeV .WH 125GeV 3
110 115 120 125 130 g 300p ‘o= =
= |ATLAS Preliminary VH (bb) w200 ~-Data - Bkgd —
— b 1 1 = -
_____ Exp. jtmrfﬁ,fﬁ:ﬂeﬁjtnﬂ:unfﬁ.mmf - 3
1 :_ ........................................................................ : %
F — N : + e 4t
__._._._._._._._._._._._.-----------------_-_-::::;:.-u:::::'_'_-_'_'_l ....... 16 - o .E
101 200 250
- mys [GeV]
i Cross check — search for diboson signal

[ () Observed with ~40
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ATLAS-CONF-2012-35 |
H Ig g S to b_ q U arkS associated prod. wu;h tt

One semi-leptonic top-decay + many jets signature:
1 lepton + high missing ET + >=4 jets

Events categorized according to multiplicity of jets and b-tagged jets

4jets 4 jets 4jets 4jets 4 Jets

0 b tags 1 b tags 2 btags 3 btags >4Dbtags ATLAS
Preliminary
(Simulation)
my= 125 GeV

5jets 5 jets 5jets b jets 5jets [CI+TuHF jets

0 b tags 2 b tags 3 btags >4 Dbtags [ 1T+light jets
B TV
] W+jets
[ 2 +jets
™ Diboson
B Single top
I Multijet

>6jets > 6jets 26 jets 26 jets >6jets

0 b tags

v

2btags Jbtags =4 btags

"
o
<«
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ATLAS-CONF-2012-35
associated prod. with tt

Higgs to b-quarks

One semi-leptonic top-decay + many jets signature:
1 lepton + high missing ET + >=4 jets

WAL

Events categorized according to multiplicity of jets and b-tagged jets

Pre-Fit Post-Fit
816000 ATLAS Preliminary e+ 4 jets, 0D lags E - ATLAS Preliminary e+ 4 jets, 0btags
pt Ldt=47" —e— Data ({E=7 TeV) c1zumlde1=4,?ﬂ:" —4— Data (§=7 TeV)
@ i I TH (125) © - I tTH (125)
;14000 1 = 1t
£ iy E10000 = 1y
212000 [ Wejets g ] Weets
i I Z+jets w O Z+jets
[ Diboscn [ Diboson
10000 I Single fop 8000 B Single top
. Muttijet I Muitijst
8000 [ Tot bkg unc. 5000 [E=3 Tot bkg unc.

6000
4000

4000

2000
2000

e

........................
2

Data/ MC
Data / MC

0 200 400 600 800  j000 1200 0 200 400 600 800 1000 1200

H=? [GeV] H* [GeV]
Background dominated categories provide strong constraints on uncertainties
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Higgs to b-quarks

In >=6-jet events, top candidates selected using
kinematic fit. Remaining b-jets used to form m, to

extract signal
In other cats. HT used

% 14—_14'”.#5 Preliminary e+l =6 jots,> 4 b tags
9 F[Lat=47" —e— Data ((5=7 TeV)
ol C I fiH (125)
E 12— I
S v
o - [ Wjets
L 10 — [ Z+jets B
- [ Diboson
__ I Single top
n B Muftijet
C 23 Tot bkg unc.
S 1sE
- 1 17::-;‘-‘_.-;‘-;.‘. L D - TR EY
b : T
5 "%y

0 50 100 150 200 250 200 350 400

m s [GeV]
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ATLAS-CONF-2012-35

associated prod. with tt

g [T I T T | T T T T | T T T T | T T T T | T T | T T T T ]
o L _
© 50— ATLAS Preliminary Vs=7TeV, | Ldt=4.710" —
s - —e— Observed (CLs) -
E L - Expected (CLs) {iH (H — bb) ]
= 40 E+io —
o - [ l+2s .
32 B ]
8 a0 ]

20— ]

10— —

0 _I : L1 1 | | | | | I B | I T : I T ' : | I N : I_
110 115 120 125 130 135 140

m,, [GeV]

Some way from SM sensitivity but only 2011
data.
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Higgs to Z + photon

Similar to diphoton channel
Loop production modes

Relative rate to diphoton interesting and
sensitive to BSM

= A I B BLELELLE ELALLEL IR I B
&$ 390 ATLAS Preliminary E
E 300 —e— Data 2012 —f
I% 25[];— —— H—)Z'ﬂ:m“=125 Ge'u',:j“xzﬂ_é
200 =
150F- =
100 +7 2
s0F- s=8TeV JLdt: 20.7 o', Z—pp S
- A 8393 events .
ﬂ_| ot T e dgegeg b o b v P g b7l

25 30 35 40 45 50

Am [GeV]

(H—2Zy)

SM

95% CL limit on 6(H—Zy)/c

35
QD 10 E T T ‘ T T T T | T T T T T T T T T T T T | T T T T E
C J- Ldt=461" {5=7TeV — Observed p, 7
r [P — Expected p_ 7]
ILm:20_?1b (s=8TeV 0
| ATLAS Preliminary |
1= =
: 16 |
107 E
L 26 4
0,2 coeov by e b e by ey e by g
120 125 130 135 140 145 150
my [GeV]
45 T | T T T T ‘ T T T T T T | T T T T | T T T
~ e = Observed
40 Ldt=46f" ¥s=7Tev Expected
35 Ldt=207 ", {s=8TeV o
20

ATLAS Preliminary

15

10

5

0 Sy et s e o ot okl A oo e A e Ay

120 125 130 135 140 145 150
my [GeV]
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Higgs Mass

m, = 124.3 £ 0.6 (stat) £ 0.4 (syst) GeV m, =126.8 + 0.2(stat) £ 0.7(syst) GeV

m_=125.5£0.2 (stat) _5 ¢ (syst) GeV

7 = 4 —
£ 'F ATLAS Preliminary —— Combined (statssys) 3 129~ ATLAS Preliminary 2 ¢ ATLAS Preliminary —— Combined
L Vs=7TeV:|Ldt=46-481" -+ Combined (stat only) O | is=7TeV:|Ldt=4648M" £ [ 's=7TeVi[ldt=4648M" —Honyy
F Vs=8TeV:]Lot=20.7 " — How s [ \s = 8 TeV: [Ldt = 20.7 o S 35— \s=8TeV:|Ldt=20.7 ft” —HozZ" S
6~ —H-zz" s a € 108~ ) 5 r
- r X Bestfit = C X Bestfit
5 - —68%CL 5 3 — 68%CL
5 107 95% CL oL ; e 95% CL
r [ e 99.7% CL
C L —aAmge0 25
a- o 1261 Tl -
L - 2
s 1250 C
E C 1.5
2k 124/~ £
1= 1o L e 0.5
. C A I I I P S B B
p L1 il TR I 122~ 122 123 124 125 126 127 128 129
21 127 128 129 o bvaav by b b b s g o |l my [GeV]
my [GeV] 122 123 124 125 126 127 128 129
m,, [GeV]

—my = 2.3_,7796 (stat) £0.6 (syst) GeV

Consistent with Am, = 0 at 2.3c level
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Higgs Signal Strength S conr zois.as

| | | | | | |
ATLAS Preliminary  m,=125.5 GeV

W,ZH — bb
\s=7TeV: [Ldt = 4.7 o °
\s=8TeV: |Ldt=131b"

H— 1t

\s=7TeV: Lot = 4.6 f”" -
\s =8 TeV: [Ldt (:)13 b :
H—- WW ' — v

\s=7TeV: |Ldt=4.6f" ——
\s=8TeV: |Lat=207f" '

H— vy .
\s=7TeV: |Ldt=48f0" : o
Vs =8TeV: |Ldt =207 o’ '

H- zz" = 4l

\s=7TeV: |Ldt=461" Y
\s =8TeV: |Ldt=20.7fb" '

Combined u=130x0.20 ,
\s=7TeV: [Lot=4.6-48f" | o
\s=8TeV: [Ldt=13-20.7 b :

Signal strength (u)
Consistent with the SM
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HIQQS Slgnal SIeNgtNn JTasconr 2o

= 10 T < RN AR AR A R RN T
o - ATLAS Prellmlnary ] R ATLAS Prellmmary 7
" sl \s=7TeV: [Ldt=464817 ] ¥ 2:_ ! ls=7TeV: |Ldt=46481b" B

z - Is=8TeV: [Ldt=13-20.7fb" 1] o\ s=8TeV: |Ldt=13-20.7 fbo" :

'é 6 —Ho 1y + Standard Model 10:_ m,, = 125.5 GeV _:
=0 C ‘ —HHZZ'.)74I X Best fit 7] - . .

4 . —H-oww? vl —68%CL — 8'_ — combined —H-yy ) ]
- --- 95% CL 1 - --- SMexpected —H 77" 4l .

B ] I —H - ww S i Z
2? ] 6__ —H-omnu ]
Us g L B N i =
21 = 2F =
| R T T T T R N . ON.". """"" NN e T
-2 1 0 1 2 3 4 5 6 7 8 05 O 0.5 1 1.5 2 2.5 3 3.5
H ggF+ttH X B/BSM H VBF+VH/ H ggF+ttH

< L S R A A SRS AR RARRA RN NG i
N ATLAS Flominan : Model dependence in BR
h 12 & Is=7TeV: =46481b - . .

P is=8Tev: [Lt- 1320710 ; factored out in ratio allows for

10= — . .

L\ e E combination across channels
: ‘ —::mbined 1

6 "‘. ---- SM expected .

£ p-value for excluding VBF/ggF =0

o : 0.05% (fixing ratio VH/VBF)

Qb N 0.09% (prof”ing ratio VH/VBF)

-5 0 05 1 15 2 25 3 35

HVBF/uggFmH -~ 3 SlgmaS
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HIQQS Slgnal Strengt ATUAS CONF 2015 34

< 6_ ] < B T T | T T T T I T T T T I T T T T ]
= - ATLAS Prellmmary 1 = - ATLAS Preliminary 7
N gl \s=7TeV: [Ldt=464810" 4 5F is=7TeV: [Ldt=461" e
- \s=8TeV: |Ldt=20.7fb" ] - is=8TeV: [Ldt=2071" .
i S S - e =
C — observed ] B — observed ]
3l --- SM expected B 3F === SM expected 7
2f- - of =
e S = | S =
E 1255GeV . - mH_1255GeV .
0 T S E U ARSI R 0 ]
Y- 15 2 25 2 05 3
Py 22 P2z /ww
6 ——— — — . .
: | " ATLAS Preliminary ) Ratios for same production
N g Is=7TeV: [Ldt=46-481b"

mode but different final states

Is=8TeV: [Ldi=2071b" .~

43— """"""""""""""""""""""""""""""""""" —f +0.4
: —gnes I Pyyzz = 11553
i3 E +0.7
o 4 Pyyww = L7755
- 1 . N +0.8
R = 1 pzzzww = 1.6255
E = 1255 Gev"'.‘\ E

- 3

OCJ

05 In agreement with SM
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HI S fItS ATLAS-CONF-2013-14
gg ATLAS-CONF-2013-34
Largely use parameterisations from B o - Tg
LHCHXSWG  arXiv:1209.0040 (o-BR) (i = H = ff) = =

Decay modes

Civw )
I signal Nwe
Production modes Assume all signha s near e
OggH  _ {Kg(rbmwnn) 126 come fromasmgle - K3
oSN Ke resonance of zero width, T
. . . i _ 9
Z‘gff — Zo(eworzmy)  With SM-like coupling Ty =
VBF
o structure Lo
oM T W M,
WH ]
oz _ o Total width = sum of all Ty {Kg(xb,m?xnijmﬂ)
ST . . .. SM
N ’ decays widths (+ invisible) I .
O.tEH _ K2 % _ { KEZ?)(KbaKtaK'UKW:m'H)
o ‘ FZT N (zy)

ttH



22/04/2013

i i ATLAS-CONF-2013-14
H Iggs fItS ATLAS-CONF-2013-34

Largely use parameterisations from B o - Tg
LHCHXSWG  arXiv:1209.0040 (o-BR) (i = H = ff) = =

Decay modes

FWW( *)

: TSM W
lOon Mo Assume all signals near xlywu
_ { K%(Kbmwnn) 26 come from a single A
ol resonance of zero width,
i . . _ 2
o = Somr(ew .z mn) with SM-like coupling o2
o structure
T = .
SM
TWH _
9z 9 Total width = sum of all { STCR——
I decays widths (+ invisible) o
O’ttH _ KQ I KQZ
i t ( “@y

Loops can be resolved into constituent contributions
assuming SM or left as free parameter -> BSM
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Hi S fits ATLAS-CONF-2013-14
gg ATLAS-CONF-2013-34
T A T T B L
2 parameter model ® L ATLAS Preliminary = RO Bb L Ho
3— \s=7TeV,[Ldt=4.6-481b" #%H - vy Ecombined ]
Ky = Kw =Kz - \s=8TeV,[Ldt= 1:3.g‘ﬂ:.1 + SM * Best Fit
KF = K =Kp=K=Kg : %

kg € [—0.88,-0.75]U[0.73,1.07]
kv € [0.91,0.97]U[1.05,1.21]

I IIIIIIIIIIIIIIIAIIIIIIII
0.6 07 08 09 1 11 12 13 14 15 16

~ WO ’;‘> 10: R R E
= gl ATLAS Preliminary [, c,] E L 9 ATLAS Pfellmlnarv . [Ky.Ke] =
= E 1s=7TeV,/Ldt=4648f%"  — Opserved 1 £ gL 'sT7TeVLd-464807  —Observed E
, I~ 8L \s_gTev, [Ldt=13207f' -- SM expected E o 75_ \s=8TeV,[Ldt=13-20.7fb"  -- SM expected E
~ V= — E E ; E
Ly = lakp + Bryl oF E 6F E
5)- = 43 E
- E 4 E
. 4.:.. ................................................................. ...:. E E
photon loop could give .t E &3 E
. . = /! 3 2F 4
access to relative Sign 2 S e E
1;... .............................................. o A ;l' ........ ..é OEI 3
0: 2+’ B 0. 1.4
15 1 05 0 0.5 1 15 .
Vv



22/04/2013

H Iggs flts ATLAS-CONF-2013-14
ATLAS-CONF-2013-34
2 parameter model but no assumption on the total width Apy = Kp/ky
- 10_' T T T T T T LA B L T T p— -
5?.. g;lATLAg Prelimihary I I [ !K\IN] l E Kvy Kv me
< C \s=7TeV,JLdt=4648%"  — Opserved E
™ 8;_ 1s=8TeV, [Ldt=1320.7 6"  -- SM expected E
B E
6 -- d =
5F- \ 3 > L L A B ]
- | < - ATLAS Preliminary + SM =
4 = 2.5 4 . —
oF E - \s=7TeV,|Ldt-464.8M" x Bestfit -
S E 2E s =8TeV, [Ldt = 13-20.7 f5" — 68% CL E
y3 E 156 - 95% CL E
1 = TE 3
055 . 1= E
Aey 0.5 =
3 O T BERERRRS N = -
< 9F ATLAS Preliminary 7 [hey k] 3 = 4
< F \s=7TeV,|Ldt=46481" —(pserved E -0.5F -
~ 85_ \s=8TeV, [Ldt=13-20.7fb"  -- SM expected E 15 3
' 7B s, w = e E
SF = A15E | E
5F g —; 0.6 0.8 1 1.2 1.4 1.6 1.8
4;— ----------- LR T T P PP TR PR 7 4aeeehLLELLEY SLLLLLLL _; Koy
3 E
2 e
N N A — E
%4 06 08 1 12 14 16 18 apy € [-0.94,-0.80] U [0.67.0.93]
Kyy

kyy € [0.96,1.12] U[1.18,1.49]
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i i ATLAS-CONF-2013-14
iggs fits
ATLAS-CONF-2013-34
3 parameter model — don’t resolve the photon loop -~ o+
<" of ATLAS Preliminary gy bkl E
< - 1s=7TeV,[Ldt=46-48%"  — Opserved
?LFV — 085+g%§ ™ j;1's=8TeV,JLdl=13-20.7fb“ -- SM expected E
- 12208 :
kvy = 1L15+0.21 4
3E
~ 7717 TS ;
% oF- ATLAS Pjrellmlnary ) ey A vknd _;
c 85— s=7TeV, |Ldt=4.6-4.8 fb — Observed —E ?LFV — KFJ';W YW
~ - (s=8TeV,|Ldt=13-20.7fb"  -- SM expected E
Yo E My = Ky/ky
6F E Kvv = Ky -Ky/K
5;_ _; ~ W77 11 T 3
- = Pe 9§_ ATLAS Preliminary ey, yekin] _§
4 = < - \s=7TeV,JLdt= 464817 — QOpserved E
- 3 5 85 |s=8Tev JLdt=13207M" -- SM expected
= = 6 E
i E
1 — 4F
F = 3f
8.4 2F
1E
A’FV ot

3D compatibility with SM 9%
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i i ATLAS-CONF-2013-14
H Iggs flts ATLAS-CONF-2013-34

Custodial symmetry

I ey
E reliminary =
< 9 Azt ez K77 — —_
2 S s=7TeV, [Ldt=4.648f"  — Opeerved E Kzz = Kz'Kz/Ky
[ 8_— . R -
~ © \s=8TeV, [Ldt=13207f" -- SM expected E B
TR ' 4 Mwz = xw/xz
6 - _
i3 E AFz = XF[Kz
aF o\ IO A A R
3 ‘ E
A
S T — E awz € [0.64.0.87]
d | | L | M
%2 06 08 1 12 14 16 rrz € [-0.89,-0.55]
A'WZ
| kzz € [1.20,2.08]
Y 3 B N B BN B R UL B~
< £ ATLAS Preliminary Y E
< Eis-=7TeV,[Lot- 464817 E).“,“;en?eﬁzzl E
5. E 1s=8TeV, det=13-20.7 fo!  -- SM expected

Ae, prefers non-physical region but not
strongly compared with +ve quadrant
minimum

O a4 N W A OO0 N 0 O O
N SRR R R R AR ARARNRRAAN RN AL A

3D SM compatibility 5%
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i i ATLAS-CONF-2013-14
H Iggs flts ATLAS-CONF-2013-34

Custodial symmetry 3D SM compatibility 5%

~ g7 71— 7 T T 1T

= - ATLAS Preliminary " =

S % so7TeVfidt-46481" _%g";g:zid”] E Kzz = Kz Kz/Ky

S 8 s gTev Lat=1320.7f" -- SMexpected - B

| » - AWz = Kw/kz
6 -
E % E l. —
St . FZ = XP[Rz wz € [0.64,0.87]
43_;_4. .............. \‘-‘. .......................................... fanmnnnn E lfz E [_D.Sg? _U'SS]
2\ Y - xzz € [1.20,2.08]
A S S E
% 06 08 1 12 14 16

> W77 1 7 T T3 1

2 F AmLas preiminary aoas o1 3 Decouple from diphoton rate

T =TT JLdt=46481" —QObserved E

~ 7E_\s=sTev,ILdt=13-20.7ﬂ:, -- SM expected Dok = kg Kz /K awz = 0.80+0.15
o 1 hwz = ww/kz Mz = 110£0.18
AN\ 3 Mz = K/xz hpz = 074392
3F R _
2_ _i AFz Kr/kz . K77 = 1-5’1313
1 N =
"4 BEEEE 4D SM compatibility 9%

-
=
N
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i i ATLAS-CONF-2013-14
H Iggs flts ATLAS-CONF-2013-34

Probing the loops K2 (%)
g P = H M
(1 - BRin\f.,undet.}

kg = 1.08x0.14

- +{}L]6 /-'\: 107 LI ‘ LI I L L | LI I T LI | ‘ L I ‘ I T I LI L I Ll
Ky, = 1.23_{1]3 @;—- 9; ATLAS Preliminary [KY’KQ’B' ] E
E 8 é_ Y‘S =7 TeV, _l-Ldt =4.6-4.8 fb-1 — Observgla _é
o - Is=8TeV, det =13-20.7fb" -- SM expected 3
o L T UL L B B R B I 7E —
* o oF ATLAS Preliminary + SM E - S
20 , - 6 —]
- \s=7TeV,]Ldt-4.6-48f" x Bestfit E - 1
- {s=8TeV,|Ldt=1320.7fo" — 68%CL : SE E
1.8F =+ 95% CL = - ]
- : 4 E
1.65— _E 3F —
1.4 — - 3
- . 2F -
1.2 — - 3
= = 1 -
C n 0_ 1 111 | 111 | 111 ‘ 111 ‘ 111 ‘ 111 | T | 11
0.8~ E 0O 01 02 03 04 05 06 07 08 0.9
0.6;— —; B
cl. oty bty by b b by Ly o Tl
0.9 1 11 12 13 14 15 16 1.7 1.8
K — 1.[}8”132
K, 4 -0.14
cpepe 0 _ +0.16
2D SM compatibility 5% Kk, = 124750

3D SM compatibility 10% BRiny.undet. < 0.33
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i i ATLAS-CONF-2013-14
H Iggs fItS ATLAS-CONF-2013-34

ATLAS Preliminary s =7TeV, [Ldt = 4.6-4.8 b
W+1c +20 \s = 8 TeV, [Lat = 13-20.7 b

T | T T T T J T H
& : |
p¥3

5 2
No significant deviation from the 8 M
SM seen in any of the benchmark e
fits performed. Bl M

[ R H ‘
8s 1B, ?
E & i :
e 1 | | 1 1 | ] 1 1 | |

-1 0 1
m, = 125.5 GeV parameter value
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H Iggs Spln StUdIeS ATLAS-CONF-2013-029

?’ 14'—ATLAS'P're|imi'na}y' ]

: “ ey = H— 7y eData Spin 0]

Compare 0+ with 2+ “graviton” model = 125 (=8 TeV; [Ldt =207 f' Seraimyponess Mo -

with minimal couplings in diphotons < 10p ok =0 P
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Higgs Spin Studies

ATLAS-CONF-2013-013

Compare 0+ with variety of spin models in 4leptons
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Combine all the 0+ versus 2+ studies
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Summary and prospects

Huge programme of work searching for a measuring Higgs boson signals
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Summary and prospects

Higgs signal firmly established

But plenty of work still to do for the foreseeable future!
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Higgs to 4 leptons  eventyieids

Table 7: The numbers of expected signal events for the my=125 GeV hypothesis and background events
together with the numbers of observed events, in a window of +5 GeV around 125 GeV for 20.7 fb~! at
\/5s = 8TeV and 4.6 fb~! at /5 = 7 TeV as well as for their combination.

total signal signal ZZ™ Z +jets, tt S/B expected observed
full mass range

Vs =8TeV
4t 58207 53207 23+01 050+0.13]19 81+00 1I
Y2e  30+04  26+04 12+01 101+021|12 48+07 4
22 4005 34204 17+01 051+0.16|15 5607 6
de  29:04 23203 10+01 062+016|14 39206 6
total  157+20 137+18 62+04 262+034|16 225+29 27
Vs=T1TeV
11 10-01 097+013049+002 005+0.02]18 15202 2
W2 0401  039+005021+002 055+0.12]05 12+01 1
224 0701 057008 033+002 004001 | 1.5 0901 2
0
5

de 0.4 +0.1 0.29 +0.04 0.15+0.01 049+0.12 | 0.5 09+0.1
total 25+04 22403 1.17+007 1.12+0.17 | 1.0 45+05
Vs =8TeVand s =7TeV

4u 6.8 +0.8 63+08 28+0.1 055+0.15|19 96+1.0 13
2u2e 3.4+05 30£04 14+01 156+033]|10 60+£08 5
2e2u 47 +0.6 40+£05 21+01 055+£017|15 6.6+0.8 8
de 3.3£05 2604 12+01 1.11+028| 1.1 49+08 6
total 182+24 159+21 74+04 374+£093| 14 27134 32
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Higgs to 4 leptons  e.aies
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nggs to 4 |eptons Likelihood scan
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Figure 11: (a) Likelihood contours in the (gesFis777, tvBF+vH) plane including the branching ratio factor
B/Bsm. The quantity peeFsipn ((vBF+vH) 1s @ common scale factor for the ggF and #H (VBF and VH)
production cross sections. Only the part of the plane where the expected numbers of signal events in
each category 1s positive is considered. The best fit to the data (x) and —2InA < 2.3 (full) and 6.0
(dashed) contours are also indicated, as well as the SM expectation (+). (b) Results of a likelihood scan
for pvBF.VH/UgeF+ - The branching ratio factor B/ Bsy cancels out in this ratio.
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Higgs to 2 leptons and 2 neutrinos

MC Generators

Signal MC generator o -8B (pb) Background MC generator o -8B (pb)
ggF  Powsnka [30]+PyTHIAS [31] 0.44 qq.9q9 - WW POWHEG+PYTHIAG [32] 5.7
VBF  POWHEG+PYTHIAS 0.035 qq, gqg— WW+2;  Sherpa [33] with no O(«a;) terms 0.039
VH  PyTHIAS 0.13 gg— WW GG2WW 3.1.2 [34,35]+HErRwWIG [36] 0.16

1t

Single top: tW, tb
Single top: tgb
Z/y*, inclusive
Z® > 0+2j
ZW7Z® - 4¢
WZ/W’)/“, Mz >7
Wy my <7

Wy

MC@NLO [37]+HErRwiG 240
MC@NLO+HErwWIG 28
AcerMC [38]+PyTHIAO 88
ALPGEN+HERWIG 16000
Sherpa processes up to O(«y) 1.2
PowHEG+PyYTHIAS 0.73
PowHEG+PyYTHIAS 0.83
MadGraph [39-41]+PyTHIAO 11
ALPGEN+HERWIG 370
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Higgs to 2 leptons and 2 neutrinos

Table 2: Selection listing for 8 TeV data. The criteria specific to eu + ue and ee + pu are noted as such:
otherwise. they apply to both. Pre-selection applies to all Nj; modes. The rapidity gap is the y range
spanned by the two leading jets. The my, split is at 30 GeV. The modifications for the 7 TeV analysis
are given in Section 6 and are not listed here. Energies, masses, and momenta are in units of GeV.

Category Nt =0 Nt =1 Nje1 =22

Two isolated leptons (£ = e, ) with opposite charge
Leptons with p'ad > 25 and p3iPlead > 15

e+ pe: mye > 10

ee+ e mpp > 12, |mgy —myz | > 15

Pre-selection

Missing transverse ep+ue: ETi>25  ep+per ETi>25 ep +pe: EF™ >20
momentum and ee + E;“‘Ifi >45 €e + EELS >45 ee + Ly E%“lss >45
hadronic recoil ee +py: pry > 45 ee + iz pr > 45 ee + i EPGryp > 35
ee + it froconn <0.05  ee+ pp frocon <0.2 -
- Npjer =0 Npjer =0
General selection | A per | > /2 - ,ir;',“rJt <45
pi>30 e+ pe: Zjy* —trveto e+ pe: Z/y* — 17 veto
- - m;j; = 500
] : | Ay;;1>2.8
VBE topology - - No jets (pr > 20) in rapidity gap
- - Require both £ in rapidity gap
Mg < 50 Mg < 50 Mg < 60
H— WWWY s fvey |Adyr | < 1.8 | Ade|< 1.8 | Ade|< 1.8
topology ep + pe: split myy e + pe: split my; -

Fit mt Fit mt Fit mt
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Higgs to 2 leptons and 2 neutrinos

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 +pe)” terms denote that for the ee +pu channel in the same Nj; mode, the
eu + pe region is used instead, for reasons of purity and/or statistics. The “(merged)” terms indicate
that the fully combined eu + ue + ee + uu control region is used for all channels.

Channel Ww Top Lyt —T1r Zly' =t W+jets VV
Njet =0
epu+pe CR CR CR MC Data MC + VR
ee+upu  CR(eu+pe) CR(eu+pue) CR(eu+pe) Data Data MC + VR
Nier =1
epu+pe CR CR CR MC Data MC + VR
ee+upu  CR(eu+pe) CR(eu+pue) CR(eu+pe) Data Data MC + VR
Nt 22
epn+pue MC CR (merged) CR MC Data MC

ee+puu  MC CR (merged) CR (eu+pe) Data Data MC
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Higgs to 2 leptons and 2 neutrinos
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Higgs to 2 leptons and 2 neutrinos

Table 13: Leading uncertainties on the signal strength p for the combined 7 and 8 TeV analysis.

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
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Higgs to photons

66

ATLAS-CONF-2013-012

Vs 8 TeV

Category Np Ng gg— H %] VBF|[%] WHI|%] ZH|%] H |%]
Unconv. central, low py 10900 | 51.8 93.7 4.0 1.4 0.8 0.2
Unconv. central, high pry 553 7.9 79.3 12.6 4.1 2.5 1.4
Unconv. rest, low pry 41236 | 107.9 93.2 4.0 1.6 1.0 0.1
Unconv. rest, high py 2558 16.0 78.1 13.3 4.7 2.8 1.1
Conv. central, low py 7109 | 33.1 93.6 4.0 1.3 0.9 0.2
Conv. central, high pr 363 5.1 78.9 12.6 4.3 2.7 1.5
Conv. rest, low pr¢ 38156 | 97.8 93.2 4.1 1.6 1.0 0.1
Conv. rest, high py 2360 | 14.4 1.7 13.0 5.2 3.0 1.1
Conv. transition 14864 | 40.1 90.7 5.5 2.2 1.3 0.2
Loose high-mass two-jet 276 5.3 45.0 54.1 0.5 0.3 0.1
Tight high-mass two-jet 136 8.1 23.8 76.0 0.1 0.1 0.0
Low-mass two-jet 210 3.3 48.1 3.0 29.7 17.2 1.9
E,'IE‘L“'S significance 49 1.3 4.1 0.5 35.7 47.6 12.1
One-lepton 123 2.9 2.2 0.6 63.2 15.4 18.6
All categories (inclusive) | 118893 | 395.0 88.0 1.3 2.7 1.5 0.5
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Higgs to photons

Table 2: Signal mass resolution (o¢cp), number of observed events, number of expected signal events
(Ns), number of expected background events (Np) and signal to background ratio (Ns/Np) in a mass
window around mypy = 126.5 GeV containing 90% of the expected signal for each of the 14 categories of
the 8 TeV data analysis. The numbers of background events are obtained from the background + signal
fit to the m,,, data distribution.

Vs 8 TeV

Category ocp( GeV) Observed Ny Npg Ns/Npg
Unconv. central, low pry 1.50 911 46.6 881 0.05
Unconv. central, high py 1.40 49 7.1 44 0.16
Unconv. rest, low pry 1.74 4611 97.1 4347 0.02
Unconv. rest, high pry 1.69 292 14.4 247 0.06
Conv. central, low pry 1.68 722 298 687 0.04
Conv. central, high py 1.54 39 4.6 31 0.15
Conv. rest, low pry 2.01 4865 88.0 4657 0.02
Conv. rest, high pyy 1.87 276 12.9 266 0.05
Conv. transition 2.52 2554 36.1 2499 0.01
Loose High-mass two-jet 1.71 40 4.8 28 0.17
Tight High-mass two-jet 1.64 24 7.3 13 0.57
Low-mass two-jet 1.62 21 3.0 21 0.14
E,I;‘iss significance 1.74 8 1.1 4 0.24
One-lepton 1.75 19 2.6 12 0.20

Inclusive 1.77 14025 355.5 13280  0.03
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Higgs to photons

Table 3: Cross sections for the Standard Model Higgs boson production with mp = 126.5 GeV at
Vs = 8TeV [57,58]. The branching ratio to the two photons decay mode is 2.28 - 1073 at mpy
= 126.5 GeV. Gluon fusion and vector boson fusion cross sections are computed in the complex pole
scheme at NNLL+NNLO QCD and NLO EW [58]. Associated production cross section are computed
with zero-width-approximation at NNLO QCD and NLO EW. The ttH process cross section is computed
with zero-width-approximation at NLO QCD. QCD scale (£Scale) and the PDF+a uncertainties are
treated as non-correlated [68].
Process Cross section (pb) +Scale % -Scale % +(PDF+a;)% -(PDF+ay)%

ggF 19.07 +7.2 -7.8 +7.5 -6.9
VBF 1.56 +0.2 -0.2 +2.6 -2.7
WH 0.67 +0.2 -0.6 +3.5 -3.5
ZH 0.38 +1.6 -1.5 +3.6 -3.6

ttH 0.13 +3.8 -9.3 +7.8 -7.8
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Higgs to photons

Table 4: Systematic uncertainty on the number of fitted signal events due to the background model for
the /s = 7 TeV (10 categories) and /s = 8 TeV (14 categories) analyses. Three different background
models are used depending on the category; an exponential function, a fourth order polynomial and the
exponential of a second order polynomial.

Category Parameftrisation Uncertainty [Ney]
Vs=TTeV  +fs=8TeV
Inclusive 4th order pol. 7.3 12.0
Unconverted central, low pry  Exp. of 2nd order pol. 2.1 4.6
Unconverted central, high pry  Exponential 0.2 0.8
Unconverted rest, low pry 4th order pol. 2.2 11.4
Unconverted rest, high pry Exponential 0.5 2.0
Converted central, low pry Exp. of 2nd order pol. 1.6 24
Converted central, high pr Exponential 0.3 0.8
Converted rest, low py 4th order pol. 4.6 8.0
Converted rest, high pry Exponential 0.5 1.1
Converted transition Exp. of 2nd order pol. 3.2 9.1
Loose high-mass two-jet Exponential 0.4 1.1
Tight high-mass two-jet Exponential - 0.3
Low-mass two-jet Exponential - 0.6
EIlE“'SS significance Exponential - 0.1

One-lepton Exponential - 0.3
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Higgs to photons

Table 5: Summary of the impact of systematic uncertainties on the signal yields for the analysis of the

8 TeV data.
Systematic uncertainties Value( %) Constraint
Luminosity +3.6
Trigger 0.5
Photon Identification =24 Log-normal
Isolation +1.0
Photon Energy Scale +0.25
Branching ratio +£5.9% — £2.1% (mpy = 110- 150 GeV) Asymmetric
Log-normal
Scale geF: 112 VBE: f?é WH: fg:g Asymmetric
ZH: f::g ttH: fS:B Log-normal
PDF+a, fufud 25 1’1:3 VBE: 1’%3“’} WH: £3.5  Asymmetric
ZH: £3.6 ttH: £7.8 Log-normal
Theory cross section on ggF  Tight high-mass two-jet: =48 Log-normal

Loose high-mass two-jet: =28
Low-mass two-jet:  +30




