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Since the discovery of a new resonance on July 2012: -

1. Updates with full 2012 dataset

2. Property measurements:
* mass
« couplings
« spin and CP-parity

4.6fb'@7TeV +
i : 7 B o =G 5.91'@8TeV:
This talk covers the latest results in: W " W 6o discovery
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2. H~ZZ AL ArLas Proiminary 3 el
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4. Combination 10° 4.6fb 1 @7TeV +
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Searches span most of the final states and are optimized for single
production modes in order to fully characterize the new boson
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ATLAS-CONF-2013-012

1. 2 isolated high-p; photons (E;>40,30 GeV)

2. Background extrapolated from side-bands in data (yy 75%, yj 22%, jj 3%)
3. Mass resolution ~1.7GeV at 126 GeV

4. Events categorized in several VBF/VH/ggF-dominated regions
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Signal strength at 126.8 GeV:

1.65+0.24(stat)*0-2°  ,4(syst)
(2.30 from the SM hypothesis)

Significance of the excess from
background-only hypothesis at
126.8 GeV: 7 .4¢c
(20 excess for the VBF signal)

0.5

H—yy: Mass & signal strength

ATLAS-CONF-2013-012

Ap-Boz 1t

—— All systematics

----- Without mass scale uncertainties

---------- Without systematic
-+ Best fit

— 68% CL
— 95% CL

ATLAS Preliminary -
H—yy

V=7 TeV, f Ldt=4.8 b

(s=8 TeV, f Ldt I=20.7fb‘1 I

my [GeV]

124 125 126 T27 128 129 130

Best-fit mass: 126.8+£0.2(stat)£0.7(syst) GeV

(dominated by photon energy scale uncertainty)
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H—yy: Spin

Up-Dgs 4 £
ATLAS-CONF-2013-012 ke
1. Spin-1 hypothesis disfavoured by S 200 T L e T
Landau-Yang theorem @ - Nominalanalysis ¢ =o' (sM)fit =2 (100%gg) it -
2. Comparison of the SM 0* hypothesis 5 150F e e sy 2
with the 2*_ "graviton-like” with minimal - .
couplings (produced via gg and gqbar) 100F == | 1 B
3. Discriminating variable: polar angle 8" in 50;1: E
the resonance rest frame - ]
] ] " “ATLAS Preliminary
4. 2 independent fit of signal (0* or 2* ) + OF r E
background — slightly different i .2.0.1.2.’.[ AT AT
|

lcosO*

« Data in better agreement with the SM 0*
hypothesis

« 27 resonance produced via gluon
fusion excluded at 99% CL
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Events/2.5 GeV

N
(4]

1. 2 OS SF isolated lepton pairs (p>20,15,

10, 7(6) GeV)

2. Clean signature, very high S/B, but low

statistics

3. Mass resolution ~1.6-2.4 GeV
4. Categorization in VBF/VH/ggF-like events

SM expectation

9]
o

— « Data

" [l Background 2"
:— B Background Z4jets, tt
C |:|Signal (mH=12 GeV)

— 7/ Syst.Unc.

H—zZ") -4

N
o
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ATLAS Preliminary

[s=7TeV:[Ldt=4.6fb"
s =8 TeV:[Ldt =20.7 b

16
me{GeV]

m,, range >160
[GeV]

376

Observed 32
Events

Exp. SM 15.9+2 1
signal

Exp. Bkg 11.1£1.3
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H—ZZ*)—4l]: Mass & signal strength

ATLAS-CONF-2013-013 pbyztt

2 [T | 1T T | T T | I. T I.I | 1T T | T T L T 1]
= S~ ATLAS Preliminary o
S [ (s=7TeV: fLdt=46f" H-zZ">4l
O 4l Vs=8Tev: fLdt=20.7 fb’ N
D L

— + Best fit

< —68% CL

®)) B e --- 95% CL ]
U) 3 e .~

. without MSS(e) and
.. MSS(u) in lighter colours |

Signal strength at

1243 GeV: 17705, | 5 9 i
n N

Significance of the excess from [
background-only hypothesis at N T ]
at 124.3 GeV: 6.6¢ 122 123 124 125 126 127 128
(1 Higgs candidate in VBF region) T m,, [GeV]

Best-fit mass: 124.3*0-6 , ((stat)*0>, ;(syst) GeV

(dominated by statistical error, systematic error mainly from
energy/momentum scale uncertainties)
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H—ZZ(*)—4l: Spin

Ap-Byz 1
ATLAS-CONF-2013-013 ’
1. Discriminants combining kinematics of
production and decay (5 angles and 2
Z masses)
2. SM 0* hypothesis tested vs 0-,1%,2¢
3. 43 events in 115<m,<130 used
SMvs O SMvs 1*
822 e T s Preliminary] 8 oF + DAk | ATLASPrelminary]
£ 20 [l Background 22" o £ 18} [l Background 22 it
w 1 8;-Background Z+jets, . H—=ZZ =4l L - [ Background Z+jets, tt H—ZZ '—4l E

Signal (mH =125 GeV) Signal (mH =125 GeV)

16F —S=0"  {5=7TeV [Ldt=46fb" 14F —F=0" " (s=7TeV [Ldt=4.61"]

« Data in better agreement with 140 aTevflgt=207 Y 15t T=T (a8 TovLdt 207 o
SM 0* hypothesis wrt to all other | 2 1ok :

tested models 12

N
TT

+ 0-and 1* excluded at >97.8% CL | * |

[\
T

o N b OO @
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0 01020304050.60.7080.9 0 01020304050.60.70809
JP-MELA Discriminant JP-MELA Discriminant
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H>WW®®) =y (I=e, u)
ATLAS-CONF-2013-030
1. 2 OS isolated leptons (p>25,15 GeV) and 2

Ap-Byzzk

large missing transverse momentum e A ey T
2. Categorization based on lepton flavour (eu 12883 Ho W —eviev/iavey Wz Wi
+ue or ee+yuu) and jet multiplicity (0,1, 22) 14000 : 3
3. Very different background composition for 12000 E
each category ot E
4. No mass resolution because of the two E
neutrinos E
5. “counting experiment”: good background : > e e

estimation is crucial </L/

e
Z

Events / 10 GeV

T A PN > T T T T - — ‘ T
soor- ATLAS Preliminary 2 b 2 S0 0m0e - § - ATLAS Preliminary gy oee = ononoe® 2 § ATLAS Preliminary 3
F Vs=8TeV,[Ldt=207fb" [Jd [EsngeTor § = 120[ {s=8TeV,[Ldt=207f" [Jd [ESingeTp | & Vs=8TeV,[Ldt=20.71" 3
C © . Bl Z+jets [ WHets ] ~ - ) . B Z+jets [ WH+ets m ~ o =
250 H—-WW '—evuv/uvev + 0 jets B H25Gey] % 100E H—-WW" '—evuv/uvev + 1 jet B H25Gey] | % H->WW' '—evuv/uvev += 2 J
C ] [ - b [ —
L - > - - > -¢- Dat “ SM (sys @ stat) 7
2001 I Y gk J w -wz:,va 0 wzzzwy,
E H ] r H ] Ou [ single Top
150__ O Jet . - 1 Jet - B Z+jets [] W+ets 3
C ] 60r - I 9oF [ VBF B
100} . 40 3 i
: - . >2 Jet
50F 20 s -
30 200 250 30 150 200 300
my [GeV] my [GeV] my [GeV]
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H->WW®®)—vlyv: Signal strength

ATLAS-CONF-2013-030

> 200—|'| LI I L I L I T 1T I LI I T 1T I LI I T 1T I LI I T 1T :-/j\‘ 4-5;.-I N I rrTT I rrTT I T I.I I.I T I T I I(I*)I ! I T IJE _25
S : ATLAS Preliminary —4— Bkg. subtracted Data ] S 4E ATLAS Preliminary H-WW' "—lvlv ]
- (@)] & _ -
2 150- s=7TeV,[Ldt=4.6fb" [ | Hi1256GeV] - 3 35§\ s=7TeViLdt=46f" 7 oo
2 - \s=8TeV, [ Ldt=20.7 fb" ] RN S /s =8 TeV:[Ldt = 20.7 fb" -
. ] Y ]
0 T H-WW =iy + 0/1 jets ] =S 35 2 Ik (u,m ) = 2.3 1 s
w 100 — M 25 N AW s -2 InA(u,m ) = 6.0 =
- . 25_ —o— H->WW —h (2011+2012)
B i = —¥— H—>yy (2011+2012) 1 10
S0 ] 1.5 —a— H-2zZ"-Ill (201142012)
I~ T s, .
B T cN, -
B § —>1 = -5
O . 0.5F -
P1|5 ||||||||||||||||||||||||||||||| O

6080 100 120 140 160 180 200 220 240 260 120125130 135 140 145 150 155
my [GeV] my [GeV]
Significance of the excess No mass measurement

from background-only :
hypothesis at 125 GeV: 3.7¢ Signal strength at 125 GeV: 1.01£0.31

(2.5¢ for VBF signal) [£0.21(stat)£0.19(theory)+0.12(exp.syst)]

SPIN: 2*  hypothesis excluded at 95-99% ClL4
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SM Higgs combination

ATLAS-CONF-2013-034

Higgs Boson | Subsequent JLdt
Decay Decay Sub-Channels ('] Ref.
2011 /s =7 TeV
H — 727%™ 4¢ {de,2e2u,2u2e,4p, 2-jet VBF, {-tag) 4.6 (8]
10 categories
H=yy B {p1 ® N, ® conversion} & {2-jet VBF} 48 (7]
H—- Ww® tvty {ee, ey, pe, uu} ® {0-jet, 1-jet, 2-jet VBF} 4.6 [9]
TiepTlep {eu} ® {0-jet} ® {££} ® {1-jet, 2-jet, prr > 100 GeV, VH} 4.6
H— tr TiepThad {e, u} ® {O-jet, l-jet., PTr > 100 GeV, 2-jet} 46 [10]
ThadThad {1-jet, 2-jet} 4.6
Z->vy ET™ € {120 - 160, 160 — 200, > 200 GeV} ® {2-jet, 3-jet} 4.6
VH — Vbb W — ¢y py € {< 50,50 - 100, 100 — 150, 150 — 200, > 200 GeV} 47  [11]
Z- p% € {< 50,50 - 100, 100 — 150, 150 — 200, > 200 GeV} 4.7

2012 /s =8 TeV

H — 2Z® 4t {de, 2241, 2u2e, 4y, 2-jet VBF, ¢-tag)) 20.7

(8]

14 categories

How ~ {pr.® 1y ® conversion) ® {2-jet VBF} @ {¢-tag, E™*-tag, 2-jet VH) 207 17]
H— Ww® tvly {ee, ey, pe, up} ® {0-jet, 1-jet, 2-jet VBF} 207 (9]
TiepTlep (€€} ® (1-jet, 2-jet, prr > 100 GeV, VH)
Heor TiepThad {e, 1} ® {O-jet, 1-jet, pr.rr > 100 GeV, 2-jet) 13 [10]
ThadThad {1-jet, 2-jet} 13
Zow E™ss € {120 — 160, 160 — 200, > 200 GeV} ® {2-jet, 3-jet} 13
VH > Vbb | W — ¢ty pTv € {< 50,50 - 100, 100 — 150, 150 — 200, > 200 GeV) 13 [11]
Z- ,2 € {< 50,50 — 100, 100 — 150, 150 — 200, > 200 GeV) 13

17.05.13 Daniele Zanzi (MPI)
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Mass measurement

ApDg= 41
ATLAS-CONF-2013-014, ATLAS-CONF-2013-034 e
High resolution channels:
1. HZZ*—4l: )
« m,y=124.3*06 , ((stat) 05, ;(syst) GeV
* 4u(4e)-event momentum resolution £0.2%(0.4%), o
2. Hoyy: i Combination:
* my=126.8+0.2(stat)+0.7(syst) GeV 125.5+0.2(stat)*0-5 , 5(syst) GeV
« systematic error dominated by systematic uncert on
photon energy scale
3 129 ATLAS Preliminary -
% C ﬁ - 7 Ter ﬁdt - 4.6-4.8_1fb“
m e } s=8TeV: .dt_20.7 fb
A i
qo7- 95% CL
e 99.7% CL
r — Am =0
126/~ ST "
. Am = 2.3+06 _(stat)+0.6(syst)GeV
124 (2.46 from Am=0)
s S
i2p iz el s e i e e
m,, [GeV]
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Signal Strengths

ATLAS-CONF-2013-034

Ap-Boz 1t

Signal strength for individual channels
Slgnal strength for productlon modes

| | | | |
ATLAS Preliminary
W,ZH — bb

Vs =7TeV: [Ldt=4.7 fb"
Vs =8TeV: [Ldt=131b"
H—1t

Vs =7TeV: [Ldt=4.6fb"
\s= BTerLdl 13fb

H—WW" = v
Vs=7TeV: [Ldt=4.6fb"

\s =8 TeV: [Ldt=20.7 fo"
H— vy

\s=7TeV: [Ldt=4.8f0"

Vs=8TeV: det

H—2ZZ

Vs =7TeV: [Ldt =

Vs =8TeV: [Ldt=

20.7 b’

O 4

46"

20.7 b

i my=125.5 GeV

_ ——

Combined

u=1.30+0.20

x B/Bg,

VBF+VH

=

10|

.

ATLAS Prellmlnary

Vs=7TeV: [Ldt=4.6-48f0" _]
Vs=8TeV: [Ldt=13-20.7 fb" ]

_H—>YY
—H-2z2" >4

H— 1t

+ Standard Modeli

X Best fit

V. —H->ww" - v —68%CL

---95% CL

Vs=7TeV: Lot =4.6- 4.8 10" | e
Vs =8TeV: [Ldt=13-20.7 b !

| | | | | I |
4 0 +1

Signal strength (u)

x B
l'ng F+ttH SM

= 1.30+0.13(stat)+0.14(syst)
9% compatibility with SM
(weak dependence on assumed
Higgs mass)

Hyervh! HggF+ttH ~ 1.2%07 45
Compatible with SM expectation of unity
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Fermion vs Vector Coupling

ATLAS-CONF-2013-034

Ap-Byzt

Assumptions:

+ Signals observed in different channels originate from single narrow resonance with my=125.5 GeV

+ Zero-width approximation: oxBR(ii—*H—ff) = o [/ I,

» Tensor structure of the couplings assumed to be SM, only coupling strengths are modified with scale
factors k

1. Consistent treatment of couplings in Higgs

production and decay F U amas peimeay | e
2. Vector coupling scale factor k,=k\=k, ® 3— E:;gﬁ::‘:;iffw 15863: gtL _
3. Fermion coupling scale factor kg=k=k,=k =k, Q b -+~ 95% CL E
4. Only SM contributions in H—yy and gg—H loops % - -
and in Higgs decays S s E
5. 8% compatibility with SM hypothesis o ob E
6. Vector coupling k,, directly and indirectly =
constrained S -1 E
7. Fermion coupling k¢ still not directly constrained, 8 X Y B Y- B B I R R

but only indirectly from ggF-dominated channels _ X
Coupling to vector bosons '
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Coupling Fits -
ATLAS-CONF-2013-034 pR7ZIE

ATLAS Preliminary s =7TeV, [Ldt=4.6-4.81b"

-1 .
Sslo  x20  Vs=8TeVJldt=-132070" Q)| Expectation

model:
Kys Kg

N N i Fermion vs Vector coupling (only SM
I contributions to total width)

Fermion vs Vector coupling (no

model
My Kyy
>
-
<

< : :
: assumption on total width)
:g; Pz <— Custodial symmetry of W and Z coupling
8 N <— BSM effects in the ggF and H—yy loops
g
%m . BSM effec’Fs in the_ggF and H—yy
Es | | loops and in the Higgs decay
-1
my, = 125.5 GeV parameter value
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Summary

Ap-Boz 1t

1. Preliminary results based on full 2012 datasets Q’Z‘H“fjf“mi“ary
in H—yy, H—»ZZ*—4] and H>WW*—hly R
2. Independent observations in all three channels -
3. my = 125.540.2(stat)*?>, 5(syst) GeV Y PR, ;st
4. u=1.30+0.13(stat)+0.14(syst) N
o o+ imi =7TeV, [Ldt = 4.6-4.8 fo"
- +0.7 Signal strength () :T;L;IUS Pre:h;wtljnary E;sTev:{Ldtﬂs-zoJfb“
5. pversvhlHggrin = 1.27%7 5 T
6. 3.1c evidence of VBF production e ] l
[ /s=8TeV, fLdt=13-207 " :gg:ﬁ 8t ] -
7. Higgs couplings consistent with SM within 2¢ ERE LA | [
8. SM 0* hypothesis preferred against 07,1 and 2¢ . I Il
: VERY SM Ilke 07 "o os 1A T2 is £ !7
: ‘-1‘ - ‘0‘ 1 -
my = 125.5 GeV parameter value
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Summary

JAVRAY> S 3

13

WE HAVE IT*!
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Summary

1 .JY

\ WE HAVE IT*!
.
-

-
"

(*) “IT” means A Higgs boson, responsible for the Higgs mechanism
Next question: is this THE SM Higgs boson are there others??
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