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Higgs produc’rlon

@ Dominant process:
Gluon fusion

\s= 8 TeV

LHC HIGGS XS WG 2012

@ Also relevant

D

@ Associated
production (VH)

d ttH

g q
?“ H 12_ )
g q q

(b) VBF




Gluon fusion

@ Largest production rate for all

Higgs masses at the LHC g "eomeees o th
{ >--H

@ Gluon-gluon initial state

g 09099999

@ sensitive to fop quark Yukawa coupling
@ largest contribution in loop from ftop quark
@ b quark contribution small (about 5% in SM)

@ Effectively counts number of heavy fermions (Fi2 -> -4/3)
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Vector Boson Fusion

@ Vector Boson Fusion
@ Sensitive to VVH couplings
® Interaction vanishes if vev=0

@ Needed to cancel divergence in
WW scattering

@ Distinct event signature

@ 2 “tagging” jets with high invariant dijet mass and large
rapidity difference

@ No color flow between tagged jets - suppressed hadronic
activity in central region

Higgs decay

products




Higgs decay

@ Most sensitive channels

g
in low mass region: = ¢
@
o H->WW x
@ H->¥¥
@ H->ZZ
@ H->bb

only in VH production
due to background
and frigger

@ H->TT



Higgs decays fo phm‘ons

@ Dominant contribution is W loop!

@ Contribution from top is small and fop
has opposite sign
3 3
o M, 16
D(h = 17) = g e T =
2567"s,, M,
@ Rate of H->¥¥ can be changed by rescaling the couplings
to fermions (cg) and to vector bosons (cv)
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The challenge

proton - (anti)proton cross sections

1O e 108 @ Tiny cross
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Need to understand the
SM background'

ATLAS Prellmlnary

LHC pp \f§ 7TeV
Theory

o Data(L=0.035-46 )

LHC pp Vs =8 TeV
mam Theory

® Data(L=5.8-20fb )

58fb"
% —I—

A S S
10m' 13t

4ebe_I_ i

46fb1

20 fb™

21 x =
' 4.6fb"
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H -> ZZ -> 4 Leptons =i

@ Challenges

©
—
N

ATLAS Preliminary
@ Simulation
: e m,=125GeV

Gaussian fit
@ lepton identification and 08 s Tow /\

a.u./ 0.5 GeV
o

o
o
(00)

reconstruction eFﬁCiency .08[~ m = (124.51+ 0.02) GeV

= (2.01+£ 0.02) GeV
fractlon outside + 20: 13%

® about 15 selected events
in 21fb~!

@ Advantage m,, [GeV]

without Z mass constraint

=
—
N

ATLAS Preliminary

® Mass can be fully

Simulation
o m, 125(3-eV
reconstructed -> narrow peak . — Gaussiann
‘ | H—ZZ*—4u (\s = 8 TeV)
® Pure, i.e. S/B-1 I

o
—

>
&)
S
0
o
~
=)
©

(1.62+ 0.02) GeV

A Main backgrounds: . fractlonout3|de+2<s 16%

with Z mass constraint

@ ZzZ" production (irreducible)
80 90 100 110120 130 140

ATLAS-CONF-2013-013 15 m,, [GeV]



http://cds.cern.ch/record/1523699
http://cds.cern.ch/record/1523699

H -> ZZ -> 4|: backgrounds

@ Given the low rate, a precise
background estimate is crucial

@ Use control regions fo measure
the background processes with
cuts very close to actual
analysis selection

@ Example on the right:

® Z+jets and ttbar estimate by
relaxing lepton criteria on the
3rd and 4th lepton

@ Clear separation of the
backgrounds allows for the
extraction of both backgrounds

ATLAS Preliminary
wru/ete +utu
\s =7 TeV: J}let =46fb"
\s =8 TeV: [Ldt = 20.7 fb”

¢ Data
Signal (mH=125 GeV)
mzz
B Z+jets
St
Wz
7 Syst.Unc.

e Data
Signal (mH=1 25 GeV) o
HZzZ ATLAS Preliminary
wp/ete Huw
\s=7TeV: |Ldt=4.6 fo"
(s =8 TeV: |Ldt = 20.7 fb!




H -> ZZ -> 4|: results

|II I|[IIIIII|II

_I|IIII|I1II II|III ]
— ATLAS Preliminary N

[ \s=7TeV: [Ldt=461" HozZ) S a ] M 4
~ |s=8TeV: |Ldt=20.7fb" : @ aSS-

w
o

~ * Data ATLAS Preliminary
" [ Background 22" U770 sal

— [l Background Z+jets, ff

E D Signal (mH=125 GeV)

— 7, SystUnc. \s=7TeV:[Ldt= 4.6 b’
B \s = 8 TeV:|Ldt = 20.7 fo”

N
&)

Events/2.5 GeV

+ Best fit
—68% CL

O PN i 124.310° GeV

.. MSS(n) in lighter colours |

Signal strength (u)

ll @ Signal strength:

_I|IIII | 1 | 1
122 123 124 125 126 127

L]
128

total signal signal Z7Z™) Z +jets, tt S/B expected observed
full mass range 12572 GeV

vs = 8TeV and /s = 7TeV
6.8 +£ 0.8 63+08 28+0.1 055+015]19 96+1.0 13
3.4+0.5 30+04 14+01 156+033] 1.0 6.0+0.8 5
4.7 £ 0.6 40+05 21+01 055+0.17| 15 6.6 +0.8 8
3.3+0.5 26+04 12+£01 1.11+028] 1.1 49+0.8 6
182 +£2.4 159+21 74+04 3.74+093| 14 27.1+34 32




H->%%
@ Signature:

2 isolated energeftic photons

ATLAS Simulation ® Unconverted central

high P,
FWHM = 3.2 GeV

o
o
[\®)

o
a

H—yy

my= 125 GeV
\s=8TeV

1/N dN/dm,, / 0.5 GeV

@ Small branching ratio but
good signal yield

@ Expect O(500) signal events
after selection in current data

m,, [GeV]

@ Good mass resolution -> clear
peak over smooth background

ATLAS —_—— ’Y’Y+DY Data

Data 2012 —s— vj Data
\s=8TeV,[ Ldt= 5.9fb" —— jjData
—}— Stat. uncertainty
Total uncertainty

Events / GeV

@ Main backgrounds:
@ ¥¥(30 pb, irreducible)
@ ¥j (200 pb, reducible)
o

® Need powerful ¥-jet rejection O(10%) ;s ATLAS-CONF-2013-012



http://cds.cern.ch/record/1523698
http://cds.cern.ch/record/1523698

H->¥3%

categories

Inclusive
Unconv. central low p T

Unconv. central high p o
Unconv. rest low P,
Unconv. rest high th

Conv. central low p T
Conv. central high P

Conv. rest low p_.
Conwv. rest high P,

Conv. transition

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

ET"* significance
One-lepton

ggF mVBF WH ®ZH
. ATLAS Preliminary (simulation)

IllllllllllllllIllllllllIllllllllllllllIlllllllll

0
signal composition (%)

ATLAS Preliminary
H— vy

di-photon selection

: l

One-lepton

W(— IV)H, Z(— IH
E?iss significance
W(= IW)H, Z(= vv)H
Low-mass two-jet
W(= jiH, Z(— jhH
High-mass two-jet
VBF

- l

9 th-n-conversion

VH enriched

VBF enriched

ggF enriched

ggF

10 20 30 40 50 60 70 80 90 100
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H->¥¥: mass spectra and classes (ATLAS)

| @ Enhance sensitivity by splitting info
Selected diphoton sample :
t RN s ooy event categories
Bkg (4th order polynomial)

ATLAS Preiminary @ 2 VBF + 3 VH + 9 ggF categories
converted, central/forward,...

Events / 2 GeV

\s=7TeV, JLdt =481’

Is=8TeV, det =20.7fb"

Category| S/B | O m/GeV.
best OR-Y4 1.64

worst 0.01 2.52
+ Data S/B Weighted

inclusive| 0.03 1.77
—— Sig+Bkg Fit (m =126.8 GeV)

Bkg (4th order polynomial) D CC1'|'€gOl”y weighf = In (1+ s/ b)
s/b evaluated in mass window
containing 90% signal

@ analytic model for s and b

f M & significant excess at M= 126.8 GeV
10 120 130 140 150 160 signal s’rreng’rh 1.65+0.3 x SM
20

m,, [GeV]

Fitted bkg

Events -

>
0]
O
~~
@
<
2
o
=
N

1s=7 TeV, J.Ldt=4.8 fo!

\s=8 TeV, [Ldt=20.7 b H—yy

Y weights - Bkg




()]
o, - Dat “2 SM (sys @ stat)
H = >WW— > lv lv 0 ATLAS Preliminary = v = wzzzwy
\s=8TeV,[ Ldt=20.7fo" [Jt [ Single Top

. B Z+jets [] WHjets
Howw' )—>evuv/uvev B H [125 GeV]

@ Most sensitive channel in a
wide mass range

@ Signature:
@ 2 oppositely charged leptons

@ large missing Er
@ Challenge: poor mass resolution due to 2 neutrinos

@ Use Transverse mass m, — \/(Egé 4+ FHEUSSy2 . |5l | pIniss)2
@ Fit shape of mT to extract signal contribution
@ Classify events by number of jets
@ O jets dominated by WW background, sensitive to ggF
@ 142 jets dominated by top background

@ 2 jets selection to isolate VBF production
21 ATLAS-CONF-2013-030



http://cds.cern.ch/record/1527126
http://cds.cern.ch/record/1527126

->WW->lvlv: Results
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[ . . 777 _ ) - . . 7 - (0] C .. .
S s0of- ATLAS Preliminary e "3 O - ATLAS Preliminary 2oee Z 000" 1 @ gE ATLAS Preliminary 3
2 C \s=8TeV,| Ldt=207f" [Ji  [JSngeTop - 2 120 \s-8TeV,[ Ldt=20.7fb" [J& [0 SngeTop « = \s=8TeV,[Ldt=20.7fo" 3
2 250 Howw Sevuv/ 0jets T ree D Hee = C Howw! / et e O e 1 2 FE H-WW " —evuv/ 2 7
g - uv/uvev + 0 jets B H25Gey] £ oo M —evuv/uvev + 1 je BB H[125Gev] £ 6: evuv/uvev += 2 J
() : ] () B N () E =
> L . > o N > = -4- Data %% SM (sys @ stat) -
w200 - W gk 4 W 5 mww [ wzzzwy
C ] N ] E R [ single Top
= = B - 4F [ Z+jets [] W+jets -
150 u 7 60~ - = B 9oF [[] vBF -
n ] N ’ 3E —
n 7 - - 2 -
S0 E 20p E 1E =
050 100 150 200 250 300 S 100 150 200 250 300 50 100 150 200 250 300
my [GeV] my [GeV] my [GeV]
[ ]
; [}
> 200 !:0' I T 1T 7T l UL | L l T 17T I UL l L I L I T 17T I L | T 7T "—_' @ S l g n a l S + re n g + h .
& [ ATLAS Preliminary —¢— ko subiacted Data
2 gof \s=7TeV,[Ldi=a6t’ [ Hiscev 1 01 O 31
£ - \s=8Te*V,ILdt=2O.7fb'1 /’LObS G :I: 5
o HoWW ' Siviv + 0/1 jets
W 100

Hobs,geF = . A = (). 30
Hobs, VBF — 1.66 =0.79

+

50

IlIlIlIllIIlIlIlII

IIIIIIIIIIII

0 _

—-- o B N L N B IR ELSLELELE ELRLRLIL o
5 + ] f = ATLAS('?fe“minary \s=7TeV:|Ldt = 4.6 f5" ]
Col oo o by b b v b s s v v s by g v 1y v 01 - - * i 1 -
60 80 100 120 140 160 180 200 220 240 260 g | HOWW S 15 =8 TeV:[Ldt = 20.7 o' ]
= 6 ——pestfit —
my [GeV] o L m-2inw<t ]
® 5 __ Exp. best fit m,, = 125 GeV ]
2 b 2mmp)<1 .
) 4( (W) -
]Vjet Nobs N bkg N sig 3 E
2 -
=0 831 739+ 39 o7+ 20 ]
=1 309 261 +28 40+ 13 S 00 e .

> 2 55 36 +4 106 +1.4 T T N B N I

I 11 1 I
140 145 150
m, [GeV]

115 120 125 130 135
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Inputs to the combination

® Combination of many different channels. Further subdivision

enhances sensitivity (e.g. H->¥¥) ATLAS-CONF-2013-014
ATLAS-CONF-2013-034

Higgs Boson | Subsequent

Decay Decay Sub-Channels

2011 /s =7 TeV
H— 77" 4¢ {de,2e2u,2u2e, 4u, 2-jet VBF, {-tag}
10 categories

:: H=7vy B {p1t ® N, ® conversion} & {2-jet VBF}
O H— WW® {vly {ee, eu, ue, uu} ® {0-jet, 1-jet, 2-jet VBF}
) TlepTlep {eu} ® {O-jet} @ {€£} ® {1-jet, 2-jet, prr > 100 GeV, VH}
H s p TlepThad {e, u} ® {0-jet, 1-jet, prr > 100 GeV, 2-jet}
ThadThad {1-jet, 2-jet}
Z — vy ET™ € {120 — 160, 160 — 200, > 200 GeV} ® {2-jet, 3-jet}
VH — Vbb W — Ly p¥’ € {< 50,50 — 100, 100 — 150, 150 — 200, > 200 GeV}
Z— p% € {< 50,50 — 100, 100 — 150, 150 — 200, > 200 GeV}
H — 7Z7Z®) 4¢ {4e,2e2u,2ue, 4u,2-jet VBF, £-tag}} 20.7
14 categories
H=vy B {p1t ® 17, ® conversion} & {2-jet VBF} @ {{-tag, ErTniSS-tag, 2-jet VH} 20.7
N H — WWw& %A% {ee, eu, ue, pu} ® {0-jet, 1-jet, 2-jet VBF} 20.7
—t TiepTlep {€6} ® {1-jet, 2-jet, prr > 100 GeV, VH} 13
O H o rr TlepThad {e, u} ® {0-jet, 1-jet, pr.r > 100 GeV, 2-jet} 13
N Thad Thad {1-et, 2-jet} 13

Z - vy ET™ € {120 — 160, 160 — 200, > 200 GeV} ® {2-jet, 3-jet} 13
VH — Vbb W — ly p?’ € {< 50,50 - 100, 100 — 150, 150 - 200, > 200 GeV} 13
Z — p% € {< 50,50 - 100, 100 — 150, 150 — 200, > 200 GeV} 13 24



http://cds.cern.ch/record/1523727
http://cds.cern.ch/record/1523727
http://cds.cern.ch/record/1528170
http://cds.cern.ch/record/1528170

Signal strength (1t = 0obs/0sm

@ Significant excess in all three dominant channels (33,
ZZ, WW) compared to background only

@ H->bb and H->tT not yet updated to full dataset

ATLAS Preliminary  my = 1255 GeV
W,Z H — bb 5

\s =7 TeV: [Ldt = 47fb
\s=8TeV: [Ldt=13fb"

H— 1t
\s=7TeV: [Ldt=4.61b"
\s = 8 TeV: det 13fb

H— WW" = viv i =125 GeV)
\s =7 TeV: [Lot = 4.6 b VH — Vbb -04+1.0

\s =8 TeV: |Ldt = 20.7 fb”

H— vy H— 11 0.8 +0.7
A e H— WW® 10+023
H— 22" - 4 H— yy 1.6 £ 0.3

\s=7TeV: [Ldt = 4.6 "

\s =8 TeV: [Ldt =207 b H — 77% 1.5+04

Combined w =1.30 £ 0.20 Combined | 1.30£0.20
\s=7TeV: [Ldt=4.6-481b" :

\s=8TeV: |Ldt=13-20.7 fb"

u

Higgs Boson Decay (mp=1
H

0
Signal strength ()




Compatibility of my and u
® Mass information from high resolution channels H->¥¥ and
H->ZZ->4]|

@ H->WW->lvlv has only poor resolution due to the
neutrinos in the final state

N

ATLAS Preliminary —— Combined
\s=7TeV: [Ldt = 4.6-4.8 fb! — Hoyy
\'s = 8 TeV: [Ldt = 20.7 b —Ho 772" S 4

ATLAS Preliminary H-WW! —lviv
\s = 7 TeV:|Ldt = 4.6 &'
\s = 8 TeV:|Ldt = 20.7 fb”

-2 Ini(u,m ) = 2.3

-2 Ink(u,m ) = 6.0
—o— H-o>WW S hiv (2011+2012)
—%— Ho7yy (2011+2012)
—a— H-2Z" =11 (2011+2012)

X Best fit

w

Signal strength (u)
w
&)

g
Signal strength (u)

N

—_
)

1015 120 125 130 135 140 145 150 155
my, [GeV]

128 129
my [GeV]

my = 1255 = 020kl 6(Sys) GeV

26
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@ New particle decays into two particles
with identical spin and charge sum O

@ Discovery of a neutral boson

@ Overall signal strength consistent with
SM prediction (also for individual

Is it the SM I-Ilggs?

channels with still large uncertainties)

® Couplings of the Higgs in the SM are fixed for a given my

@ Need

to probe coupling structure of new particle!

@ Spin and CP?

@ Spin 1 hypothesis very unlikely due fo the decay into
two photons (disfavoured for spin 1 by Landau-Yang
theorem)

@ Selection in H->WW makes use of predictions for spin O

28
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Production mechanism

@ Group the production modes into 2 groups

@ ggF and ffH scale with the ttH coupling in the SM

@ VBF and VH scale with the WWH/ZZH coupling in the
SM

ATLAS Preliminary
\s=7TeV: |Ldt=4.6-4.8fb"
\s=8TeV: |Ldt=13-20.7 b
ATLAS Preliminary my, = 125.5 GeV

\s=7TeV: |Ldt=46-48fb"
\s=8TeV: |Ldt=13-20.7 fb"

x B/Bgy,

ATLAS Preliminary

Vs=7TeV: [Ldt=46 10" H - ww" S v
\s=8TeV: |Ldt=207fb"
m,, = 125.5 GeV + Standard Model
% Best fit
—68% CL

— combined —H -y
--- SMexpected —H — 77" - 4|
—H o> ww” S v

x B/Bgy,

—H-yy + Standard Model
Y —H_ 77" 4 X Bestfit
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Closer look at couplings

@ Assumptions:

@ Signals originate from a single resonance with mass of
125.5 GeV with a negligible width.
Narrow width approximation can be used:

(@

0ii* Lgf

BR)(it > H— ff) =

'y

@ Only modifications of coupling strengths, i.e. absolute
values of couplings, are taken into account: the
observed state is assumed to be scalar, CP even

@ Introduce scale factors k; such that the cross sections
and partial decay width associated with particle | scale

with kiz

,{2

(0-BR)(gg = H = vy) = ’igasm (99 — H) - —;BRSM(H Y 7Y

H



Summary of coupling tests

ATLAS Preliminary \s=7TeV,|Ldt = 4.6-4.8 fo

RE &7 Rt oihh = N+t1c *2 \s = 8 TeV, |Ldt = 13-20.7 fb”
Ky "i=" hne 0 _. |
AFv = Kr/Ky
Kzz S Watky|h
Awz = Biahg
Apyz R
I Sie FH(Kq) sM
H 1_BRinv.,undet. H

m, = 125.5 GeV parameter value
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Maybe It Is a spin-2 particle?

A(H - VV) = s [291th*1’“o‘f*2 R Qg t/w q‘j‘\gff Lo 2,03
~B~ x1, v *2, UV x1, a8 p*(2
‘FQS A? t5V<f LH %_f?2ML :>%_g A? uuf?l /gf ()

x1/ k(v kO kU “q

,LL 2 *
(295tW61 €5 QQGTtW(Q 3% el B g7 tweleQ)

¥ x1,a8 £*(2 e ka?
s quq t,uz/f 1, Bf ( )_|_g L P o el 620(]

I 910%204(1@ €Iqu/po'q q ( TV(QGQ) _|_ 6 (Qﬁ))} arXiv:1001.3396

@ General amplitude for decay into two identical vector
bosons contains 10 effective coupling constants g

@ Assume gi=gs=1 (graviton like tensor with minimal
couplings)

@ Production mode can be via ggF as well as via qgbar

@ Scan as function of the qgbar fraction
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Information on spin from decay
angle distribution

@ Kinematics fully described by five
angles and two invariant masses
(assuming fixed my)

@ Only ZZ events can provide full
information (but low statistics)

@ Other channels in principle less
sensitive (but higher statistics)

N arXiv:1208.4018
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Spin in H->WW: method

ATLAS-CONF-2013-031

ATLAS Preliminary
Simulation, \s =8 TeV

—H0' [125]
. H 2 [125]

@ Nominal H->WW analysis makes use of
spin-0 nature of SM Higgs boson via cut on
angle between leptons

Ho WW''— ep/pe + 0 jets
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® Need to relax this cut (and others) in order
to maximize sensitivity fo spin-2

® Use 2 BDTs with 4 variables to deal with
Increased background and spin separation

ATLAS Preliminary

Simulation, \s =8 TeV — H0"[125]

Hos WW''—s ep/pe + 0 jets e H27[125]

Arbitrary Normalisation

@ Train spin-0/spin-2 vs. background
@ Input variables: A¢y, my, pt, mr

ATLAS Preliminary & o = 0 o

\s=8TeV,[ Ldt=207f6" [Ja [ Single Top

8 . Z+jets Wijets
HoWW' )—>evpv/uvev +0 jets= H+0. [25] B W

ATLAS Preliminary o 5= = 0 o™

\s=8TeV,[ Ldt=207f6" [ Single Top

. Z+jet Wiet
H-Ww/' )—>evuv/uvev + 0 jets = Hﬁ [5125] [ Wejets

ATLAS Preliminary ;5\7\/‘:
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Spin In I-I->WW resulf

LI L B

@ Benchmark spin-2 model
excluded at 95% confidence
level in favour of SM Higgs
boson

Arbitrary Normalisation

@ even stronger (up to 99%)
with increased qgbar fraction

Events /0.1
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@ Method: fit background

subtracted cos(theta®)
distribution

@ Result: benchmark spin-2
model excluded with up to
99% CL (0% qgbar) in favou
of SM Higgs

In(L(0)/L(2))

Spin In H->%3%

r

ATLAS-CONF-2013-029
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Spin In H->ZZ

@ BDT with decay angles and invariant masses trained to separate
between spin hypotheses

@ In addition fo spin-2 also spin-1 has been investigated
® Results: ATLAS-CONF-2013-013

* Data ATLAS Prellmlnar : * Data ATLAS Preliminar
[ Background zz" y [ Background zz" y

*)
[ Background Z+jets, tt H-zZz" -4l LW 35\ [l Background Z+jets, tt ~ H—>ZZ '—4l
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\s=7 TeV:|Ldt = 4.6 b 30 — poor \s=7 TeV:[Ldt = 4.6 fb”

1s=8 TeV:/Ldt = 20.7 b F=2; |5=8 TV [Ldt = 20.7 fo'!

ATLAS Preliminary
H—zz" - 4 eData Spin 0
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2
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\s =8 TeV: [Ldt=20.7 b P _ A+ \s =8TeV: [Ldt=20.7 fb" P _ A+
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Summary on Spin

T~ 14 ATLAS ' Preliminary ATLAS Preliminary  eData Spin0 ATLAS Preliminary

H—-ww - evuv/uvev Signal hypothesis [ 10 H-—> ZZ( ) — 4] ®Data Spin0
20 8
Vs =7 TeV: _[Ld’[ - 4.6fp"'  Signal hypothesis 1o
[ ) JE = O+ ) JE = 2+ \/g =8TeV: J-Ldt =20.7 fb-1 ® JZO = O+ \:’26

Vs =8 TeV: ILdt =20.7fb! Signal hypothesis Vs =8 TeV, f Ldt = 20.7 fb™ ° Jﬁo =0t [Ja2o

o JE _ ot BDT analysis ° ‘Jl:,‘ _ ot

@ All three channels clearly prefer the SM Higgs over the
benchmark spin-2 model

@ WW and ¥¥ have complementary sensitivity as a function
on the production mode

® beneficial for combination!!
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CP in H->ZZ

@ Similar BDT with decay angles and invariant masses trained to

separate between CP hypotheses (0* and 07)
@ Result:
® CP odd (spin-0) excluded at 97.8% CL s cateee o
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SUSY: search for stop par

t.t, production Status: Moriond QCD 2013

L | L I L | L | | I I | | I D |

_ATLAS Preliminary tm =152 fo! \s=8 TeV L = 4.7 10" \5=7 TeV

=m t—>1t7° OL [CONF-2013-024], 1L [CONF-2012-166]  OL [1208.1447], 1L [1208.2590), 2L [1209.4186]

nl' o+ 5 GeV (L ATLAS-CONF-2012-171
= 106 GeV i 2L [1208.4305], 1-2L [1209.2102]

=150 GeV 1L ATLAS-CONF-2012-166

m~ 10 GeV 2L ATLAS-CONF-2012-167
= 2 x m.o 1L ATLAS-CONF-2012-166 1-2L [1209.2102)
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SUSY search summary

ATLAS SUSY Searches* - 95% CL Lower Limits (Status: Dec 2012)

" | [ [ T 1T 111 | . . T T T T TTI L
MSUGRA/ICMSSM : Olep +js+E, L-S.llb‘.afo\lhwzdlll 150Tev. q =g mass ! b
MSUGRA/CMSSM : 1 lep + |s +E, .. |L=5.81b7.8 eV [ATLAS-CONF-2012-104) 1.24 TeV ~Ei =g mass ATLAS
% Phenomodel : O lep +)'s + E, . |L=5810"8 TeV [ATLAS-CONF-2012-109) 148TeV! g mass (m(g) < 2TeV. lgn ‘LA'
_i’ Pb_eng moqgl :0lep + |s +E, ... |L=5.81". 8 TeV [ATLAS-CONF-2012-109) B X . Preliminary
& Gluinomed. 7 (g—=qGx ):1lep+js+E, .. |ESeTHNTTevE Ge! ISS { y+m(@))
@ GMSB(INLSP) 2le sOS)+ [S+E, .. |SSTmEEevE 24 TeV 1
2 GMSB (TNLSP):1-21+ lep+)ys+E 71077 TeV [1210.13 20 TeV
3 GGM (bino NLSP) : r(+E ' b, 7 TeV [1209.07 el g i) ' det= 2.1-13.0)fo’
3 GGM (wino NLSP) : ,+|ep+E": =48 0™ 7 ToV [ATLAS-CONE-2012- ' (2. -0)
- GGM (higgsino-bino NLSP) :y + b + E I T TR £ R TPITRT Go R, (i) > 220 GoV) fs=7. 8TeV
GGM (higgsino NLSP) : Z + jets + E, . |L581b" 8 TeV [ATLAS-CONF-2012-152] 690 GeV > 200 GeV)
Gravmno LSP :'monojet’ + E, . |Ls10.51b" 8 TeV [ATLAS-CONF-2012-147) 645 Ge )(G) > 10 ‘:v;
& g—>bb (vnrtual b) Olep + 3b-'s +E, .. [L=1281b% 8 eV ATLAS-CONF-2012-145) ass (m(i,) <200 Gev)
- g—>tt,( (vurtualt) 2 lep (SS) +,S+E,ms L=5.8 1b". 8 TeV [ATLAS-CONF-2012-105) ass (mii ) <300 Gev)
g 9 g—atb( (vitualt) : 3lep +j's + E, . |E=1501b" 8 TeV [ATLAS-CONF-2012-451) 860 G g mass (i) <300 Gev) 8 TeV resulis
® 3 gty gwrlualt) 0 lep + multi-f's + £, |L=581"8TeV [ATLAS-CONF-2012-103) 100TeV’ g mass lml,( ) < 300 GeV)
o O g_ni'z _(vurtua!t) Olep + 3b-'s +E, ... [L=1281b"8TeV [ATLAS-CONF-2012-145) 115Tev g mass (i )< 200 GeV)
o bb,b,=bi, : 0 lep + 2-b-jets + E; ., L=12.81b”, 8 TeV [ATLAS-CONF-2012-165) GeV b mass (mix ) <120 Gav)
i; ; bb. b Sty :3lep+js+E, .. L=13.01b”, 8 TeV [ATLAS-CONF-2012-151) b mass (mig, y=2mix n
39 tt (light), t—>t3,( 1/2 Iep (+ b-Jet) +E, .. tms <m¢; ) = 55 GeV)
a 3 tt (medium), t=bj" : 1 lep + b-jet + E, . [L=13.01b" 8 TeV [ATLAS-CONF-2012-1 50 GeV tmass (i) = 0 GeV. m(i,) = 150 GaV)
§ < tt (medlum) t=by :2lep + E, e |t=1301b7 8 Tev [ATLAS-CON 160-440 GeV tmass (méz’ ) =0GeV ‘mii)-m) = 10 Gev)
>0 t; t—>t,( 1lep +b-jet+E, .. [t=t30m".2 230-560 GeV_ t mass |m(1 )=0)
S S _  tLtot7, : 01172 lep (+ bjets) + E, ,::: L=4.7 ", 230-465 GoV t mass Cm(z ,-0)
tt (natural GMSBl Z(=ll) + b-jet + E . ~ Ge tmass [115’mu ) < 230 GeV)
" L 1 l—>l,(° 2lep + E, niss <mu )= 0)
=8 ok Ll L—)I\'(h)—ﬂ\& 2lep+E, ... ~ 110-340 GeV / ‘mass , iz )- 10 GeV.m(lyv) = nU )vmu );,
WS Z Z I \'| |(\'\) |\'| A(vv):3lep +E, e . Xt -2012-154) MM / mass (mii,) = rruc) "’L( )= 0, m[lx)as above)
-‘5_) W "z Z ‘ZB 3 Iep . E, 01b”", 8 TeV [ATLAS.CONF-2012-154) 140-285 GOV l mass (mu ) mui) mljc) 0, slep*ons decoupled)
. Direct % pair prod. (AMS ) : long-lived - : i mass (1<1(x )< 10 ns)
—D -
23S Stable g_R -hadrons : low 3, By (full g mass
%< Stable t R-hadrons : low B.@y (fu t mass
3 2 S TMass (5 <tanfi <20)
- ,( — qqu (RPV) :u + heavy dis f00GeM] Q Mass (0.3<10° <k, < 1.5¢10”, 1 mm < cz < 1 m,3 decoupied)
: ATeV V. mass {£,,=0.10, ,,,=0.05)
LFV - y V. mass (,=0.10,4,.,,=0.05)
? : : ATL, ONF-2012-140] 2 Te\ q gmassw <1 mm)
Ve L=13.01b”, 8 TeV [ATLAS-CONF-2012-153) 700 GeV 1, mass lmu ) > 300 GeV, A, 0 &, > 0)
, cdlep + E, .. |t=1301b".8 TeV [ATLAS-CONF-2012-153) 430Gav | mass_ (- ) > 100 GaV, m(\;-mu )=m[l ; A, orl >0)
o . .
qqq - 3-jet resonance pair _ g mass
luon : 2-jet resonance pair |L=4.6 ™. 7 Tev [1210.4526) PH00EERGE sgluon Mass (incl. kmit from 1410.2692)
Dirac ) - 'monojet’ + E | nee  |E*10.5157,8 TeV [ATLAS-CONF-2012-447) 704 Gev M* fcale {m, < B2 GeV, limit 01 < 687 GeV for ufsn
| L1 1111 ! I S A B l | L1 11 l L1 1
-1
10 1 10
*Only a selection of the available mass limits on new states or phenomena shown Mass scale [TeV]

All limits quoted are cbserved minus 1o theoretical signal cross section uncertainty. 44



Searches for other particles

ATLAS Exotics Searches* - 95% CL Lower Limits (Status: HCP 2012)

: , ’ | TTT7 L T TT1 T 1 b'l T
Large ED (ADD) : monojet + £, . |Es43ib" 7 TeV [1210.440" 4.37 TeV Mo(b 2)
Large ED (ADD) : monophoton + E, .. |[£=8816%7 eV [1209.4625) 19aTev| M, (5=2)
2. Large ED (ADD) : diphoton & dilepton, m._,, aTeVw M. (HLZ 5zNLO) ATLAS
S UED : diphoton + E, ae [1=48107.7 Tov [ATLAS.CONE-2012.07 .41 TeV Compact scaleR1 Frcimmary
= Sz, ED : dilepton, m,
o RS1 : diphoton & dilepton, m vy 1 223 Tev 0. 1)
S RS1 : ZZ resonance, m,, . h", 7 Tev [1203.07° Graviton mass (k/M ‘ 1) p
-t RS1: WW resonance, m, ., |ISi#is (1208288 23TeWl Graviton mass (K@, = 0.1) Ld’ =(1.0-13.0)fo
§ RS 9, —>tt (BR=0.925) : it — l+jels, mlboom = 7 1b”". 7 TeV IATLAS-CONF-2012-136] 9 TeV ~
w ADD BH (M IM,=3) : SS dimuon, N, .. |EEISTERTew 08 Wased M, fs=7 8TeV
ADD BH (M vf =3) : leptons + jets, Lp 1.0 b, 7 TeV (1204464 m 5)
Quantum black hole : dijet, Fl(ms =4.71b", 7 TeV [1210.17 Priev. M, (5=6)
qqqq contact interaction : ,((m ) 78TeV A
% qqll Cl : ee &y, m 1397TeV A (constructive int.)
uutt CI : SS dilepton + jets +E, . @
Z'(SSM) :m__., 249TeV 7' mass
Z' (SSM) :m.. |L=az ™ 77ev (1210.8604) 14Tev 7' mass
: W' (SSM) : mrel L=4.7 1b", 7 TeV [1209.4445) 255Tev. W' mass
> Wi(=1q,9 =1):m,  [iL=a7m"77ev(12006503) "mass
W', (— tb, S‘SM) M [t=10 17,7 Tev (1205.1016) 113Te¥ W' mass
W™ :im,,. |tsazmiareviizos 242Te¥. W' mass
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. Techni-hadron i . ee.u,n{ pJo, mass (m(p_J,) -m(n;) =M )
Techni-hadrons (LS . ' p. Mass (m(p ) = m(xT) +m,,.m(a)= 11 ,n(pT))
& Maijor. neutr. ( ixing) : 2-lep + jets N mass (m(W_) = 2 TeV)
< xing) : 2-lep + jets W, mass (m(N) < 1.4 TeV)
O ( I=1): SS ee (uu), m H* mass (limit at 398 GeV for uu)
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Summary & Conclusions

@ Neutral boson discovered last year
@ Overall production cross section compatible with
prediction for SM Higgs
= 1.304 0.13(stat) £+ 0.14(sys)
@ Mass of the new particle:
mu=125.5 + 0.2(stath o 6(Sys) GeV

@ First coupling measurements in agreement with SM
Higgs prediction

@ Dedicated spin and CP studies exclude alternative
models (0, 1*, 17, 2*) in favour of SM Higgs
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Couplings to Gauge Bosons and Fermions

@ 2 Fit parameters: RE Rt = Rp = K~

=
X
|

Y Y
@ Assumption: 4 4

@ only SM particles contribute to the total width

ATLAS Preliminary + SM
3 Vs=7TeV,|Ldt=4.6-4.8f" x Best fit

\s =8 TeV, |Ldt = 13-20.7 fo! —— 68% CL
== 95% CL
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Couplings to Gauge Bosons and Fermions

KE /Ry
Kyv = Ky :Ky/kn

>
T
a3

|

@ 2 Fit parameters:

@ No assumption on total width

ATLAS Preliminary + SM
\s=7TeV,|Ldt = 4.6-4.8f" * Bestfit
\s =8 TeV, JLdt = 13-20.7 o' —— 68% CL

---- 95% CL
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Symmetry of the W and Z coupllng

Rzgle = Ky "0l K
@ 3 Fit parameters: v — /iW//iZ
Apyz ek K

@ Again no assumption on total width

—
o
]

TATLAS Pfrellmmary ) Dy h ey rps]
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8
/
6
5
4l
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2
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CLs method

@ Test statistics Q as ratio of likelihoods:
0% Lpoiqsdatalsignal + background)

Lpoiqs(datalbackground)

@ Confidence level for signal+background
hypothesis

CLsip = P(Q > Qons|signal + background)
@ Consistency with background hypothesis

1 —CLy, = P(Q > Qops|background)
@ To avoid excluding low sensitivity regions define CLs
CLs = CL. 4B CE)
@ Signal hypothesis is excludes? att 9B Cls <005



Inclusion of systematic uncertainties

@ Systematic uncertainties included in the likelihood using
nuisance parameter (©) pdf's

L(data|u,0) = Poisson(datalu - s(6) + b(8)) - p(6]6)

@ Test statistics now defined after maximizing likelihood
with respect to nuisance parameters

L(datalu, éu)
L(datalfi, 0)

G &7 0< < pu

@ Ad hoc improvement of systematic uncertainties

@ Data can tell us the preferred value
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