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» ATLAS data taking in 2011

» Standard Model (SM) Higgs production and decay
» Recent Results for SM Higgs searches:
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» Associated (W—lv, Z—ll) production H— bb-bar
» SM Higgs combination

» MSSM Higgs searches



ATLAS DATA TAKING
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SM Higgs production at the LHC

Compiled by the LHC Higgs XS WG 2010
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Associated W,Z production

Process known at NNLO
Theoretical uncertainty O(5%)

g 70000 )
>_+__ o Gluon Fusion
g 0999999

Dominant process at the LHC known at
NNLO+NNLL

However large theoretical uncertainty O(15%)

_______ o Vector Boson Fusion

Process known at ~NNLO, theoretical uncertainty
O(5%)

Two forward jets and a rapidity gap

He Associated tt-bar production

Process known at NLO
Theoretical uncertainty O(15%)



Branching ratios

SM Higgs cross sections at the LHC
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* H—yy the best channel in this region: small BR but clean signature

 H—bb-bar dominant BR: huge background (therefore reduce it by asking W and Z
associated production , with leptonic decays of W and Z), but important for H to quark

couplings
)
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* H—11 good S/B, enhanced VBF



SM Higgs cross sections at the LHC
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« H-WWO: - [Uiv very important in the intermediate mass (also important for masses >120 GeV)
- lvgQ: highest rate important at high mass
e H—ZZ® : - 4] golden channel large S/B (also important for masses >130 GeV)

- llvv dominant channel at high mass 6

- llgq important for high mass but has also much larger background
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Status of the Higgs searches in ATLAS




Combined channels: SM Higgs exclusion limits
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95% CL limit on o/,

Individual channels contributions
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95% CL limit on o/,

Individual channels contributions

ATLAS-CONF-2011-135
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Individual channels contributions
ATLAS-CONF-2011-135
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 Intermediate Mass Range: H—->WW-—lvlv, H->ZZ—4l
* Very High Mass Range: 11



In the following, only the 4 dominant channels will be

e HH-WW—I|vlv
e H—-ZZ—lll
) H_)W

e H—>ZZ—llvv

For the other channels, the selection cuts will not be d
written)

discussed in details:

escribed (but are
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WW—|vlv ATLAS-CONF-2011-134

Selection cuts

2 opposite-sign leptons (e/y) with leading pT>25 GeV a nd subleading pT>20(15)GeV for
e(l).

* 2 leptons DF (different flavour) — m;>10 GeV

* 2 leptons SF (same flavour) — m;>15 GeV (to suppress bkg from Y,y*) and |[m;-m,|>15
GeV (to suppress background from 2)

. ET,relmiSS >40 (25) GeV if SF (DF) 2 leptons (to suppress bkg fro m QCD multijets and Drell-
Yan)

» 2 categories (H+0jet) and (H+1jet)

* (H+Qjet) : pT(IH)>30 GeV (to suppress background from Z+jets and WW)

o (H+1jet) : bjet veto (to suppress top background), pT  (tot)<30 GeV and Z —1t veto

» Upper bound on m | is applied depending on m |, (to suppress top and WW background)
» Change of the selection at 220 GeV.
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WW—=l|vlv

« WW, tt-bar, single top, Z /y*+jets, diboson (WZ,ZZ Wy): from MC corrected by scale

factors derived from control samples

*\W+jets: from data using loosened identification and isolation
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criteria

M, for H -WW—lvlv + 0/1 jet

A, for H -WW—lvlv + 0/1 jet

15



Dominant systematic uncertainties: JES, E ™SS measurement (on signal +6.1%)
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ZZ—4| event displays

XPERIMENT g

Run Number: 183216, Event Number: 75692579

Date: 2011-06-07 21:52:11 EDT
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« Golden Channel » ZZ)—A4| (4e, 4y, 2e2))  arXivi1109.5945v1 [hep-ex]

Search for a narrow resonance over a continuum. Analys

Trigger: e (pT>20-22GeV) / u (pT>18GeV)

2 SF opposite sign isolated lepton pairs with
pT>7GeV. At least 2 leptons with pT>20GeV.
Lepton pair mass cut: [m ;,-m,|<15GeV,
M-hreshold (M4)<M3,<115GeV

Requirements on impact parameter for
m,<190GeV (rejects Zbb-bar and tt-bar)

« ZZ(): from MC theoretical uncertainty (15%)

e tt-bar: from MC theory normalization
uncertainty (10%), test on data with opposite
sign e/u pairs.

» Z+jets: normalized using data (control
sample regions) uncertainties 20-40%

Events/10 GeV

is performed between 110-600 GeV
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Background ATLAS
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FWHM (full width at half maximum)

for m ,=130GeV~4.5(4p) to
6.5(4e) GeV
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ATLAS-CONF-2011-148

* Best channel at high mass (analysis ZZ—llvv -

includes contribution from
H—-WW-—lvlv)
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401 .
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are rejected (to reduce top bkg) 3 . ™ Top E

= R I O ZZ,WZ,WW
g) C A 7
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Z7Z—llvv -

Dominant systematic uncertainties: JES (+5.9-4.0% on expected signal) , b-tagging efficiency.

& gf' ATLAS Preliminary = —— Observed
B - -
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No excess is observed! A SM Higgs boson is excluded at 95 %CL in the mass
range 310- 470 GeV.
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ZZ—llgq

e 2 on-shell Z's (if m >2m,)
- isolated leptons pT>20 GeV with [m -m,|<15GeV >
: : : O
-2 jets pT>25 GeV with 70 <m ;<105 GeV and m constrained 0
to Z mass >
- For mH>300 GeV: Ad,;<90°& 2 jets pT>45 GeV S
LU

« E{Miss <50GeV (to reduce bkg from tt-bar)

» Categories: 2b-tagged jets and untagged jets (less
than 2b tags)

» Z+jets: shape from MC and

normalization from data using sidebands
40<m;<70 GeV or 105 <m ;<150 GeV

 top: shape from MC and normalization
from data using sidebands 60<m;<76 GeV
or 106<m ;<150 GeV

e ZZ. WZ, N+jets: from MC

» QCD multijet : using data sample with
loosened electron selection (p-channel
negligible)

Events / 25 GeV

ATLAS-CONF-2011-150
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160 [ | (Signal X 18 " -
C H m =400 Ge ]
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40 =
200 ]
C — e e e e SRR y (&0 08
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L g o SRR LU IR
4= ATLAS Preliminary . dataJLdt=2.05 6
3_53_ [ Signal (m, =400 GeV) _f
c — Total Back d 3
3k Tagged — Zota ackgroun E
- — Top .
255_ —— Diboson _E
= Signal*1 3
: iz R RV E
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zZ—lgq NG

Dominant systematic uncertainties: JES (+3.7-10.4% o0  n expected signal), b-tagging
efficiency, Z+jets normalization

& 205 ATLAS Preliminary =~ —— Observed -
© _

< 18 ILdt=2.05fb'1, Js=7TeV - Expected

O 12

2

S 10

8

200 250 300 350 400 450 500 550 600
m, [GeV]

o N A~ O

Observed limit, SM-like Higgs boson with a production r ate of 1.2 to 12 SM
cross section is excluded at 95%CL. Expected limit 1.7t 0 6.7 SM cross section.
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e Largest 0*BR
e 2 on-shell W’'s (if m >2m,,)
Trigger: e (pT>20GeV) / u (pT>18GeV)

Exactly one reconstructed isolated lepton (e/p) with
pT>30 GeV

E,miss >30 GeV

Exactly 2 jets (H+0jet) or 3 jets (H+1jet) with pT>2 5
GeV and the closest mass to W of the jet pair has to
satistfy 71<m ;<91 GeV

m(lv)=m(W)

» Events with one or more b-tagged jets are
rejected (to reduce top bkg)

o W+ijets: from MC

e Z+jets, tt -bar, diboson : from MC

» QCD multijet : using data sample with
loosened electron selection (p-channel
negligible)

WW—lvj|

arXiv:1109.3615v1 [hep-ex]
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T F Holvgq+0/1jet top .
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O — '-.1'.1-.- o1 g Lo ]
102§_ -q---ﬂ---ﬂ__-h-- oo
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II|II\III\\III\IIII
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M(lv qq)[GeV]
Observed 41687
Expected Bkg 42600+1200
c .
xpected Sig 58115
(mH=400GeV)
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WW—lvj|

A double exponential is used to fit the data (backgrou nd model).

Dominant systematic uncertainties: JES (17% on expec  ted signal), theory (19.4%),
jet energy resolution (8.6% on signal)

T [ L I T ‘ T 1T ‘ LI L | LI L ‘ T T ‘ T I T | T T I LI ]

= L i

E 100 —e— Data (bg fit subtracted) ]
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‘s 50 ]

° T ATLAS

|| —e— s ? $+ ]

0_ R )r Wﬁf oy | _+_ l J LAL_*_ d —*—‘—‘rj

Rall e | |

- \s= 7TeV—

-50 - ]
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. H+0/1 j, Ho WW—> Iv ” .

-100 _-\ L1 I 111 | ‘ 11 1 | ‘ L1 1 1 | 1111 ‘ Il
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[GeV]

My, qq

The difference between the mass
distribution in data and the fitted bkg
— no indication of any significant excess

95% CL limit on o/c(SM)
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------- Expected
\s=7 TeV - + 1o
*+ 20
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The upper limit at mH=400GeV is 2.7

SM cross section. The expected limit

for this mass is around 5 SM cross
section.
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arXiv:1108.5895v1 [hep-ex]
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Selection cuts
 Trigger: 2 y (pT>20GeV)

-4 Total error

= 200 L L B L L B B BN
* pT(y,)>40 GeV & pT(Yy,)>25 GeV ' -
PT(y1) PT(y2) § - ATLAS o Dot 01
* IN|<1.37 & 1.52<|n|<2.37 = + Ns=7TeV, [Ldt=1.08f" [_J7Y
« 2 tight isolated photons required 5 1501 ; EI’ HY
Z -
« 5 categories ( n bins and © - T ] gY_ -
converted/unconverted) 100/~ —= Statistical arror

Main Backgrounds 50

Illllllllllllillll

e irreducible bkg yy E

160
m,, [GeV]

e reducible:

- one or more jets misidentified as
photons

The purity is about 72%

- Drell-Yan: electrons misidentified as
photons
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H—vyy
Mass Reconstruction:
2
m, =2E/E; (1-cosay,)

A pointing method  (using the first two samplings of
the LAr calorimeter , or the first sampling and the

conversion point for converted photons) IS used to
determine the vertex position — Its resolution is
~1.6 cm (unconverted photons)

;‘0-12_"'|"'|"'|"'|"‘" AL B B AL BN

8, C ATLAS Preliminary — Photon Pointing ]

o 0.1— ]

s C (Simulation) ~PVEpE

» 0.08f —

o -

= C <p>~5

W 0.06 -
0.04f .
0.02f -

: ST

lochracare®®® 11
910 112 114 116 118 120 122 1

Y N
24 126 128 130
M,y [GeV]

Less tail with pointing (robust with
pile-up increasing) improvement of
~10%

>O12 L L L e e % 450_""]' LI N B e B B B B B B B B B B
0] . . E
0] ATLAS Simulation O] = e _ _ -1 =
o o1l Hovy, m =120 GeV o 400E Is=7TeV, | Ldt=1.08 fb
S : — Fit S 350 Inclusive diphoton sample =
= r 2 & ®  Data2011
g 0.08 jo-""' 1 . 7 1 G eV ] g 300 B:::T(ground exp. fit -
e C > F Uiy | e Bkg + MC signal m_ = 120 GeV, 5xSM 3
% L W 250k
> 0.06— — E
- 200;—
0.04[~ . 150
0.021 - 100F-
C " o] S0E- ATLAS E
P R B R S =
%5 100 105 110 115 120 125 130 135m71y‘{%e\1/?5 900 110 120 130 740 50 160
m,, [GeV]

Signal Model : Crystal-Ball +
gaussian from MC sample

28



H—yy

Dominant Systematic uncertainties: energy resolution ( 12%) and photon ID efficiency(10%)

—J 16 AREDREARRRERARENNEE T

Cg - — Observed CL limit .

S 140 e Expected CL_ limit 7

g) of Mtio ATLAS H-yy .

= - + 26 Data 2011, \s =7 TeV ]

O 10 1 .

E T Ldt=1.08 fb ]

T8

E L

o 6l

m

X

© 4 :
2~ =
O:I 1 1 1 1 | 1 1 1 | 1 1 1 1 | 11 1 1 ‘ 1 1 1 1 ‘ 1 1 1 1 | 1 1 1 1 | 11 1 1 ]:
110 115 120 125 130 135 140 145 150

No significant excess observed.
Observed exclusion at 95%CL between 2 and 5.8 SM cross section.

The variation of the observed limit around the expecte d limit is 29
consistent with the expected statistical fluctuations.



H—TT

ATLAS-CONF-2011-133 ATLAS-CONF-2011-135

Main challenge: 1t mass reconstruction technique
o [l analysis: collinear approximation assumes a strict

collinearity of the visible and invisible T decay products.

v Puis1.2 . Myis
- 1-:-2 = T = f
(pW'Sl,Z + Pmisl,Z) VX1X2

 In: MMC (missing mass calculator) new mass reconstruction technique

A more sophisticated version of the collinear approxi mation (described in details
in ATLAS-CONF-2011-132) .

A gain in acceptance (also in resolution) is reached wi th this new method.

30



H-tt—ll+4v

Selection cuts

Trigger: 2e (pT>12GeV)/ 1u (pT>18GeV)/eu (1e
pTe>20GeV)

2 isolated leptons with 30<m [ <75GeV for same
flavour (SF) (to reduce Z —ll) and 30<m ;;<100GeV
for different flavour (DF)

At least one jet with pT>40GeV (enhances VBF
and useful for collinear approximation)

E,Miss >30GeV for SF and E {Ms$>20GeV for DF

Mass reconstructed with  collinear approximation

Main Backgrounds

o ZIy*(=l'1)+jets estimated with the 7embedding
method from Z —p*u data

e tt-bar, singlet, Z —Il*lI" and EW diboson : from MC

« fake leptons: normalisation and shape from a
data-driven template method

ATLAS-CONF-2011-133

ATLAS Preliminary -e-—paa

> - .
* diboson B
o 40; J L=1.06 fb1 - single top 7:
(=) C ]
A 350 Bl vesies -
""-m-... C - Z—eeuu+ets ]
E 30 :— - Z—1r4jels _:
G>J C —— - 30x H(120)— 1011 GG |
L ol e e — 30x H(120)— o1l VBF]
C D fake lepions ]
20 :_ MC stat+fake uncert. _:
151 =
10 =
5t =
VSRR - -
0 50 100 150 200 250 300 350 400
m.. [GeV]
ee + uu + eu

Zly* - thr 254 +£2.7

Ziy* — 0 (f=e ) 3 1.2

i 132 £2.2

Single-t 1.2 +0.5 EXpeCted
Di-boson 1.6 £0.6 47.4+3.9

Backgrounds with fake Leptons 22+09

Total Background expectation 474+£39 Observed 46

Observed data 46

SM signal g9 — H VBF Slgnal 1ZOGeV
my =110GeV  0.39+0.06 0.35+0.02

my = 115GeV 039+ 0.06__0.35 +0.02 0.82
my = 120 GeV Q.44 = 0.05  0.38 = 0. 31
my = 130 GeV  0.40 £ 0.04  0.33 +0.01
my =140 GeV  0.21 £0.02  0.19 £0.01




H—>T'[—>I'[h ad +3vV ATLAS-CONF-2011-135

Selection cuts
One electron (muon) pT>25(20) GeV and

one T4 PT>20 GeV and E M >20 GeV > - L R R S R
o 350 Data 2011,\'s =7 TeV, J- Ldt = 1.06 fb"
The transverse mass of the lepton and 2 200b o E
missing energy of the system is required }é? - ATLAS Preliminary ]
to be smaller than 30 GeV (suppresses 2 2501 —4— Data -
W(—Iv)+jet) 200 I =120 GeV. 12xsM
Mass reconstructed with  MMC 150% [ ] Total background —
100% H-1, é
Main Backgrounds 501 F
| | oEae N VO

« ZIy*—>T1'T: estimated with the rembedding 0 50 100 150 200 250 300 350 400
method from Z->u *u- data m.. [GeV]

» Other _: estimated using same sign events and in
part using the MC for the difference between the
number of opposite signe and same sign events.
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H —TT ATLAS-CONF-2011-135

Main Systematic Uncertainties: JES, E ™SS Reconstruction (uncertainty on signal +19-16%)

and theory.
311 00:| T | T 1T T | L | T T 17T | LI | LI | T |: 02311 00:| T | T T T | L | T T 171 | T T 171 | LI | T |:
Y gop Hom ATLAS Preliminary 3§ © gnf Hom ATLAS Preliminary
o - = Observed CLs . © - —— Observed CLs .
c 80F e Expected CLs = c 80 ... Expected CLs E
S - —— Observed Il only ] _S - N .
é 0] Sp— Expected Il only - é 70 t2c =
= - —e— Observed Ih only 1 = - B 1o .
3 60:_ ------- Expected Ih only E _j 60 = E
@) - ; ] @) C -
32 50; (s=7TeV, I Ldt=1.06fb" 7 8 50; (s=7TeV, J Ldt=1.06 fb" .
3 40F 4 o 40- -
30- ) E 30- E
20 - 20 E
10f I
O:' |: 0 :I |:
m,, [GeV] my, [GeV]

No excess is seen. Combined exclusion limits of the ord er of 10 to 20
times the SM cross section. H —tt1—lT1,,4+3V is significantly more sensitive

than the H -t1—=l1+4V. o



Selection cuts

ZH—IlIbb-bar

e Identify Z:
Trigger: - e (pT>20GeV)/ 1 (pT>18GeV)
- 2e/2u pT>12GeV
2 leptons pT>25GeV
76<mll<106GeV
» 2 b-tagged leading jets (reject Z+jets)
« E;Miss<50GeV (reject tt-bar)
» Search range 110-130 GeV

Entries / 10 GeV

Main Backgrounds

oZ+jets: Shape from MC and normalization
from sideband (m ,,<80GeV and
140<m,,<250GeV)

eDiboson Z2Z WZ: from MC

*Top quark: from MC

*QCD multijet : e-channel from data by
reverting electron quality cuts and p-
channel neglected

ATLAS-CONF-2011-103

45t ATLAS Preliminary ' o gaa =~ 3
405 J L dt=1.04 fb" ] {Snligﬁluﬁjﬂgew_;
355 — Total BG =
305 i,
25F — Diboson =
20E =
155 =
10E

5E- =

Sk

100

150

TR T I
200

50 250
m, [GeV]
expected
Source events (stat.) (sys.)
Z+jets 261.0 = 78 + 246
Top-quark 520 = 13 == 106
Multijet 14 = 04 = 1.4
Z7Z 92 =+ 1.1 + 23
WZ 11 + 03 =+ 03
Total background 3247 = 80 = 279
Data 329
Signalmy = 110GeV | 222 =+ 009 =+ 043
Signalmg =115GeV | 191 =+ 0.07 =+ 038
Signalmg = 120GeV | 1.58 =+ 0.06 == 0.32 1
Signalmyg =125GeV | 144 =+ 005 = 0.28
Signalmy = 130GeV | 102 =+ 004 <+ 020




Selection cuts

* Identify W:

Trigger: e (pT>20GeV)/ 1 (pT>18GeV)
1 lepton pT>25GeV

M;>40GeV

E miss>25GeV

» Exactly 2 jets (to reduce top background
from tt-bar —-bW(—Iv) b-barw(—qq) )

» These jets have to be b-tagged (to reduce
W+jets)

Main Backgrounds

*Top quark: Shape from MC and
normalization from sideband
(40<m,,<80GeV and 140<m,,<250GeV)

*W-+jets: Shape from untagged m j in data
and normalization from sideband (same as

top)

«Z+jets: Shape from MC and normalization like
ZH analysis

Diboson WW,WZ: from MC

*QCD multijet : from data by reverting isolation
cuts

Entries/ 10 GeV

WH—Ivbb-bar

ATLAS-CONF-2011-103

220
200
180
160
140
120
100
80
60
40
20

A
I L dt=1.04 fb”

+

TLAS Preliminary

T T T T I T T T T
® data

I Signal = 20
I:.I'I"IH=1 15 G‘E\lll]

l:P

50 100 150 200 250
m, [GeV]
expected
Source events (stat.) (sys.)
Z+jets 544 =+ 39 =+ 123
W+jets 466.7 = 1.4 == 665
Top-quark 1141.8 + 88 + 78.0
Multijet 1930 + 94 + 965
WZ 16.1 + 22 =+ 34
Ww 4.8 + 1.1 + 1.4
Total background 1876.8 + 137 =+ 1472
Data 1888
Signal my = 110GeV | 672 + 031 =+ 120
Signal myg = 115GeV | 525 <+ 030 =+ 097
Signal myp = 120GeV | 454 <+ 025 <+ 083
Signal my = 125 GeV 4.08 += 021 + 077
Signal mpy = 130 GeV | 328 + 017 =+ 062




Osm
N
o

95% C.L. limit on o/c
o © 9
=) =] =)

B
o

N
o

| —e— Observed (CLs) 4

. Expec‘led (CLs) J Ldt=1.04 fb N E:? TeV

- T+ 1o

[ 1+2 VH, H— bb

B ATLAS Preliminary

B | | | | | | | 1 | | | | | | | | |
110 115 120 125 130

Higgs mass [GeV]

ATLAS-CONF-2011-103

Dominant Systematic uncertainties: b-tagging
efficiency (on signal efficiency +37-33%) and jet
energy scale (on signal efficiency +21-17%)

>

G 160 ATLAS Preliminary -
2 140 —-Data

3 IV\_fW

© 120 Mt

) W W+jets

100 + +

_[ L dt=0.61fb"

50 100 150 200

Jet Mass [GeV]
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ATLAS SM Higgs Combination

H— 1th1 H— Ww®) H — 7ZZ%)
H—yy H—sbb (viy

odEt 1581 Leet vy llqq

T¢Thad TeTe+ Jet

< (v~ 01d - - 1.08 1.04 1.04 1.04-1.21 1.04 1.04

Z (tb")New  1.06 1.06 1.08 1.04 1.4 1.96-2.28 1.04 1.04

Analysis Opt. No No No No Yes No No No

Most of the signal-related systematic uncertainties ar e correlated. The background-related systematic

uncertainties are typically uncorrelated ( in particul ar when estimated from data control samples )

> E T T T T E (R ASEARER AR REESY: | BARB2E3AS LARRI > Z 20 3
& 4o Data 20118 -7 TeV, | Lot~ 1.08 5] a2 4 Danazcl".:.\ﬁ-7TeVl| ldi-1oeozat’ g 4 Daxazu-n.-ﬁ-ﬂe\.'} Ldt= 17010 & o Dats 2011,J5=7 TV, | Lt 170 10" 3
o E ] = : / o 2 -
5 O ATLAS Freliminay —{ces T B ATLASPmimmay 4, S 3SE ATLASPriminay = ——Da= ; 16E ATLASFreliminay ~ —— DR E
2 i W E =
2 00 [l e e, e 5 [ 220 Gev. tesi 5 3 Il -5 Gey, 1 § 14 Il e G, tesmd
- E 4 E i d oy 3
250E o [E] Total background a5 = [ ozt ackgraua [ Totet bactgrauna
= ~. E 10 E
i ) 20 :
W
2005 4 Il 7 Wb+ a He Wb+ 1jet
150 E 6|
E 2 | 10 4
ToaE 4 J 5 2
e o e i 0 U S| pECEED A {7 5o S oE et B -+ a
T 100 iE 130 140 150 180 20 150 200 250 300 350 400 450 500 550 BOD B0 B0 100 120 140 160 180 200 220 240 B0 80 100 120 140 160 180 200 220 240
i G =2 . i
(a) My [Ge] i g [G2V] @ my [GeV] (b) mr [GV]
3 __FT T T T 3 = ET BT E 2 afT T T T T T =~ Sp T T T T T
g 2501 Dmaznu.dEJTe\.'._[ Lt — 104 & g LF Da:az:}ﬂ.\.’E—7le\‘.-! Ldt- 1.0¢ & 3 é L‘a:azli.ﬁ-?'le\."_' Lit-1.04 " E 45E Data 2011457 TeV, | Ldt= 1.00 1"
T _..F ATLASPreliminary osts D [ ATLAS Praliminary Data o =UF ATLAS Preliminary ™ 4] irmi =
5 ;b T 1 2 - ] 3 7 o 3 5 ATLAS Praliminary o
3 E 120 0, 0050 E 120 v, 2mmm ] = 3
o E + .'" z E .m’ E S [l s s sEm 2 [l o cev. sieu
e [ s b [ e 2 o
E E B I:l'mr.aun-.uid
100f + WH, Hebb E ZH, H-tb 8
El 20|
H E HesZZ— ligy
S0 10
o 00 150 00 250 — 00 150 200 20 = Gt
;- s ? s 200 500 400 500 600 700 80D BOO
@ m [GeV] ) g (2] el
(c) ™
z E LBRAR RS AARSS AR A R A z F e AT ASS AT
o I = 2011.\1?-7T9V.J Ldf- 10610 g s Data 2011,¥5-7 TeV, | Ldt- 1.06 L 3 S a0 SR R L A
B f 2 E J =] E Eans2011.JE-7Te\.f.| Lat- 1.04 f5
= e ATLAS Prefiminary =~ £ ATLAS Preliminasy A - = =
= E E 4ob 3 F ATLAS Prefiminary 4 e
5 zsofF 3 5 E E
d E - e & E —+ D 5 o
z00fF Bl 120 Ge, 1Sk G Il 120 G, 30580 4 =sp
ok I N 3 . e ATL-CONF-2011-135
100 E Hoanpret] 3
ik + i E HesZZ 4 I
s0E F g N + 10E
o E st sk
S0 100, 150 200 250 300 350 400 50 100 150 20D 250 300 350 400
© e [CaV] 0 . [CEV] %900 200 300 400 S00 B0 700 SO0 BDO

m; [Bal]
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ATLAS SM Higgs Combination

(L ATLAS Preliminary
107 \\jfffhaL =
R s S — [P J26 pO: probability that a bakground only
10 : - - experiment is more signal-like than the
g8 T mm——m— E o observed one.
104 E
f ------ LEE EECEPEETERE 6 B -------- a ----------------------------- ; 46
10—5? — serve ~ s
g sExpecied Ldt=1.0-2.3 105
10% s=7TeV
4, PP R——— &® P ATLAS Prolfminary ]
10" 900 200 300 90 500 600 1e reliminary E
my, [GeV] coo ]
107 E
02k o T
The most extreme value of the pO which is P Yo ?
observed at 144 GeV (due to the small 4§ ‘ ! g
excess in the WW —lvlv channel and one B S
i * i 5[ —— Observed ]
event observed in the ZZ* — 4l analysis) 10°F" e J Ldt=10231%" =
has a significance of 2 o 105k s =7 TeV 3
R

107700 120 140 160 180 200 220 240
m, [GeV]

N
QA

w
Q

n
Q



95% CL Limit on /o,
o

ATLAS SM Higgs Combination:
Combined channels

© ATLAS Preliminary ~ ClsLimits -
i — Observed ]
---- Expected »
= m-io ch_1.0-2.3fb_:
H 126 \s=7TeV a

| | | | 1 | | | | 1 | 1 | | | | 1 | 1 | | | |
200 300 400 500 600
m, [GeV]
Excluded at 95% CL mass regions

146 to 232, 256 to 282 and 296 to 466 GeV 40




MSSM Higgs Searches
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MSSM H/A/h—TT ATL-CONF-2011-132

* One of the most promising channel
» Production: gg —A/H/h and associated bbA/H/h

- epdv: one isolated electron pT>22 GeV(15), muon
pT>10 GeV(20) if event triggered by the e () trigger
and E™ss. Mass reconstruction m ., effective.

- e/pt,,43Vv: Exactly one isolated e(u) with
pT>25(20)GeV and one oppositely-charged T4
candidate pT>20 GeV and E {™ss >20GeV. Veto on
Z— Il with loose lepton ID cuts. Missing Mass
Calculator (MMC) m ..

- ThaqThag2V: Exactly 2 oppositely charged 1,4
(pT>45,30GeV) and E {Mss >25GeV. Mass
reconstruction m ., visible.

ZIy*, W+|ets, top quark, EW diboson  are dominant

bkg for epand | T1,,4. QCD jet processes are dominant

bkg in the T,,4Thag final state.

::. :I TTT I rTTT | TTTT I TTTT | TTTT TTTT TTTT TTT I:
5 400; ©Tpeg + 1T, _, channels _f
o 2 —4— Data 2011 ]
- 350F - A(120)H/h—szr, tanp=20 ]
e C EEE Zv(—1) emb.(0S-SS) 3
t = Others{0S-55) -
) 300:_ 5 W-+jets (0S-SS) B
Lﬁ E " Same Sign .
250:— ZZZ7 stat. B
280 \S = 7TeV, [ L=1.06f" 1
150 ) =
- ATLAS Preliminary 3
100 =
50F ' -
c (RN | o el I"ﬁ | _”:_=u._.-.n.._...._. i ¥idal- 1aia =

50 100 150 200 250 300 350 400

MMC m,. [GeV]

Final state Exp. Background Data

el (2.6 +0.2)x 10° 2472
(Thad 2.1+04)x 10° 1913
Thad Thad 233 5 245
Sum (4.9 +0.6)x 10° 4630

Systematic uncerntainties included
42



tanp

Dominant systematic uncertainties: energy scales and r

for e/l Taq/Thad Thad)

MSSM H/A/h -1t

esolution (1/+30-23/+9-8%

60 T T T [ T T T T [ TR T [T T T T[T T T T[T T T[T 17 @_60_""""""|""'..""""'
- Allchannels 7/ ymax |50 ‘ L, < [ All channels ‘
- ho y + - == Observed CLs
50_ __ EmEmEm
40 -
[ E
30)- 44 —
1 ]
B e =@= Observed (hhonly) |
T\- =@= Observed (honly) |
20 \ .'-. y =@= Observed (emu only) _| mhma", I.L'.‘-‘-'U
) ‘. =@=— Observed CLs s
A Expericd (honty) s=7TeV ILm 1.06 fb!
| asa=s Ex| d (Ih . = , =1.
10/ /s =7 TeV, det = 1.06 10" 17T e tamieny ] 10
..... Expected GL imi
” ATLAS Preliminary DLEF;m ° ] ATLAS Preliminary
O | ] | 15 e | | Lol | s | Lol 1] ‘ o o ‘ L |_ 0 ]Jl.l.l..| .|.|.l|-[ |.|.|.|..| | .| .|. |. | |..|.|.|.| | J.|.|.|..| .|.|.

100 150 200 250 300 350 400 450

m, [GeV]

The I, final state provides the most stringent limit. The ep a

final states lead to improvements of the exclusion li

Higgs boson masses resp.

No significant excess is observed in any of the final st

100 150 200 250 300 350 400 450

m, [GeV]

Nd TpagThad

mits for small and high

ates. 43



H+_)'[had++\) ATLAS-CONF-2011-138

. > 25—\ 1T | T T T | LI ‘ T T ‘ T 1T | 1T T T

> [ ]

Selection cuts O | ATLAS Preliminary Da‘”“?‘?d ]

* T jet with pT>35 GeV. Events with a second identified N ool -j;:?';'isi -

T jet pT>20GeV, an electron pT>20 GeV or a muon 2 i e - ]

pT>10GeV are vetoed s | =T Pl Mutiers i

w15~ ) ' R B

« E;Mss >40 GeV. Events with large E ;™ss due to the C |, tmH(30,B=01

limited resolution of the energy measurement are i i i 7o Hvbackground 4

reject with the cut: E s / (0.5VZE,) > 8 GeV?2 1054 | L]

_ _ [ i I Ldt=1.03f" ]

At least one b-tagged jet required i | i

5P ]

Main Backgrounds : ]
e true T jets: embedding method (from Z —pu*u data) % 80 100 150 200 250 300

« multi -jet: shape from sideband region and fitting it to data my [GeV]

« jet—1 misidentification __: with intrinsic E ™SS and with p#jets control samples

» e—T misidentification : from Z/ y*—ee control samples

Events with/from
true 7 jets ‘ jet — 7 mis-id ‘ e — T mis-id ‘ multi-jet || expected (sum) | data

mt > 40 GeV 21 &9 ‘ 24+£0.7 ‘ 1.9+0.2 ‘ 12 x5 SFx7 43
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HY* =14 1V

Dominant systematic uncertainties: jet energy scale (2 .5-14%) and resolution (10-30%)

,—..,0 22__I T |AI7.ILIA§ IF)I Il-l |.I T T T | T T 177 T 177 T 17T T 177 T I__ CQ__ :I T Ir;’frl]a!xl T T | T T 1 | UL | LI | T 1 T 1 | T T 1 I:
= V. E3 — — L .. —
; 0.2 - = = 602 h Expected Limit ATLAS Preliminary -
= = - L ]
@ = = - - I Expected+ 1o ]
T 0.18) Data 2011 f . = 501 Expacted: 1o 4 E
ﬁ 0.16F [ Expected Limit - o, Spseectimit / .
S0.14F [ Expected £ 16 — 40 :— theor. uncertainties / _:
& 0.1 Qf_ Expected + 20 _f C ]
I o4E —e= Observed Limit 7 30 —
EO 085— DO Observed _E B .
o OO E 20 =
3 0.06:— p= - ]
Q0.04F- = 100 4
2 E — E - Data 2011 | Ldt=1.03fb" —
g 002:_ L] = - ]
oot b b b b bv v T L ol v v v v bvv v v v v v v vy by by 1

2 90 100 110 120 130 140 150 160 0 90 100 110 120 130 140 150 160
m,. [GeV] m,. [GeV]

Values of BR(t —bH*) * BR(H*—T1,_4+V) larger than 0.03-0.10 are
excluded in the H *mass range 90-160 GeV.

In the context of m ,™& values of tan  above 22-30 are
excluded in the H * mass range 90-140 GeV.
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Conclusions and Perspectives

s range 110-600

* No significant excess was observed in ATLAS for the mas

GeV.

» Mass excluded for SM Higgs boson: 146 to 232, 256 to 282 and 296 to 466 GeV

* A 95% CL exclusion for the whole mass range could be a
ATLAS-CMS results for an integrated luminosity of abou

chieved by combining

t4-5fb-1.

—_
[

Significance, ¢

2012 (with hopefully additional
15 to 20 fb -1) should hopefully
bring more answers!
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Combination ATLAS+CMS

% ATLAS + CMS Preliminary, \'s = 7 TeV [—a— Observed
o _ i .
B L. = 1.0-2.3 fb” /experiment === Expected £ 1o

g 10 ——--—- Expected + 2¢
£
—
O
X
Ty
o)

1D—1 1 1 111 1 1 1 [ [ [ Y [ )y Iy | (I |

100 200 300 400 500 600
Higgs boson mass (GeV/c?)

Observed data are compatible with the background-only hypothesis
SM Higgs boson is excluded at 95%CL or higher in the mas s range 141- 476 GeV.
The region from 146 to 443 GeV is excluded at 99%CL, exce pt three small regions
between 220 and 320 GeV



Thank you for your attention!
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Backup Slides
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Entries / 10 GeV

Data/ MC

WW—=l|vlv

45EATLAS Preliminary  » 'alt'a'#iﬂ;gﬁsﬁll = % 185 "ATLAS Preliminary s Dt 2 SMigsesa |
- — — WZZZW, 5]
40§ 'E TEV Ldt=170 ﬂ} E :va E Single TI:III: g (= 155 \.E = .?TE\III-I- Ldt=1.70 fb E ?:w E Singla Tupr E
3SE- H-WW-hvlv + 0 jets B Z+jets [ W-+jets (data driven/—] . 14 H-WW—skelv + 1 jet [ Z+iets[] W+iets (data driveni—]
= H Gav = C ]
30E- [] HIt50 GaV] = '395_ 19E [ H (150 GaV] =
20F- e + = 8F- =
152_ s "'i?’ _ _z E:_ _:
- . + E e -
5 | EEES = 2F =
2:_“”'”'”"”“”“' g I_: O 2T T T T T T T T T =
1.5F T } { 3 = el : ' E
15 * l } -[ » E % 15 i E
E } T I l “ E = E . 1 s 7 l E

b Y DA 0.5k =
ED EO 100 12{} 140 16{} 180 EGD 220 240 60 SD 100 120 140 16{} 18{} 20{} 220 Edﬂ
M, [GeV] M, [GeV]

M; for H -WW—lvlv + 0/1 jet
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Collinear Approximation

E, =P, -cos(6)-cos(g,)+ P,, cos(6,)-cos(p,)
E, =P, -cos(0)-sin(g) + P,, - cos(8,) - sin(g,)

MMC

ET_-,-; = Pmis, SIN Emiﬂ; COS Pmis, + Pmis, SN emiﬂg COS Pmis,
El‘ y — Pmis, sin gmim sin ¢m15; + Pmis, sin Hmiﬁ-_: sin @mis,

= -2. L | L ¥
ﬂ'ﬁ — mmlﬁ] + mf'ia: 2 o 2\/th1 + mfrisq \/plﬁliﬁj + mfnisl
_Epvimpm'is; mﬂﬂum;

M2 = mly, +miy, +24/D%, + M2\ [P, + i,
~2Pyis, Pmis, €08 A,
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