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Recent search for the Higgs boson
by the Atlas experiment
with 2011 data

Abstract :

Atlas experiment recorded up to 4.9 fb! of data in 2011 at an energy in the
center of mass of 7 TeV. Recent searches for Higgs boson in scenario of
Sandard Model are reported.

Disclaimer : Focus mainly on three channels: H>yy, H>4l, H>OWW) 2|y |v
and combination ; remaining channels in backup
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Constraints on Higgs mass

High mass constraints
e Unitarity (scattering W, W,) mMy<700 GeV
« Trividity (.(Q)) m,<750 GeV

L ow mass constraints m,>139 GeV (m=178.1 GeV) (A=10% GeV)
e vacuum stability A(m)>0 | m >74 GeV (A=1TeV)

Experimental constraints
o LEPdirect search: Tevatron direct seearch :
m,>114.4 GeV (95% CL) [156 ; 177 GeV] excluded
e indirect search : global analysis electroweak observ
'm,=125*8 ., GeV (68 % CL) %
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> Gfitter : LEP2, SLD, Tevatron and LHC 1:2
(only 40 pb! of LHC) - :

6
4
2
=




SM Higgs production

e SM Higgsproduction &,

-gg fusion domi nant‘ q,>“°+ };}}---”L
-VBF : T with m,, st .

-Associated production : Wiz H, ttH

e 7TeV a Yellow booK : arxiv:1101.0593 [hep-ph]

1 -ggH NNLO, NNLL, NLO EW

; uncert. : *1°, % (pdf & scale separated)
1 -VBF NLO; uncert.: 5%

: -WH NNLO; uncert. : 5%

| -ZH NNLO; uncert.: 5%

-ttH NLO,5%

100 200 300 400 500 ____ 1000
M, [GeV]



H decays roughly to heaviest

e SM Higgs decay
-H->vy : low BR/clean
-H->WW dominant

-H>Z77

Br(W->Iv) : 0.33

Br(W->jj) : 0.67
Br(Z->1l): 0.1
Br(Z->vv): 0.2
Br(Z->jj) : 0.7

o Complementary decays:
explore Higgs couplings

Decays and channels (SM)

particle available in phase space

o x BR [pb]

Branching ratios

wf

\'s = 7TeV

L1 1ulll L1 11l
LHC HIGGS XS WG 2011

M, [GeV]



LHC

2011 campaign

« =277 km circonference, -100 m undelr ground

« proton proton,\Ns=14 TeV(=>7 TeV)

e B=8,33T (2~4.16T)

« ~ 2800 bunches of protons (1 bunch = 10 p)-> 1380 bunches; 1.5 10 p
o collisions each 25 ns (=50 ns)

4 experiments :
-ATLAS, -CMS : general purpose
-LHCb : flavour physics, CP violation

-ALICE : quarks/gluons plasma
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Pb-L Ar accordion, longitudinal segmentation
ely separation
o(E)/E~10 %/NE @ 0.7 %

__4am

|Inner Detector (In|<2.5, B=2T) 1 B EM Calorimeter (In|<3.2)
Sl pixels, strips, Transition Radiation Tracker

Tracking, vertexing, e/nt separation
o(p)/p;<3.8.104 pT [GeV] @ 0.015

Muon Detectors

SCT Tracker Pixel Detector TRT Tracker

Toroid Magnets Solenoid Magnet

Muon Spectrometer (In|<2.7) (4
Air core toroid magnets, gas chambers

Hadronic Calorimeter

Fe-scint. (In|<1.7) ; Cu-LAr 1.5<|n|<3.2
U trigger and momentum measurement

o(pp)/p=2% at 50 GeV ; 10 % at 1 TeV

Cu/W -LAr (fwd : 3.1<n|<4.9)
Trigger, jet, MET ; o(E)/E=50 %/NE @ 3 %




AtI as data takl ng

- |:| LHC Delivered
- [_] ATLAS Recorded

S Total Delivered: 5.61 b
- Total Recorded: 5.25 fb’

3(0.3% w/ 75 ns)

Total Integrated Luminosity [fo |

**50 ns bunch spacing

Peak luminosity~3.6 103 cm2.s?
Op. fraction of sub-detectors = 93.5 %

eg : event w/ 7 vertices

Challenging for trigger, computing,
reconstruction (MET, jets, ..
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Twiki AtlasPublic/LuminosityPublicResults
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I\/I an measurements background

ATLAS Prellmlnary

Gtotal [pb]
2

J.Ldt 0035 104fb

10t \;E ?TeV

Theqry

= Data 2010 (=35pb’)
10° o Data2011

[ IIII|||
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S o(Z2)XBRAZIN
w oz Tw zy e Tt Tww Iwz T zz zc(H%ZZ(*)%4I)
Control background < apath towards Higgs search

Good agreement data/theory
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Statistical treatement

Hyp. testing : null hypothesis: {SrB : B-o?ly} ; rglect null hyp.—2>altern. hyp

exclusion observation g Limit exclusion of n xSM

G | nvariant mass distribution

Events/ 1 GeV

Data - Bkg model

F L L L B AL LA BRI BN
800 Inclusive diphoton sample _:
° Data 2011 ]

7001 Background model -
F NG e SM Higgs boson m, = 120 GeV (MC)
600 =
500 \s=7TeV, j Ldt=4.9fb' =
400 + =
300 —
200 4
100~ ATLAS Preliminary —
0 - N PR IS YR TL LTSUNr SR SR S ST ST S AT ST S T S SR S S 3
100 — —
50F + —
Oi:' 1l I.+l+|+.. +11| |+ ++ 14 +— 44 44+ .+++ +++4§
50 ETHTE T T AT R R R P e S
é PSS S RS S S S RS SR S S RS S S R NS S SR RS ST é
10055 110 120 130 140 150 16
m,, [GeV]

95% CL limit on 6/ay,

L e e T

= — Expected CL_ limit
F 1o
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 Observed CL, limit

ATLAS Preliminary
Data 2011, \s =7 TeV
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H—yy E

....... H

e Consistency w/ bkg-only hyp. : p,
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Observed P, Data 2011,\s=7TeV = _|

SM H — yy expected P, det 4ot

ATLAS Preliminary

-4 Ll P P B L L]
110 115 120 125 130 135 140 145 150

my [GeV]

In addition : Look Elsewhere Effect :

authorize to look « elsewhere » to current mass point

~ float mass of Higgs

Signal strength

T N I |
10 15 120 125 130 135 140 145 150

my [GeV]

a Fit signal (« 1 »)

af ATLAS Preliminary . Hoyy
- —Bestfit Ldt=4.91b" 1
2 +1 =
r Bxto \s=7TeV
| S’ Ry A R W -
Q: ...................................................
= .
-2 -
-3; | | | | 2911 D|ata | i
110 115 120 125 130 135 140 145 150
M, [GeV]



H>ZZ(")>4] 110<m_ <600 GeV 4.8 fb!

Golden channdl, fully reconstructed final state, clean, but small rates
examples of mass resolution :

> AN RN N L N N A > L L B B L I B I
) __ _ O B

GO ATLAS Simulation Preliminary | O . ATLAS Simulation Preliminary |
<0.07- = S -

~ C ® m,=130GeV ] ~ L ® m,=130GeV 4

3006 — gaussian fit — 3008 — gaussian fit —

QY] C @ B 7

005:_ H—->ZZ—4e _: I H—ZZ—4n ]

- ] 0.06- ' -

0.04:— = i * ]

T o =(2.53+0.06) GeV ] - o= (1.98+0.03) GeV

003:_ fraction outside + 25: 0.18 E 004,_ fraction outside + 26: 0.15 L d B

0.02 = g |

- 0.02- 1\, -

0.01__ ] i ® ]

C » L] ,

Lo Lo L i . . """""Q‘M_A_A_AJ_A_MJ_I_A_

QO 90 100 110 120 130 140 150 QO 90 100 110 120 130 140 150
e Selection Moo [GEV] My [GEV]

- 2 pairs OS same flavor leptons, p>7 GeV [>2 w/ p>20 GeV] ; n|<2.47/2.7 (e/Y)
- 1solated (suppr. Z+jets, tt)
(Zp"™ AR<0.2/ p; < 0.15) ; (ZE;Iscdo AR<0.2 / p; < 0.3)
leptons separated AR>0.1
- closest Il pair : [m, —m,|<15 GeV ; second one : f(m,)<m, <115 GeV 10
- Impact parameter significance <6/3.5 (e/u) for two among four leptons(suppr. HF)



H>ZZ(")>4] 110<m;<600 GeV 4.8 fb

* Bkg

-primary : irreducible ZZ)

-secondary : Z+, tt : additive lepton : HF / light jet

 evaluation background

ZZ() . MC (low stat so far ; data-driven in future)

Z+|, tt: CR: remove charge Isol ation requirements on second Iepton pair (mg,)

ee second par MU second palr
30T °DATA Dl o DATA
0] ATLAS Prellmlnary m77 o0 ATLAS Prellmlnary m77
o *) |z o r *) m7
= H—ZZ —4l M 716 . % C H—ZZ '—4l M 7hb i
£307 JLat-48 1" =45 E 240C  [Ldt=4.810" =4 .
5 25 \s=7TeV 7, Syst.Unc. - 3 F \s=7TeV vy Syst.Unc.
o] Z+)€ets dominant so- Zbb dominant .
15 - 20 _
10 = ]
10
5

20 40 60 80 100
m,, [GeV] m,, [GeV]

0

20 40 60 80 100

tt : normalization checked w/ sel. OS e-u pair consistent w/ Z
& 2 same-flavor leptons
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H>ZZ(")>4] 110<m_ <600 GeV 4.8 fb!

e Final discriminant : m,,

> - I T I I I I I I I —]

o ATLAS Preliminary |

o 12 e DATA ]

Tt Il Background i

@ r [ Signal (m =150 GeV) -

o 101 [ Signal (m =190 GeV) "

\T - ) I Signal (m =360 GeV) -

8 | H—zZ"—al E

o [Lat=48f" -

3 events of low masses : - \s=7TeV .
-two events 2e2|u : al- h
m=123.6 & 124.3 GeV i ]

-one event 4y : o s
m=124.6 GeV - * 9 -

200 400 600
m, [GeV]
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H>ZZ(")>4] 110<m, <600 GeV 4.8 fb

Event displays

Candidate puppu Candidate 2lu2e

m,=124.6 GeV m,= 123.6 GeV

m,?=89.7 GeV m,'= 89.3 GeV
| m,2=24.6 GeV | m,?=30.0 GeV

ATLAS

EXPERIMENT
http://atlas.ch

ATLAS

EXPERIMENT
http://atlas.ch
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H>ZZ(")>4] 110<m_ <600 GeV 4.8 fb!

e Systematics

Lepton rec., ident. eff ; momentum resolution & scale: fromW, Z, Jy
—> acceptance uncertainty on signal & irr. BKg :

-Muon eff. 2e2u/4u : 0.16/0.22 %

-Electron eff. 4e ; 2e21 (m,,={ 600/110 GeV}) : {2.3/8.0 %} ; {1.6/4.1 %}
-muon momentum resolution & scale uncertainty . small

-electron energy res. : small ; energy scale on m, 4e/2e21 : 0.6 % ; 0.3 %

-Z7) bkg : th. uncertainty : 15 % (conservative)
-Z+|ets, Zbb : normalization : 45/40 % : stat. uncert. CR & MC based CR-> SR
-tt : normalization : th. uncertainty : 10 %

-th. o Higgs : 15-20 % ggH, 3-9 % VBF, 3-4 % associated
-signal selection : 2 % (modelization kinematics)
-Luminosity : 3.9 %

14



H>ZZ(")>4] 4.8 fbt

110<m, ;<600 GeV

e Limits:
Exclusion at 95 % CL :
my, : [135; 156] U [181 ; 234] U [255 ; 415] GeV

e Consistency w/ bkg-only hypothesis:
Largest deviations::

-m,=125 GeV : p,-value: 1.8 %

my [GeV]

%02 R R R IR I UL IR - — - - - 0
I sspneny omoeac m,=244 GeV : p,-value: 1.1 %
I W O -m,=500 GeV : p,-vaue: 1.4 %
§ \s=7 TeV DEZG
dﬂ 10:_ Q_O | T T T T T T T T | T T T T T T T T T T T T
b e E
107
1:_ .................................................. r
- 5102;'|""|""|""""""|""|""|""7 10_25
I U I I B By < - ATLASPreliminary — Observed CL, ] =
110 120 130 140 150 160 17(c HozzZ"sa Expected CL_ T
my[2 JLat=a810" W+io ° 103E -
E s=7 TeV N B
= N [ ]t20 =
O 4 Voo ATLAS Preliminary 1
S 107 N E
2 - —— Observed Ho 770541 3
| [ Expected [Ldt=48f" -
107 -n 26 = =
"""" 3¢ \s=7 TeV ]
10'6 | | | | | | | | | | | | | | | | | | | | | | | | | |
weo 100 200 300 400 500 600 15
200 250 300 350 400 450 500 550 60! my [GeV]



H>WW-=>1vlv =g, ; T2e/n 110<m,<300 GeV ~ 2.05 fb!

() Bkg § :zj ATLAS J | =E$50n5§0?(sy1®\:au
H - ~ \Ns=7TeV, | Ldt=205fb +ets | i H[150 Ge
primary : QCD, W+j, DY (y'/2), Y, top, WW
O 10°
. 4
o Selection 1

- =2 0Sisal. | ; Elead:sub>25 - 20/15 GeV (e/[) (suppr. QCD, W+j)«

- =flavor : m> 15 GeV (suppr.Y) ; |m,-m,|>15 GeV (suppr. Z) P ‘
#flavor : 10 GeV ‘01 200 250

_ m” <f (mH) ( U ppr tOp, WW) ........................................... m, [GeV]

- METig>d0 Gev /25 GV (= #flavon) (Sppr. QCD, DY) L =il o v £ Bl
- Ad,<f(my,) : spin-correlations (suppr. WW) seeeeseeeeeceneeceeenn. ;quwq.;wms T

spin H : 0 ; leptons « roughly » same direction

0 LA S s S e B e B S B S
5 TLAS * Data #= SM (sys @Sfﬁtlé
Lﬁ B Diboson [] Tep E
Ns=7TeV, J Lot=2.05fo" WM Zeets  {TiH[150GeV] 50, rac]

[ W+jets (data driven)

w1 Categorization of #jets (E;>25 GeV, n|<4.5)
6 -H+0j : p>30 GeV (suppr. Z+j, WW)
+ -H+=1]: b-jet veto (suppr. top)
E Ivec p;i°<30 GeV : veto hadr. activity wo/ high p; jet
5 - #jets<2 (suppr. top) 1o




H>OWW vl 110<m, ;<300 GeV

e final discriminant : transverse mass
f(mH)(suppr. WW, top & interference {H ; gg=>WW})

> 45:—' r~rrTrr T “' r-~~Tr~+— 1’ rrrrrrrrrTrTrTTT '_:I T —:

8 40-ATLAS \s-7 Tev,j Ldt=2.05fb" =

o 35 H-WW-olvlv + 0jets 3

Z 30F + =

g 25 | E

3 20 gy .4 4 * e

L ::gé: :é H[150 GeV]
55_ _; % SM (sys @ stat)

= - 7] )

@ — H-WW—=lviv + 1 Jet - - WW/WZ/ZZ/W

(@) 1 2: x 0

o C 7

A 101 ] tt / Single Top

» 8F =

2 = a

g 6;_ _; - Z/v*+jets

L 4;_ _; W+jets (data driven)
2 -

0 80 100 120 140 160 180 200 220 240
my [GeV]
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H->WW-=2>Ivlv 110<m,<300 GeV ~ 2.05 fb!

Event display WW candidate ; ey fina state
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H->WW-=2>Ivlv 110<m,<300 GeV ~ 2.05 fb!

e Bkg measurement

-W+jets: fully data-driven

CR : relax identification & isolation on one lepton
Scale factors CR—> SR : dijets selection

-others : MC corrected by scale factors from CR

-DY : correct mismodelling MET  : #{data ; MC} w/ MET,,>40 GeV for |m,-m,|<10 GeV

> sfb' " ’
-WW, top : normalization $ 10°FATLAS « Dala 2 SM(sys @stay
] <+ 107k _ -Dll?oson.E!Top
*relax selection > ] \s=7TeV,det=2.05 fo! Wl Z+ets T H[150 GeV]
: . = 10 [] W+jets
*gmultaneousfit on data g e H->WWevev
L
CR>SR: WW: MC o
top: 0 : £%hass( €L VELO tOp) e
1 :MC iy
10
1
10705040 60 80 100 120 140 160 180 200

Ems: [GeV]



H->WW-=2>Ivlv 110<m,<300 GeV ~ 2.05 fb!

o Systematics:

-Luminosity : 3.7 %
-theory uncertainty (ggH/VBF) : QCD scale: 12, % /8% ; pdf : 1%/ 4 %

-# ets . computed from uncertainty on o : H+0j : 10 % ; H+1j : 20 %
-JES: <10%

-pile-up: 7%

-e/p eff - fromW, Z : 2-5%/ 0.3-1 % (f(In|, py))

-lepton energy scalee/p : <1 % ; <0.1 %

-lepton energy resolution e/ : <0.6 % ; <5 %

-b-tagging : 6-15 % ; b-mistag rate : <21 %

-MET : 13 %

-WW : th. & exp. for CR>SR:H+0j:7.6% ;H+1j:21%
-top : H+0j:38% ; H+1):29% 20



H->WW-=2>Ivlv 110<m,<300 GeV ~ 2.05 fb!

Limit : exclusion Consistency w/ bkg-only hypothesis:
Expected : 134<m,,<200 GeV Largest deviation: 1.9 ¢
Observed 145<mH<206 GeV
;102§ ATLAS U hwwO sy o [T amas T T T T ioww w4
(o} C —— Observed ] Eo 5
& i --- Expected j Lt = 2.05 fb” ) 107 =
= § 3 2
E 10} Eli;(; \s=7TeV - 10-2? - ©
d E E 10-3; """""""""""""""""""""""""""""""""" ; 30
$° - . = — Observed =
o B 7 104 --- Expected _

o e R i e E S R ——— 1 4o

; E 10°F jLolt=2.05fb‘1 E

- . 10%L \s=7TeV .

i / i ; I'"""'""""I""'"""""l' """""""" | '"""'"""';"' ; 56

10" 426" 440 160 180\296 520 540 260 280 300 107300~ 950 200 250 300
m, [GeV] m, [GeV]

change selection
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110<m, <150 GeV 4.9 fb'l

 Small BR, sharp peak on top of continuum

 Bkg: Irreducible (dominant after identification) : yy
reducible: vj, jj, Drel-Yan

* Invariant mass reconstruction : m_#=2E,E,(1-cos 0,,)
-Primary vertex position
-Energy calibration

800F- -

Inclusive diphoton sample

Data 2011

Background model

......... SM Higgs boson m_ =120 GeV (MC)

700F

Events /1 GeV

600F

500 \S=7EMij=49m4—£

 selection: 2 high-p; (40 ; 25 GeV) oo
isolated y (isol.<5 GeV) =%

100 ATLAS Preliminary —

0:....|..A..--1-..,..|....I.... M
sgﬁll |.+u..+.. L STTHT +++
T g T

modelization bkg : exp(-£x) shape
(hereinclusive) —

Lt U YRR Wy N .++E
A T LA L

E PR SR SR S SR SR SR SR NN T SR SR S NN T TR SR S A SR S S T S S S S
1000 110 120 130 140 150

Data - Bkg model
[$)]
o
\



110<m, <150 GeV 4.9 fb'l

Fine segmentation of elmg calorimeter

e good separation ° / y  direction: calo pointing
(agart converted 15t sampllng & convers on point)

I
ATLAS P Im y

(Simulation) — Fit

s A _
0.1 [ Pr=1m \ + truth vertex ]

- gg— H-vy, m, =120 GeV

1/N dN/dm,, / 0.5 GeV
o
o
o)

> |

:

\
0.06 —+—Cal0/C pointing ]
0.04 .
gd almot optimal

0.02 ) \ o
- 010 112 14 116 118 120 122 124 126 2830
m,, [GeV]

— : T T T T | T T T -\ | T T T T | T T T | T T T T | T T T T ] % 0'1 2*IAI71L|AIS‘PIre|II;T]IInIa.I!y llllllllllllllllllllllll
E 0.16:_A1_'LAS Prellfnlnan: + ; g: ggﬂ(g 1g$; g g - (Simulation — Fi
S 0-14—_\f§—TTeV. Ldt=4.91b — MC () - S O_‘l_— —
g rmS 3 Glm ~ - gg— H-vy, mH:120 GeV
E' 0-12 5_2 unconverted photons g 0.08 -
2 °®UNCONV y e 2%
2 0.06F 5 62—1.5 cin o.045 E
u:J [ = <3 94—

0.04 — . L

02 oust wrt pil eupoz; ]

QSO 100 -5{']I 0 50 100 10 . 23
10 112 114 116 118 120 122 124 126 128 130

AZCaInF’ninting [mm] m [GGV]



H%yy IIOSmHSISO GeV 4.9 fbl

. Calibration J?x’éﬂ?{?‘ﬁ:{m l:aa&ziit‘z;ﬁ?b?ﬁ'
Cluster energy reconstruction :
>, contributions:
-before calorimeter O 1
-inside cluster
-outside cluster (lateral leakage) I
-beyond EM calo (longitudinal leakage) energy s energy ot between the

before the PS PS and the Strips

PS Strips Middle Back

out-of-cluster
energy
accordion leakage

e Improvement using correctionsfrom Z
Selection 2 OS electrons p>25 GeV, quality medium, compatible m,
26 binsof 1 ; E ~E (1+a) ; a from alikelihood fit

> [T rryrrrTryrTTTprTT T T T T T T T T T T T T T T T T
. 8 01— ATLAS Preliminary 7
> 2005‘19"\'HwHH\HH\HH\“H\HH\“‘ ] 2 ~r (Simulation) CB+Gau$_
® = ATLAS Preliminary 3 ~ B
o F . =
- 1225 Data 2011, \/s=7 TeV,det=4.6 ! - g 0.8~ Hovy,m,=120CGeV ~
— = o
*% 140[ Caas=1 76 £001GeV E Z - -
§ qppf Owc=159£001GeV  Fig nj<2.47 E —~ 0.06~ FWHM = 4.0 GeV —
o0 o, o) Nm 004 .
80l Szewe — o gampl. term : 10 %/AE
60— — C
40k — e cstterm: 0020 B
20 E 0 . 0 - - .
| 1.2 % barrel ; 1.8 % end-cap .

(}0 I75I - ‘8‘0‘ B ‘8‘5‘ B ‘9‘0‘ - ‘9‘5‘ - 100 uu---- 110 105110 115
M, [GeV] my, [GeV]



H2yy 1105, <150 GeV 4.9 bl

v, - unconv

E;=66.8 QN &:;ATLAS

i
A EXPERIMENT
-’
Run Number: 191190, Event Number: 19448322




110<m, <150 GeV 4.9 fb'l

e Data-driven bkg estimation
-simultaneous two dimension A=B* C/D method : vy, 7], |]
-e—>v fakerate: Drell-Yan

_‘9 20000 . 1;' goo:l T |A11L|A|S|P| || T .| LI S L B B N L B B B S L B R
c C ] - reliminar
2 18000 —¢— Data-driven estimations  — 8 = y —— yy+DY data
w - ] =  800F Data 2011
5 16000——4—— 1Y expected - = ;—_{' \s=7TeV, [ Ldt= 490" —— yjdata
= - P Y] expected 3 g 700k H’ )
£ 140001 S5 jj expected E Z 600 - Y ++ } —— jj data
3 12000~ DY expected e © 5005 +++++ ; —} Statistical error
10000 o — = ++ +++ Total error
- ATLAS Preliminary 1 400E +++ 44t
8000 - - t 4t 4
6000 e = 300 i_ t +++++++ 3
- -1 .
N - ] 4474
4000F- * I Let=4 9T N 200 5*+++++++++++++++ $,44 " Wit
- ] = A A A 3
2000 + - 100 5“‘* —— . + +f++++*++++++ ++++ ++++“++“++“ +...5
= . = ) S e el e i e B ol e VS
0 ) . 100 110 120 130 140 150 160
1Y Yi ii DY
m,, [GeV]

good agreement data/prediction Purity vy : 71 %
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110<m, <150 GeV 4.9 fb'l

Categorization : ‘0 eta; conv status of photons

both unconverted : >1 converted :

-unconv central : |n,,[<0.75 | -conv (>1) central : [n,,|<0.75

-UNconv rest : N o o20.75 |+ -conv (=1) rest Iy i<i30r iy <175 but =1 [ ,>0.75
-conv (>1) transition : >1 w/ 1.3<\n|<1.75
n(v2) n(y2)

1.75
13

0.75

175
13

0.75

0.75 1.3 1.75 T](Yl) 0.75 1.3 1.75 n(y:L)
Cl C2 C3 C4 C5 impr.6-23 % on exp. limity
é p(yy) : (transversal pI’Oj ection of pT(yy) on thrust axis)
low/highvalue ,. P %

1

P,

Combin. etalconv/ Py - 9 categories
CP1 CP2 CP3 CP4 CP5CP6 CP7CP8 CP9 27
low high low high low high low high 4l



systematics

110<m, <150 GeV

Type and source Uncertainty
Event yield
Photon reconstruction and identification +11%
Effect of pileup on photon identification +4%
Isolation cut efficiency +5%
Trigger efficiency +1%
Higes boson cross section +15%/ — 11%
Higgs boson pr modeling +1%
Luminosity +3.9%
Mass resolution
Calorimeter energy resolution +12%
Photon energy calibration +6%
Effect of pileup on energy resolution +3%
Photon angular resolution +1%
Migration
Higes boson pr modeling +8%
Conversion reconstruction +4.5%
Spurious signal
Category | CPI  CP2 CP3 C(CP4 CP5 CP6 CP7 CP8 CP9
Events +4.3 +£02 £3.7 05 £3.2 0.1 £56 06 £23
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110<m, <150 GeV 4.9 fbl

Statistics results

8lelts Consistency w/ bkg only hypothesis

E - LI L L | I L | T I T | T \ll |.I LI | LI B I | T I T T I 1__ Q_o j TT"T7 ‘ T ™17 | T T T | T 7T T T ‘ T 1T 1 1 ‘ 1 1 1 I T T T T I T 1 T T t
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W/ LLE : p,=7 %150
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Atlas Combination
of SM channels
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Atlas combination
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Correlated systematics

Overall effect on signal/bkg yields from a variation of 1 ¢ of source of
systematics for a
|{mH:120 GeV for H>tt, HOyy, HOWWlv v, H>ZZ- 1

m,=300 GeV for H>WW-=Iv qq, H=>ZZ->llvv, H>ZZ->llqq
for illustration only

(systematics for cross-section, resolution signal, migration btw categories,
etc... are not printed in these tables, but considered in the final results)

Systematicsfor yields signal Systematics for yields background
signal background fit fit

H—tht™ Hoyy H—-ww H—Z7z"™ H—th1 oy H—Wwi H— 7z
CThaa3V  TeTe+ jet evev  Ivgg L0 vy g (ThaddV T+ jet "V pvev |evgq |eeee tevy  tigg
Luminosity e ey S S v S v S+ S v SRS v Luminosity +30 +33 i 102 | - | B2 B4 3
elyeff. +35 #2000 4£20 £09 £29 412 £12 e/yefr. 124 +05 i 123 |08 |+16 <08 =o0.1
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ely res. - 103 - os - - 025 01 elyres. - 193 - e S - 406 402
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Consi stency of obs. w/ bkg only hyp

" 2011 Data.
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LEE global ~ péocal —|— Noe Q(U’ 'u,o)

1 crossmg u=0 :
6: m, :[110; 600] GeV ; py(global)=1.4 % (2.2 o)
3:my :[110; 146] GeV ; py(global)=0.6 % (2.5 o)

e per channel .

M, [GeV]

-H->vyy :
-H>ZZ") >l :
-H>WWOO) > |vlv :

Po(local/global)=2.8 6/7 %
Po(local/global)=2.1 6/33 %
po(local)=14c

Not enough statistics to make conclusion on 3/4 of Higgs

*(3.60) [also mH—245 GeV]
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Signal strength

Best fit signal strength
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Comparison Atlas & CMSfor the courfllg,sih Ied
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Comparison Atlas & CM S for the council

Local P-Value
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Atlas
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(previous) Combination AtlassCM S w/
1.0-2.3 fb-Y/experiment

Channel Experiment | gy range [Gel] | Luminosity (f671) sib-channels
H — ey ATLAS 110 — 150 1.1 5 :1p: conv, of photons
CMS 110 — 150 1.7 & pp ot conv. of photons
H — 77 ATLAS 110 — 150 1.1 5 e ee, pp,ep: Mhag @ €, [
T 110 — 140 1.6 G i lmpgg s g e+ VBE jels or not
[l — bb ATLAS 110 — 130 1.0 2: WH, ZH
CMS 110 — 135 1.1 o WH, ZH: e p
H — WW — vl ATLAS 110 — 300 1.7 Groe, o, ez 1 g
CMS 110 — GO0 1.5 4l =1, L #F 10,1
H — ZZ — [l ATLAS 110 — 600 2.0—-23 3 dp, 2epn, e
CMS 110 — 600 1.7 3 dp, 2e2n, de
H — 24 — 2127
CMS 180 — GO0 1.1 81 B ThadThad + Thad © B4 [E , Ef8
H — Z4 — 212v ATTLAS 200 — GO0 2.0 2 ee,
CMS 180 — G600 1.1 2 :ee,
H = ZZ — 212q ATLAS 200 — GO0 1.0 2 ee up
| CMS | 225 — GO0 1.6G Goree, ppu: 01,20 |

Uncertainties taken either : 100 % correlated (+ or -) or uncorrelated. Partially correlated broken down to sub-

components 100 % correlated or uncorrelated, or considered as 100 % correlated (conservative)

—>dlow to factorize al constraints in likelihood
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(previous) Combination AtlassCM S w/
1.0-2.3 fbt/experiment
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P, °@ : 0.001>3.1 sigma
P24 : 0.05>1.6 sigma

@
=
©
7
Q
©
Q
o
J
E
104 & , £ ATLAS + CMS Preliminary, \'s = 7 TeV = 4
- - === To-------- - L, = 1.0-2.3 fb Vexperiment 340
5 H .
10 E ] ’ Combined E
10° & D Exp. for SM Higgs boson |
= LEE corrected max._| —e— CMS 356
107 é significance =1.6 6 | —s— ATLAS é
— 1 \“l\\;I\|I\II\\\\\&IIII\\III‘II\IIIIII:
s = L D e e
2} 2__ ]
% - Diw from fit |
E 1k
"‘7) =
Q[
(a1 o -
4L N R I I R,
100 200 300 200 500 880

Higgs boson mass (GeV/c?)



Conclusion...

Search for Higgs boson by Atlas experiment continued w/ 2011 data
 Exploration continue for beyond SM Higgs
« Shrinking of viable region for existence of SM Higgs :

current status : excluded 95 % CL
-Observed : [112.7 ; 115.5] U [ 131; 237] U [ 251 ; 453] GeV

“Expected : | 124.6; 520] GeV » 3.6 5 excess wrt bkg exp. for m =126 GeV
*
excess{ H%w H%ZZ( HIIII} >>expected

3 'O ATLAS Preliminary | 5011 Data % : NP
S~ [ _._ ] > ' N
§ ____‘E’Q;:g:g det=1.O-4.9fb'1 d 107
£l oS w7t g Bor
_ F
§ 1 — 10°¢
S - C
10'45—

10°E o com. —om E

F Bxp Hoa Exp. Ho v 2011 Data
CLs Limits 106:_ —Ob H—>4I Obs. H—>II [Ldt_g_gs _
107700 200 300 400 500 600 110 115 120 125 130 135 140 145 150
M, [GeV] M [GeV]

Higgs if it exists, would most probably be in the range [116 ; 131] GeV 23
Not enough statistics to make conclusion on Ell/é of Higgs



.Prospects
e Improve analysis:
-update H>WW®) > [vlv, W/Z H>bb, H>1t w/ O(5 fb1)
-relax kinematic cuts (eg p; lepton) to increase acceptance for low masses
-improve identification (MVA, etc)
-further categorization, exclusive channels, new discriminating variables

-combine with CM S : not before publication of individual results
e 2012 : running at 8 TeV and 20 fb*

ATLASP elm ay(S mulato n) | IR

—
N
T

S
T

20 fb! per experiment would allow :
-Atlasalone: 5 ¢ discovery at m =125 GeV
-AtlastCMS: 5 ¢ down to my=116 GeV

-8 TeV : gain sensitivity =10 %

Integrated Luminosity, fo™

N S (2] o]
L

900 120 150 200 300 400 500 \
my [GeV]
« What will be with Higgs ? Nobody can answer, yet 2L
e LHC running in 2012 will most probably bring an answer "
—> enthousiastic future, possible surprises (good or bad) : let’sremain stoic



Backup

seminars of F. Gianotti (Atlas) and G. Tonelli (CMYS) :
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{ L1: up to ~ 65 kHz

ATLAS Tngger Operations

LHC Fill 27
Starting Lumiir

18, 2-3 Oct. 2011

L L LU

L1 IlIIlll

Ending Lummosﬁy 1.3x10% cm

1 lJlIJIll L L LI

L1 lIlllIl

rotti’ S "sentin ar,;e

I < 10°
Trigger 5 10°F
@ N
R R X R ] & 104 TR T ——————

O Coping very well with rapidly-increasing =
luminosity (factor ~10 over 2011) and pile-up .
by adapting prescales, thresholds, menu. 10

O Strive to maximise physics (e.g. keeping n
low thresholds for inclusive leptons) 0%

0 Main menu complemented by set of n
calibration/support triggers: e.g. special 10 g
J/y > ee stream (few Hz) for unbiased o
low-p+ elec’rroﬁudies E G -

Single electron
— raised to 22 GeV - L .11
Single ATLAS Trigger Operalion 2011 Add hadronic I
electron energy cut
20 GeV |00 - .
Minimum Bias
E Electrons/photons
£ Jets/taus/missing ET
:
100 - .
— /A - /1 ‘\ Muons/B-physics
(e,7) (15,16) 0 .
(u,7) (15,16) Apri Jun/e/ August \ October
(1) (29’2,0) Single || 3 station || éOT”)“?;”segoT) || Tighten L1
muon muon barrel (1.7 (15.20 muon roads
18 GeV || coincidence || (1.7) (29,20)

ely
Jets/1/E{mss ~ 100 Hz

Muons ~ 150 Hz

Managed to keep

inclusive lepton

Typical recorded rates
for main streams:
~ 100 Hz

thresholds ~ stable
during 2011




From F. Glanottl’s, seminar :

Link :

2011 Physics Proton Trigger Menu (end of run L = 3.3 1033 cm-2s-1)

Trigger Selection '—LEate EFI_ll?ate
Offline Selection > - a(t 3:3)3 at(3:)33
Single leptons Single muon > 20GeV 11 GeV 18 GeV 8 100
Single electron > 25GeV 16 GeV 22 GeV 9 58
2 muons > 17, 12GeV 11GeV 15,10GeV 8 4
Two leptons
2 electrons, each > 15GeV 2x10GeV 2x12GeV 2 3
2 taus > 45, 30GeV 15,11GeV 29,20GeV 75 15
Two photons 2 photons, each > 25GeV 2x12GeV 20GeV 3.5 5
Single jet plus Jet pT > 130 GeV & 50 GeV & 35 GeV 75GeV & 0.8 18
MET MET > 140 GeV 55GeV
MET MET > 170 GeV 50 GeV 70GeV 0.6 5
Multi-jets 5 jets, each pT > 55 GeV 5x10GeV 5x30GeV 0.2 9
TOTAL <75 ~400 (mean)




Beyond SM Higgs : MSSM

MISSM (2HDM typell) : b, H, A, H, H< (A CPodd)
-neutral (h/H/A) ¢ T D gvu/8usmad| 8awda/8usvaa || 8ovv/8usvvy

"""""" # B coso/sinB|| —sino/cosBl| sin(B— )
bbH : enhanced for tan E) >> | ressswrl—« - | HO sina/sinB || cosa/cosf || cos(B— )
ggH : top and bottom loop : different couplings A° 1/tan 8 tan 8
VBF : not viable for CP-odd Higgs ; else coupling < SM suppressed enhanced <SM

WH/ZH : idem for | t for | t
ttH : suppressed for large tan 3 orlargetan B forlargetan 3

dominant decay : bb, tt

-charged (H*) - g 4,
*light Higgs (m,,<m, ) : top decay to H* i}wﬂé

dominant decay : tv (tan p>3), cs (low tan 3) - . ;
*heavy H* m,>m, : gb—>tH+ >
m,,,~m, : gg and t->bH* i

decay : H*=>tb ; H*—>tv sizeable (high tan ) - ;



Beyond SM Higgs: NMSSM ; 4SM

many free param in MSSM : soft SUSY breaking terms, 1 prob. : fine-tuning
« NMSSM :  CPeven:{H,, H,, H.} _ . |
CPodd: {A,, A} Light CP-odd Higgs boson : A,
charged : {H*, H} A2 Ul
If 9.2<m_,<12 GeV, can account anomalous P magnetic moment
» could explain some discrepancy by Babar wrt SM

» extra degree of freedom could satisfy dark matter limits
m,,<2mg : escapes LEP limits

o { Left-Right symmetric ; Higgstriplet ; Little Higgs}
double charged Higgs : H**

Eur. Phys. J. C (2010) 66 : 119-126

R P
e 4™ generation : gg fusion 1 B | e 174
g 'E 1“""—--.,_.,___:___:: y'/
3 .
. L - N\
\N=% %
q Nt A
g ¢ 49




Fermiophobic scenario

H-fermions coupling : suppressed (« phoby of fermions »)
—>0gH, ttH suppressed ; H->bb suppressed ; H->yy : strongly enhanced

Two opposite effects : global : increase of cxBR

g; 1 E ] § :E51 1 ()2 ; I T T T T T I T T T T ; E
= F 18 & F \s=T7TeV Fermiophobic £
& 14 e O ik
) : e 10 . W (SM) =
L g = e
5 °

% 1()-1 [ \J’Vv‘\f‘l FRT L LT P

e 1kt & -

m g

------

10 ¢

hassssndfionnnning
)

102

1 0_2 - ':3 _.:
= B 5%, Zy (SM)

&
. s,
s £

1 0-3 I g': A N N "I."’a I -‘.\'""e] Lo
100 150 200 250
M, [GeV]

_3 1 1 1 1 1 | | | L | 1 1 1 1
107400 150 200 250
M, [GeV]

Production modes : VBF and VH : recoiling jets and vector boson
—>p; of Higgs can be exploited
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Channelsinvestigated by Atlasw/ data > Beyond N

e H>Dbb (VH) ATLAS-CONF-2011-103;
* H>1t (I, 17,49, ThadThag) ATLAS-CONF-2011-132;
e H>1t (Il 4v) + ATLAS-CONF-2011-133;
s H>yy ATLAS-CONF-2011-161 ;
e HOWWO) 21y v arXiv:1112.2577 ;

s H>OWWU)->1v qq arXiv:1109.3615 ;

e H>Z7Z") >4l ATLAS-CONF-2011-162 ;
s H>ZZ->1l vv ATLAS-CONF-2011-148 ;
e H>ZZ->I1l qq ATLAS-CONF-2011-150;
e combination (<4.9 tb!) ; ATLAS-CONF-2011-163
e prospectives 8 TeV ATL-PHY S-PUB-2011-001 ;
e AtlasCM S ATLAS-CONF-2011-157 ;
* H*21, vw/it ATLAS-CONF-2011-151 ;
o H*> 1+ w/ tt ATLAS-CONF-2011-138;
s H¥*>cs ATLAS-CONF-2011-094 ;
° a2 UM ATLAS-CONF-2011-020;
o H=2 purp* ATLAS-CONF-2011-127 ;
e Higgs SM4 ATLAS-CONF-2011-135;

e« H>yy fermiophobic ~ ATLAS-CONF-2011-149 ; o1



|dentification of electrons/photons

Track/cluster matching & exploits various quantities of shower shape. EX :
° Energy ratl oS Towers in Sampling 3
_Rh o= Ethad/ ET
‘R FE>57/[E>  -Ry=E>50/[E>
(I). (I)I
N n
sl E(£)

> weighted E
in 2"d or 1st sampling

(strips)
high for fake photon

-3 -1|+1+3 low for low photon DatalMC disagreement ) Fudge Factor (FF)

etc.
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Electrons

Efficiency measurement : tag & probe method
appliedto Z->ee, W->en, Jy—>ee

Jw-> produced promptly & in decay of B-hadrons (non promptly)—>#eff

110

100

w
o

80

70

Loose++ identification efficiency

60

50

_| T | T T | T 1T | T 1T | T 1T | T TT | T 1T | T 1T T 1T ]
- ATLAS Preliminary J.L dt=47f" -
C + oaa 1
z S R .
: + %P m$+ ' ]
- | < 2.47 -
[ @ DataZ— ee O MC Z— ee —
W Data Jly — ee O MC Jiy— ee ]
:I A I:l)ata W|—> ev | l& MC |W—> evl | | |:
5 10 15 20 25 30 35 40 45 50

E, [GeV]

Electron identification efficiency [%]

|mpact of PU

Deterioration w/ PU mainly from increasing
hadronic activity overlayed to electron calo shower

105

100
95
90
85
80
75
70
65
60

- I I I I [ T _
— ATLAS Preliminary JLL dt=4.710" =
E_ 8 2 » Y _E
- .8 o ) & $ -
A =
- b g uya -
— i ‘%‘ iy -
= + A =
e [ | —
- SR BEEmg g - =
— ) [ | —
- ' M =
"o MC Loose++ 4 MC Medium++ 0 MC Tight++ —

-* Data Lpose++ 4 Data Medium++ = Data Tight++ 3
2 4 6 8 10 12 14 16 18 20

Number of reconstructed vertices



Granularity elmg calorimeter

EM calorimeter

Number of layers and || coverage

Presampler 1 ml <152 |1 1.h<|p < 1.8
Calorimeter 3 | <135 | 2 1.3 < |n| < 1.5

2 1.35 < || < 1.475 | 3 1.5 < |n| < 2.5

2 2.5 < || < 3.2

Granularity An x Ad versus ||
Presampler 0.025 x 0.1 m| < 1.52 | 0.025 x 0.1 1.h<|p < 1.8
Calorimeter 1st layer 0.025/8 x D.1| | < 1.40 | 0.050 x 0.1 1.37 < |n| < 1.425

0.025 X 0.025 1.40 < || < 1.475 | 0.025 x 0.1 1.425 < |n| < 1.5

T02578 < 0.1
0.025/6 x 0.1
0.025/4 x 0.1] =>0.025/8
0.025 % 0.1
0.1 % 0.1

1.5 < [p| < 1.8
1.8 < |p| < 2.0
2.0 < |n| < 2.4
2.4 < |p| < 2.5
2.5 < || < 3.2

Calorimeter 2nd layer

0.025 x 0.025
0.075 x 0.025

m| < 1.40
1.40 < |n| < 1.475

0.050 = 0.025
0.025 =« 0.025
0.1 x 0.1

1.37 < [n] < 1.425
1.425 < || < 2.5
2.5 < |n| < 3.2

Calorimeter 3rd layer

0.050 = 0.025

m| < 1.35

0.050 = 0.025

1.5 < <25

Number of readout channels

Presampler
Calorimeter

7808
101760

1536 (both sides)
62208 (both sides)




Type

Description

| Variable name

Loose electron and photon cuts

Summary cuts

Identification

el ectron/photons

Acceptance of the detector | 1| < 2.47 for electrons, n| < 2.37 for photons (1.37 < |n| < 1.52 excluded) | -
Hadronic leakage Ratio of E7 in the 1st sampling of the hadronic calorimeter to E7 of the Riua1
EM cluster (used over the range |n7| < 0.8 and |17 > 1.37)
Ratio of E7 in the hadronic calorimeter to E of the EM cluster Riua
(used over the range 1| > 0.8 and 1| < 1.37)
Middle layer of the Ratio in 1 of cell energies in 3 x 7 versus 7 x 7 cells. Ry
EM calorimeter Lateral width of the shower wa
Medium electron cuts (in addition to the loose cuts)
Strip layer of the Total lateral shower width (20 strips) Weror
EM calorimeter Ratio of the energy difference associated with the largest and second largest Eratio
energy deposits over the sum of these energies
Track quality Number of hits in the pixel detector (at least one) -
Number of hits in the pixels and SCT (at least seven) -
Transverse impact parameter (<5 mm) dy
Track matching Amn between the cluster and the track in the strip layer of the EM calorimeter Am
Tight electron cuts (in addition to the medium electron cuts)
B-layer Number of hits in the B-layer (at least one)
Track matching A¢ between the cluster and the track in the middle of the EM calorimeter Agy
Ratio of the cluster energy to the track momentum E/p
TRT Total number of hits in the TRT -
(used over the acceptance of the TRT, [n| < 2.0)
Ratio of the number of high-threshold hits to the total number of TRT hits -
(used over the acceptance of the TRT, [n| < 2.0)
Tight photon cuts (in addition to the loose cuts, applied with stricter thresholds)
Second layer of the Ratio in ¢ of cell energies Ry
EM calorimeter in 3x3 and 3x7 cells
Strip layer of the Shower width for three strips around maximum strip W3
EM calorimeter Total lateral shower width Wstor
Fraction of energy outside core of three central strips but within seven strips Fiide
Difference between the energy of the strip with the second greatest AE
energy and the energy of the strip with the smallest energy between
the two leading strips
Ratio of the energy difference associated with the largest and second largest Eratio
energy deposits over the sum of these energies [
IS



Calorimeter 1solation & plleup

Transverse isolation energy

* X4 Cellselmg & hadronic calo around emg obj ects
 Subs. core 5x7 cellsaround barycenter of elmg object |+
* Corrections from out-of-core energy |eakage i
e Corrections from UE & in-time pile-up
event-by-event

subs. using ambient pg

Mean for Z decays

- " econstructiveinterference : increases mean
s . amome-ee.|La-snd e cancelation of in-time & out-of-time PU

: | Smisniiee M2 for 12 bunches spaced of 50 ns (<> 600 ns)
-+ Mean isolation : independent bunch
position train

*After gap of 8 bunch crossing :
cancellation incompl ete again

S ... .. .. .3 (cther bunches)
100 200 300

Bunch crossing ID

Isolation energy [GeV]

6
5
y
2
1
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Direction of photons

(direction of electron : tracks)
e unconv. photons & TRT standalone ¢ conv. photons non TRT standalone :
conv. photons : calorimeter pointing y] 18t sampling+conversion point

: barrd
R 4 eg

back

v

Rf ront //‘ / front
—~___presampler
P Nmiddle
v Ntront
| nyl

Zy O Zfront Zmiddle Z



Statistical
treatement

Profile likelihood test statistics, CL s prescription, asymptotic method
Check w/ pseudo-experiments & w/ Bayesian
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Statistical treatement

e Quantification consistency of hyp. wrt signal strenght « 1 »

(u=0:bkg; p=1:sgna) :
p,-vaue of the test statistics : probability than a given unknown measurement
IS more extremal than what isreally measured

o p-value<x %->Confidence Level (CL) at (100-x) % of the observation

e problem : | fluct. of bkg : could exclude signal for which no sensitivity
—>conservative solution at LHC :

CL .
e CL&=—3®>CL_, ->test CL<0.05 for exclusion

CL,

« Exclusion/upper limits : test consistency of obs/exp. w/ signal-only hyp.
p,-value : Prob(bkg-only exp. is more signal-like than observed one)

» QObservation/discovery : test consistency of obs/exp. w/ bkg-only hyp.
Py : Prob than bkg+sig exp. is more bkg-like than observed one 59
construction such than py;=can’t be > 50 % if bkg |



Possible statistical results

o Observed exclusion and expected exclusion

confortable w/ exclusion (within CL : sometimes resurrection of an exclusion)
e Observed exclusion but expected non exclusion

exclusion wo sensitivity : typical : statistical fluctuation down of bkg

o Expected exclusion but observed non exclusion

statistical fluctuation up of bkg or signal

 |ow expected p-value and high observed p,-value
Signal (within significance)

 |ow expected p-value but high observed p,-value
Non deviation of results with SM

* high expected p-value but low observed p,-value
statistical fluctuation down of bkg or signal
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| ook-elsewhere effect

-Authorize to look « elsewhere » to the current mass point

-The bigger the mass window for analysis, the bigger Prob(- > 1 fluctuation)
-Po/ocd > p,9obd : corrective factor : « trial factor »

h

1.8

1.6

observed q,

0.4

0.2

lobal __

Py Rp

- local
- _ —Npins X Po o

— N, «=range/resolution

r L L L L L1 L1 .

00 120 140 160 180 200

m,, [GeV]
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Signal strength
o — N
O O O OO N O,

_|II\I|\III|\II\|III\ll\Illl\ll‘llll‘ll\llll\l

-0.5

eg for Computl ng for LEE

)lTLAS Prellmlnary
—— Best fit

EaE

----- |

2011 Dat
j Ldt=1.0-4.9 fb”
\s=7TeV

\

-|II\I|\III|\II\|III\|I\Illl\ll‘llll‘ll\llll\l

II\\II‘III\III\I‘III\|I\\II\\II‘III\|\IIIII
110 115 120 125 130 135 140 145 150

M, [GeV]

\

( \
~ ATLAS Prelminary 2011 Data -
—  — Bestfit j Ldt = 1.0-4.9 fo ' —
B |:|i1 c . 5
- \s=7TeV B

A A I P SRR R
100 200 300 400 500 600

<
T
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o
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Individual
channels :

(I) beyond SM

Statistical independance of channels with same final state .

eg:inSM : {Z(I)H(bb) ; H>ZZ->1l bb}
—>use mutual exclusive selection (range of masses, etc.)

63



Entries / 10 GeV

45F ATLAS Preliminary e data 1 3
E | Lat=r.0em" Bl Signalx20 1 O
40E (m=115GeV)] o
35 —TotalBG 4 T
E —2Z EN )
30E Z H — Top ERES
25 Diboson = LIC.I
205 .
155 A
106 +
07 P EPEET N SR T i
50 100 150 200 250
m,, [GeV]
> E T T T T 3
& 800 Inclusive diphotan sample =
- . Data 2011 |
o 700F Background model =
c D N SM Higgs boson - GeV (MC] -
L% 500;— 99 m =120 (MC) _;
. Srghal:
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300, .
- ... Peaking
1002— ATLAS Preliminary —;
S —— : —
2
g 53 #t +
2 ol i T
_$ A0 THo 720 130 140 150 160
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> F e N D -
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200

400
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220—'ATLA9Pr'e|'in'1ihairy e daa
200 | L dr=t.04 1" - (Sr:% T geV)
180 —— Total BG —
s WWH ; e
— — T -
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100 E
80F 3
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40F s
20
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?g 40 ATLAS \e=7TeV | Ldt=205f" |
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Invariant

Final discriminant variables (SIM) ortransverse mess
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— 2 GeV
pT(p) = 18 GeV F oY
pYs(Ty) = 26 GeV <& X
my, (1, Ty) = 47 GeV . '{T’
me E7) = 8 Gev 1A EXPERIMENT
ET =7Gev Run Number: 160613, Event Number: 9209492
Date: 2010-08-03 02:12:37 CEST
Z — 1T ® )
- - - - -1
uon Candidate in 7 TeV Collisions , :
3
B & 50

ZZ, \WW dominant for SM for m,>140 GeV

MSSM : HVV : suppressed by cos(-a) ; AVV : 0

While coupling to T3=-1/2 enhanced for high tan 3, and proportional to m;
—> 11 decay promising

A/H/h->tt>eu+4v, [90-450 GeV], 1.06 fbt, data 2011, A1 asconeooit12
A/H/h->tt>ert, 4+3v, [90-450 GeV], 1.06 fbi, data 2011, A7\ asconrooi1s
A/HN2> 1121, Thgt2V, [90-450 GeV], 1.06 fbt, data 2011, o1 asconr2011.132
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Tau Invariant mass reconstruction

« M_VisPle: usevisible tau decays : broaden m_—>reduces sensitivity
e M_#fective (m) uses visible V(p_,+p,.+P,i.)? : applicable to fraction events

T

e Coll. approx : assumpt. : v = collinear w/ vis. T decays ; m_=m,;/V(x;X,)
X; . fraction of visible momentum for r;

* Missing Mass Calculator : (arxiv:1012. 4686)
performance%

Solving system of 4 equations:
Exmiss1 Eymiss’ mrz’ mTZ:

f(pm|ssl Sin emlssl ¢m|ssl pmlssz Sin emlssz d)mi5521 pvisl1 pvisZ’ Ae{ViSLmiS]} ' Ae{ViSZ’miSZ}) 200

#econstral nts < #unknown

&

= 900

B 2800

"' 700
600

400
300

100

H—11 I|}hdh nel, =115 Ge evic
— lissing Mass Calculator
mammman Collinear Approximation

"
e

100150 200 250 300 350

<> system solved for agrid of pointsin A¢{vis;,mis;}, A(I){ V|s2 mis,} M (G
At each point compute A63D{ Vis, mls} and wel ght by probabl | |ty (from simu)

T
1 prongtdecay 1

45<p <50 [GeV] |
ATLAS Simulation —

+— Z—71 Simulation

—— Probability function

2 F 2 '
S L Leptonlc*cdecay E
>, 003 45<p <50 [GeV] } \ 43
@ ! © L
= +— Z—>1t Simulation Nt 50015
2 L 1 2 I
<  — Probability function <
0.02 L
F 0.01—
0.01~ 0.005|-
A 1 L
G”\\.I\.\I‘.\ L L. 0“\\\.“\\\‘\
0 0.02 0.04 0.06 0.08 0 0.05 0.1

AB,p [rad]

Arbltrary units

3 prong T decay -

45<p <50 [GeV]
ATLAS Simulation

+— 717 Simulation

—— Probability function
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MSSM A/H/h=>tt2eu+dv  90<m,<450 GeV 1.06 tbt

e SeleCtion uses mﬂeffect
-=1isol. e & Y, pr>10-22 GeV=f(trigger), OS, suppr. Z/y" =21l (e,p), tt, 1-t %700;! el
- MET>thrl : suppr. QCD, Z/y" =21l (e,n) S0 ]

- Prd*Ipr, +MET<120 GeV ==
- |Ap;1|_)e(|e |llj;r>u|2 O } SUppr. tt, 1‘t, WW/WZ/ZZ 3003 18=7TeV, JILdt=.1..[)6|b";

MSSM A/H/h> 1t 11, +3Vv uses M _MMC oG,

e —— m,, effective [GeV]
e Selection

- =1isol. or pu p>25/20 GeV: suppr. ZIy" I, tt, 1t &=
- opposite charge 1,4 p+>20 GeV

- MET>20 GeV : suppr. QCD, Z/y" >l
- m<30 GeV : suppr. W=>1v =0 . I

MMC m_, [GeV] u% m Vi
MSSM A/H/h2> 1Tt 1, Thag T2V T

o Selection

- =2 opposite charge 1,4 P>45/30 GeV : suppr. Z, W, QCD o
- MET>25 GeV : suppr. QCD, Z m -
-vetoe, U 10

Lzt B e T
00 100 200 300

Others
Diboson
QCD multi-jet |

1 & single-t

Events

eV

55 2y () emb.(08-88)
Others(0S-8S)
W-jets (0S-S8)
] Same Sign
at.

\s=ﬂeV,IL=1.06ﬂ>" E

ATLAS Preliminary ]

Events / 15 GeV
o o
o o

!

|\\\O\||\

IS
||\O

\s=7 TeV.ILdl -1.081"
ATLAS Preliminary
,,_, =, v E
400 500 600
m,, visible [GeV]




MSSM A/H/h>t1Deu+dy  90<m, <450 GeV

MSSM A/H/h=> 11211, 4+3v

MSSM A/H/h=2 1121, ThgT 2V

Limits combination

B [
C All channels

-  ==@== Observed CLs
M memees Expected CLs
- EEd t1c
C_J+2c
LEP .
I  ——— ATLAS 36 pb ' observed ,"
ST ATLAS 36/0b ™" expected.”

B
.
.
9"
-
ane

mp'@, u>0

\s=7TeV, J. Ldt = 1.06 fb”

7
)

-// ATLAS Preliminary

%
00 150 200 250 300 350 400 450

m, [GeV]

1.06 tbt
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MSSM
charged Higgs

H*>1,,v W/ 1t [90-160 GeV], 1.03 fb-1, data 2011, ATLAS-CONF-2011-151
H*>1, . j [90-160 GeV], 1.03 fb'l, data 2011, ATLAS-CONF-2011-138
H*->cs, [90-130 GeV], 35 pb, data 2011, ATLAS-CONF-2011-094

H**->p*u* [100-400 GeV], 1.6 fb-1, data 2011, ATLAS-CONF-2011-127
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90<m,<160 GeV  1.03 fb!

e Signature
t>Wb (SM) t>H*b  (beyond SM)
> | v Ls tv  light H+, tan >3 : BR(H*>1tv)>90 %
— Vv s | v...

Ls Iv... SIW) /1(7)
BR(H*=2>1tv=2>l1+v...) =35 %

BRIW-l+v...) =25 % increasestt>1; 2 leptons
Not enough : viable strategy : discriminating variable : m,—>cos 6"=(2m,2)/(m?-m,?)
. 1400 ——— T T F T T ] 120 e e e
° Sel ection %12002_ATLAS Preliminary ILdt =1.0377 &  [ATLAS Prefiminary Jldt: 1.03 b
: S I m,=130GeV It (withH) ] = 1000 — & awith HY) m.. — ]
Production : tt Sroon. BB 10% H0OW) |5 | w0 - 10%
- 1 lepton and 2 leptons channels 800 mZejes | 3 | mzeps
. . - W +jets - - i ]
- >2 jets (# = f(channel), =2 b-jets 600 RN O giggjson 1 sopmares
b Sy = ] o S ]
-for21: m>15GeV & [m-m,[>10 GeV = wod S epaazor O paaon
(suppr. Z) 200- D N R ]
- MET>40 GeV % 0 0 05 o % 40 60 80 100 120 140 160 180
- el channel : T |p| (I, jets) >130 GeV TGt
- cos0'<1 20

Final discriminant : transverse mass



95% C.L. upper bound on Br(t — bH'}

Limits

o
n

0.35
0.3
0.25
0.2
0.15
0.1
0.05

TLAS Preliminary

—e— Observed CLs
-------- Expected
I + 1o
C—+2c

>

o

B(t->bH*) < 5.2-14.1 %

FITTT T T I T T[T T T[T TT T[T T T TTTT

l

L L

T

T

Data 2011\s =7 TeV
_[Ldt -1.03fb" =

TR I PP I B B B P
90 100 110 120 130 140 150 160

m,. [GeV]

90<m, <160 GeV

tan 8

£ ATLAS Preliminary

20F

i

1ol Data 2011 _[Ldt=1_03 i’

= S S A L B B B S S B R B

nﬂwax

----- Expected Limit
B Expected+ o —
Expected + 20
w— Obsarved Limit
— - Observed, + 1o
theor. uncertainties

90 100 110 120

m, M scenario : tan >30-56 excluded
(m, In[90; 140 GeV])

G:.I...I.‘.I...I.‘.

130 140
myy [GeV]
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MSSM HE>1, 4] 90<m,;<140 GeV  1.03 fb'l

* Production mechanism g, V.
Low mass: t=2>H"b %o,
\e@ T
6@” 00001 ;
&
g(6
I
* background
tt, multijets, 1-t, W+ > SN
= e s
% Il Jet—7 misid
« Selection E Wwipe
- >4 (apart T jets) A R
- =1 1 jet (veto second) = B
- veto electron/muon _ , JLotoan’ :
-> 1 b-jet SERERY .
- MET>40 GeV nn :
- Topology consistent w/ t->qgb 0 150 200 250 300 72

-final discriminant variable : m; my [GeV]



MSSM H>1, ] 90<m, <160 GeV  1.03 fb'l

» Measure bkg

Enriched multijets sample

T . loose\ tight & revert b-tagging
fit MET

BR(t->bH*)xBR(H*->tv) : 0.03-0.10 for m,, in[90 ; 160]
m, M scenario : tan 3>22-30 for 22-30 for my, in [90 ; 140]

Qoo T T T T = Q F T 9
. = imi - [ - —
$ ook ATLAS Preliminary 3 & 60: mﬂ“ —— ATLAS Preliminary ]

“F _ - 7 C B Expected+ 1 ]
Josgf Daazon [Lawroaw’ sof e 4
CS 0.1 6;— Expected Limit —; : __.__ 82:&:‘&21 // '
301 4 [ Expected+ 1o o 40— theor. uncertainties —
i0‘125— Expected + 26 _E F ]
I o1b —e— Observed Limit 30— —
@ = D0 Observed E E E
50'085 E 20[~ ]
60‘065— —E F ]
2 004 E 10t Data 2011 ILd1= 1.03f"
80-02—_ = o a

0:..|....|....|....\....|....|....|....|.." 0'..|....|....|‘...|....|....|....|...7Q..‘

90 100 110 120 130 140 150 160 90 100 110 20 130 140 150 %0

my [GeV] m,. [GeV]



MSSM H*->cs

e Production mechanism
Low mass: t=2>H*b

e Signature: 1 lepton, 4 jets

-similar to semi-leptonic tt, apart mjj#my,

90<m, <130 GeV

35 pbt

Increase of tt-—>] due to additional all hadronic decay mode tt>H*bHb

* background
Primary : tt
Secondary : 1-t, W/Z+j, WW, WZ, ZZ, QCD

e selection

- =1 lepton (e, W)

- MET>35/20 GeV (e, W) (suppr. QCD)
-m¢(l ; MET)>thr (suppr. QCD)

- > 4j (suppr. W+j)

->1 b-jet

- Combinatory of jets: kinematic fitter

1

B(t — H'b) with B(H*= c3)

95% CL on

Obser

1
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

0]

ved limits: B=0.25t00.14

ATLAS Preliminary J. L=35pb’

\
Limits at 95% CL.:

=sunus Expected Limit

[ Expected t 1o
Expected + 20

=@== (Observed Limit




NMSSM a,=2 up

0<m_ <12 GeV 39 pbt

m_<2mj : escapes LEP limits; search a, in mass range [6-9]U[11-12] GeV

Selection : 2p OS, 4.5<m <14 GeV

Likelihood ratio : ¢2(up) vertex fit, L isolation

-Pdfsfrom data bkg sdebands signal : Y

E ATLASPreI|m|nary

4' \s_7TeV,JLdt_39pb
10" g

Entries/100 MeV

10°E

10°E

Systematics

Luminosity : 3%

Generator : 60-30 %

Di-muon efficiency : 14 %
Trigger : 10 %

Likelihood ratio modeling : 3 %

ATLAS Prellmlnary
s - 7TeV_[Ldt 39 pb’

Data : Signal with sideband subtraction
: Bad

Normalized Entries
)
e —L
T T

—_
=
n
T

—_
o
w
T

10k

0 5 10 15 20 25 30 35 40I 45 50

Vertex x°/ndf
F T IAITLIASI PI II IIIIIIIII l T T T T | T T T T
Z reliminary J. ]
1600
b E \s=7TeV Ldt=39 pb E
C -
o E
U') o8 —— Observed limit 7
o I
. é gEE=m Expected limit

L ook Elsawhere Effect : 70-90 75



100<m, <400 GeV

* background

-primary : HV, decay-in-flight n/K

-secondary WZ, ZZ, WW
-tertiary : ttW

e selection
- =2 4 same charge

oc(HHXBR(H* 2> urp*)<13-1.6 fb
L eft-Right symmetric model .
If BR(H*-> p*u*)=100%

-exclude H**,
-exclude H**

-
=]
T

HE

ATLAS Prel|m|nary
ILdt =16fb"

10]

E ————  Observed 95% upper limit
E Expected 95% upper limit
P 68% of Pseudo-Experiments
95% of Pseudo-Experiments
SR | eft-handed H™ production, BR{IH™ —ptu®)=100%
AN Righ-handed H production, BR{H=—pu®)=100%
PRI RN T ST RNTEN N S SN NS S S T N SRR T S NN ST S S|
300 350 400

H= mass [GeV]

e

—_
TT T T 7T

o(pp — H™ H*)x BR(H™ — p* %) [fb]

.1 [
1000 150 200 250

<375 GeV
L <295 GeV

B observed 959 CLimit
— Expected 95% CL limit

-------- ATLAS preliminary
ILdI =167 3

T200 250

300
H™ mass [GeV]

3,

Dimuon pairs / 10 GeV

- —
ATLAS Preliminary j Ldt=1.6fb"

T T
* Data
Non-prompt p
[l Diboson
— H* (150 GeV) o
—H;" (200 GeV)
— H (300 GeV) —

10"
. . .
g 4 [T —
[
w® if
a %%%%%%%%%g%7 Aéééi;%%
00 100 150 200 250 300 350
Moy . [GeV]
@ Fa
= 4
o [ observed 952 CLimit =
T — Expected 95% CL limit =
de BN ... Expected limit + 1o
@
m

-
o+
K
.
-
.
.......
-
e
e

.
---------

ATLAS Preliminary
ILdt =161’

RRTR :
250 300
H5" mass [GeV]



Fermiophobic H>yy 110<m;<130 GeV ~ 1.08 fbt

* ggH, ttH non existing=>VBF, WH, ZH
exploits pr,, category to improve sensitivity p;=50 GeV ; 50<p;<100 GeV ; pr>100 GeV

« Deformed inv. mass due to turn-on of high-p;
—>avoid exponentlal shape . uses Bernstein-based polynomlal 2" order

mzm."'w"'w"'|""|" T %10‘3""|""|""|""|" T %45-"'% URELE L LA RSN ]
ATLAS Preliminary ] 3O ggk ATLAS Preliminary G 40F ATLAS Preliminary E
T 180F o = 40 :
E1BG+'II__7TBV Ldt = 1.08 fb” @ 80 E:?Tev,fmnma b 2 s E:?TaV,det:LﬂB fo' 3
[ [~ C F ]
g + ®  Data 2011 ] q::,: T0 ®  [ata 2011 g : ®  [Data 2011
w 1401 Background fit ] w ——— Batkground w 30 ——— Background fit 7
- By +MC Signal m_= 115 GeV' - 60 R MCSIg alm =115 Gelf F cooeee BMg o+ MC Signalm =115 GeV 1
120F . 25¢
C 50 r
100 20f
3 15F
60F 30 :
a0f 20 L
C & 5r
2G: Inwp categary ] 10 m|dp categury E hughp calegcrry
G' [T I AP A ] ok [ETEEE I I A AT I SN A A A G' N ' P I B I N I A A A ]
100 11(} 12{} 130 140 150 16(] 100 11D 12[] 130 140 150 160 100 11{} 120 130 140 150 160
m,, [GeV] m,, [GeV] m,, [GeV]

Drawback of pr,, : turn-on effect on invariant mass. New variable : Pr,
Introduced later on for SM analysis H->yy 77



Fermiophobic H>yy 110<m;<130 GeV ~ 1.08 fbt

Systematics

Production mode (VBF, VH) : 4 % } 390

5% added linearly for EW radiative corrections

Common uncertainties of summer 2011 H->yy analysis (EPS 2011)

Total rate uncertainty : 15 %

Signal invariant mass resolution : same as for EPS note SM

Bkg modelization/spurious signal : deviation of bkg massto fit

—16.5 eventsfor low p; ; £2.2 events for middle p; ; £0.65 events for high p;

| —— Observed limit ATLAS Preliminary
RS Expected limit

N 2011 data, f L=1.081"
10 B - 10 =
- [ Jz20 .

95% CL limit ON o/ Grymiopnonic
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SM4 : 4th generation 110<m;;<600 GeV  1.0-2.3 fb!

Limit on SM4 : 4th generation of fermions

& | ATLAS Preliminary  CLsLimits -
; n — Observed 4™ Generation Model -
2 10F . Expected SE
E E *PEeie I Ldt = 1.0-2.3 fo" 3
= - ERKy ]
d []+26 \s=7TeV i
I S
1) -
(0)) _
107 =
10'2 | | | ] | | 1 | 1 | | 1 ] 1 ‘ | | | 1 ‘ 1 1 1 1 |
200 300 400 500 600

m, [GeV]

Excluded at 95 % : m, : 119-593 GeV
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Individual channels :
(II) SM

Low masses : m,<140 GeV
H->vy ; H>bb; H>1t

Intermediate/high mass : 130-600 GeV
H>WW=2>Ivlv ; H>ZZ->4l

High mass
H>ZZ->Ilvv ; H>ZZ->llqq ; H>WW-=>Inqq
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110<m, <130 GeV  1.04 fb!

W(lv)H(bb) Z(INH(bb)
* Bkg  Bkg
-Primary : tt -Primary : Z+]
-Secondary : 1-t, QCD, W+ -Secondary : tt, QCD, ZZ, WZ

-Tertiary : Z+), WW, WZ, ZZ
-exactly 2 ; b-tagged (suppr. tt)

: -discriminating variable: m
e Salection ; J bb

-exactly 1 isol. lepton (suppr. Z, tt) - =2 OS (apart e) sameflav isol. |, m=m,
-MET>25 GeV (suppr. Z=2>11 ; QCD) (suppr. non Z bkg : tt, QCD)
-{1; MET} comp. w/ W -MET<50 GeV (suppr. tt)
> 220E ATLAS Preimihary AP % 458 ATLASPImmay | s wa 3
'g ?g%: L di=1.0418" :fﬁ?&ﬁwé g 402_ L di=1.04 16" -‘SI_E;%J:S?&}E“}_E
P el =k P —5
E 120 IR 3 5 o

o t 20°

3 E 156 3
s -— ;
2(};— = 55_ = T t—— 1 — = 81
50 100 150 200 250 50 100 150 200 250




H->bb
e Measurement of bkg W+ :

-top : MC, normalization : data sideband m,, & sub. other contrib from data

-QCD : template method, fit MET for normalization

-W+j : data-driven template m; ; substract non-W by MC ; normalization :
sideband fit m,

-Z+] : MC & normalization : fit on data

-WZ/\WW/ZZ : MC

e Measurement of bkg Z+j :
-Z+| : MC, normalization : sidebands m,,, (non Z+j substracted from data)
-ZZ : irreducible: MC (small : difficult to constraint w/ data)
-top : MC, normalization : sidebands m,, & b-tagging criteria
-QCD : echanndl : | : L\T : template m, w/ >2 j
M channel : MC semileptonic bb, cc : negligeable after m,, cut
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110<m, <130 GeV  1.04 fb!

» Dominant systematics "Em‘z“ - 3?'33 ooy [ Loteron s, a7 Tev
-JES: 2-7% g100— T +2 VH,H->Bb

-Jet energy resolution: 5-12% 3 ATEAS Freliminary
-b-tagging eff. : 5-14 % 5 .

-b mistag-rate : 8-12 %
-Muon momentum scale : 2-16 % 40

| | |
130
Higgs mass [GeV]

| | | | | |
120

125

| | | | | | |
110 115

10-20 xSM

Not as competitive as other channels
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110<m, <130 GeV

1.04 fbt

o Systematics
-Detector and rec related systematic

Source of Uncertainty

Treatment in analysis

Jet Energy Scale (JES)

Jet Pile-up Uncertainty
b-quark Energy Scale

Jet Energy Resolution
Electron Selection Efficiency
Electron Trigger Efficiency
Electron Reconstruction Efficiency
Electron Energy Scale
Electron Energy Resolution
Muon Selection Efficiency
Muon Trigger Efficiency
Muon Momentum Scale
Muon Momentum Resolution
b-tagging Efficiency
b-tagging Mis-tag Fraction
Missing Transverse Energy

-Impact on signal yields

-non detector and rec related systematics

Source of Uncertainty

Treatment in analysis

3~ 7% o afuntion of p and ZH WH
ﬁvS‘Viz% Luminosity 3.7% 3.7%
E},? - 3‘}% as a function of pr, 0.4 — 6% as a function of 5 H]EES boson cross-section 5% 5%
0.4 - 1% as a function of 5 Background norm. and shape:
0.7-18% asa leI]FT]OI] of . . To 90 6%
0.1 — 6% as a function of 5, pileup, material effects etc. P
Sampling term 20%, a small constant term has a large variation with 7 Z+jets Qg p]us Shapg ) L
2'21;63% s @ function of pr W+jets negligible 14% plus shapes
2- l6d% rgdepe;]denr sys]»rcrna.ric on gca]ef . e s 11% HEE]]E]b]E
;Pr_ a:14%r.f-ase§efr; HEI;LLE:;(; ::c—n smeanng functions, systematic < w Z 1 1 "-}'{' 1 1 "-}'{'
SAd-d;?iras : fir_lctiton of rﬁ:;a?dn, - WWw negligible 1 1%
Subiract object unceriainies m L4 v
QCD multijets 100% S50%
Source of Uncertainty Effect on ZH — ££bb signal Effect on WH — fvbb signal
my =115GeV  my =130 GeV | mpy = 115GV my = 130 GeV

Electron Energy Scale < 1% < 1% 1% 1 %

Electron Energy Resolution < 1% < 1% 1% 1 %

Muon Momentum Resolution 1% 3% 4% 1 %

Jet Energy 9% 7% 1% 3%

Jet Energy Resolution < 1% < 1% 1% 1%

Missing Transverse Energy 2% 2% 2% 3%

b-tagging Efficiency 16% 17% 169 17%

b-tagging Mis-tag Fraction < 1% < 1% 3% 3%

Electron Efficiency 1% 1% 1% 1%

Muon Efficiency 1% 1% 1% 1% 84

Luminosity 4% 4% 4% 49

Higgs Cross-section 5% 5% 5% 5%




H->bb Prospectives : boosted WH(-> bb)

aternative approach : boosted Higgs : p+(H)>200 GeV

Pr(H)>200 GeV : regj. 95 % signal ; pr(H) 12> Ad|
—>|et substructure technique
Loss of statistics compensated by increase of S/B

Selection : W->1v consistent with p;>200 GeV

Background : > b LT T
: 0] ATLAS Preliminary
Prlmary -1t 2 140 ~ Data ]
. —~ WW .

Secondar Y. W+j ﬁ 120 + ={/\t-l+jets 3
Tertlary , WW 100 det=0.61 !

useful control sample : encouraging
observation of peak at m,, fomtt >Ivbqgb

50 100 150

Jet Mass [GeV]

200 85



H->tt>11+4v 110<m, <140 GeV  1.06 tb

e Selection

- >1 high p; jet <boost of Higgs: increases p-(H)>MET

- MET>thr : suppr. Z/y" =21l (e,n), QCD

- =2 isolated opposite charge leptons (e, 1) : Ng+N =2

- m,>20 GeV (suppr. Y) ; thri<m,<thr2 : suppr. Z/y">ee, pu

- Collinear approximation : low thr<x, ,<high thr

—> neutrinos collinear to charged leptons

- 0.3 <A¢,<2.5: suppr. ZIy">ee, uy, tt

- [n;[>0.5 : to boost Higgs system : jets from tt more central : suppr. tt

- mm>225 GeV Suppl‘ Z/’Y 966 lJ.lJ., TT ABETTTTTTT l,lt\:rILIAsHPI II ARARARDALAARRRRN 3
- 100<m_<150 GeV 3 40f o
S a5,
‘g 30
W 25F
* Bkg
-Primary : ZIy">tt, ZIy 21l 150
-Secondary : tt, 1-t, WW, WZ, ZZ 10F
5F
ot

b""50 100 150 200 250 300 350 400
m.. [GeV]
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H>tt2>1l+4v 110<m, <140 GeV  1.06 tb

« Evauation background

-Zly" > : data-driven : t-embedding technique Z/y" >
-tt, 1-t, Z=2>1l, WW,WZ, ZZ : MC

-tt, Z : confirmed by data w/ Control Regions

-fake leptons : template method

SM
H

o 140 Hott— |l -

\6 - —— Observed CLs -

st 120:— --------- Expected CLs —:

_f_3 - +20 ]

£ 100}- e ]

i s = _ 1

3 gol =TTV J-Ldt_1.06fb E

S - ATLAS Preliminary

S 60 -
40 s
20 -

0: | | I

130 135 140 g7
m,, [GeV]

110 115 120 125



H>tt>I1,+3v 100<m <150 GeV  1.06 fb!

o Selection

-=1isol. or 4 ; pr>25 GeV/20 GeV: suppr. ZIy 211 (eW), tt, 1-t
- opposite charge 1,4

- MET>20 GeV : suppr. QCD, Z/y* 21l (e,n) uses m._Mmc
- m;<30 GeV : suppr. W lv ‘ -

- | | L ‘ | I | T | L .
90:_ et + ut channels =

—— Observed ClLs
E e Expected CLs
70 + 2s

b t1s E

Is=7TeV, f Ldt=1.06 fb"

H

SM
—_
o
o

95% CL. limitonoc /o
»
=

ATLAS Preliminary

100 11 120 130 140 150
88

m, [GeV]



H>WW-lvqq 240<m, <600 GeV  1.04 fb’l

 Bkg
-primary : W+j
-secondary : Z+|, QCD, top, dibosons (\WW, WZ, ZZ)

e Sdection

- =1 isolated lepton (e/p) ; veto 2 leptons : statistically independant of H>ZZ->1lvv
- MET>30 GeV

- =2/3 jets (H+0j / H+1))

- veto b-jets (suppr. top)

- My=my

e final discriminant : my,qq ; M,=my
—>good relative resolution

% 105 |||||||||||||||||||||||||||||||||| | TT 1T | TTTT | TT T T
( ] Signal (x 2.7) 3
(O] 4
pet ILdt=1,04fb my, = 400 GeV
Y] 5 ]
5 10 ATLAS * Data
= H—s Iv qq + O/ jet top E
210 i TTJ v WiZsjets -
w Ne=rte N Multi-jet §
10° I Dibosons
10?

—
o

1 B R W PO TR W) W wrerey PTG I 89
200 250 300 350 400 450 500 550 600 650 700
M(lv gg)[GeV]




H->WW->lvqq

« Evauation background
-QCD : loosen electron identification & invert isolation 4

e Systematicssignal

Objet reco ; dominant : JES, resolution

95% CL limit on o/G(SM)

Limits:
likel

= IR B N B IR i
10}

1_ ATLAS Ho Iv jj + 0/1 jet i
E e Expected ]
- \s=7 TeV IIII+10
i y [ J+2¢

o'l | Lat=1.04 b e Observed _

\ll\l

:| I I I | 1| Il ‘ L1 | 1 I | 1
250 300 350 400

1| ‘ 1| 1| I | |:
450 500 550 600

m [GeV]

240<m, <600 GeV

Ihood fit to exponential decreasing bkg+signal template

1.04 fbt
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H>ZZ>1lqq 200<m,,<600 GeV  2.05 fbl

Higher BR than 4l channdl (x21), but less clean (jets)

Z on-shell : reduces background
 Bkg

-primary : Z+j
-secondary : ft :
tertiary : ZZ, WZ

o Selection
 same-flavor di-lepton, m,, compatible with m,
-muons : OS
-electrons : not requested : bremsstrahlung
* 22 j, m=m,
e MET<50 GeV : suppr. tt
* large Higgsmass: Z boosted : A¢<thr ; Ag;<thr

o Categorization of b-jets: 2 b-jets ; <2 b-jets
dominant Z+jets : b rare : = 2% (b-pdf from proton)
O(20%) signal contains b-jets g yo



H>ZZ>1lqq 200<m,,<600 GeV  2.05 fbl

» Background from control samples:
-Z+]ets: MC (10 % less than data), scale factor from data (sidebands m;#Z peak)
-tt : MC, scale factor from data : sidebands m,#Z peak
-ZZ irreducible : difficult to constraint : Z+j contamination & signal inCR : MC
-WZ, W+ : MC
-QCD multijets: e: relax leptonid ; normalization : multicomponent fit to m,,
U ppt c ABCD isolation; my,, wrt Z
, W+jets : sidebands with m;;, my, reversed cuts

Jl
-WW/WZ/ZZ . MC, uncertainty 15 %

e Final discriminant : m e Limits: btw 1.2 and 12xSM
4

E 000 ATLAS Preliminary " o [ szos' & 20" ATLAS Prelminary ' —— Observed -

© 35005 -(Sri]grlazloxogew = g 3 J Lat=2.05fb", Ys=TTeV 2 rpectes E

Sll § — Total Background § 'E 16? H—Z7Z | - t 1o E

< 3000 —z = = 14n 9 [ J+2 =

- — To C .

€ 25005 " Diboson 3 S 12 E

@ 2000 = & 10 E

1500F = 2:— E
1000 E AF
500F = oF

0:--"'-'-rJ—~-'----'u- 3 OE.|‘..‘|H.‘\.‘..|..‘.\‘.H|‘..‘|.‘.‘\.H.|.: 92
100 200 300 400 500 600 700 800 900 200 250 300 350 400 450 500 550 600

m"jj [G eV] mH [G EV]



H>ZZ->Ilvv 200<m <600 GeV  2.05 fb!

Higher BR than 4l channel (x6), but less clean (MET)
contrib of HS>WW-= [vlv Z on-shell : reduces background

Statistical independance from mutual exclusion in selection (#, m,, MET,
etc.)Bkg

-primary : Z+j
-secondary : top, W, QCD

e Selection
« same-flavor OS leptons, m,, compatible with m, : suppr. top, W, QCD

MET>m(,) ; Adp(vector p,vector p;™%)>0.3 : suppr. fake MET

Veto >1 b-jet : suppr. top

large Higgs mass : Z boosted : A, <f(my)

high mass : additive cut : Ap(vector p;™ss, vector p;')>thr

Frrrrrrrrrrrr o
- ATLAS Preliminary \s =7 TeV -
1001 H s 27 — v . dataj Ldt=2051" ]

Events / 30 GeV

 Final discriminating variable
My

m; [GeV]



H>ZZ->Ilvv 200<m, <600 GeV  2.05 fb!

e Limits:
Exclusion at 95 % CL :
m,, : [310 ; 470] GeV

E 1T T 1 1T T 1 | L I UL I 1T 1T 1 I 1T T 1 I LI I T 171 I I

o 8:— ATLAS P Preliminary —— Observed =
B - .
c 7 '[Ldt=2.05fb' N\s=7TeV T Expected E
- - ERS .
- 6— H—=ZZ-lvy -
j - + 20 ]
O 5 —
R - -
& 4 -
3F —

2 =

0 :I I 1 11 1 I 1 1 1 1 I L1 1 1 I L1 1 1 I 1 11 1 I 1 11 1 I L1 1 1 I L1 1 1 I I:

200 250 300 350 400 450 500 550 600
m,, [GeV] 94



Run 167776, Event 129360643
Time 2010-10-28 10:41:18 CET




Trigger for H>vyy

EF 2920 loose: L1 EM14 : coarse elmg calorimeter granularity ; pT>14
GeV on each photon
EF : full elmg calorimeter granularity ; photon loose identification

Efficienty measurement bootstrap method :

o Fff EF 2920 |oose— eff EF g20 | oos;eI eadxeff EF g20 | ooseSub

—affEF 920 loose —affEF 920 loose L1
« Eff=eff=r9o- tight photon_eff I leeff MinBias

L1:L1 EM14 (D-K) ;L1 EM12 (L-M) (L1 EM14 prescaled)

Systematics : diff eff. MC H->yy & fake photons from dijets selection
Difference btw tag & probe and pseudo tag & probe (<=>no inv. mass cut)
Select one tight photon passing cuts=tag

Other = probe ; require m, compatible with m,

Max of difference between methods : systematics
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Prospects: g30 g20 loose
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Resolution H->yy

Atlas CMS
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2x2D sideband method (old one) &>

_— P i considered
uality v . 1
o reandicae control region (bkg)  for the nominal
N o measurement
R
MA AN ME
- Background s//v Background
2 - Y feskasec, enriched y+X region (yy+yj)
Iea.kaglalc2
_ Signal +Background Background NASlg #Sgna| In NA
% NA NE .
. >
loakagec, auatty 3, 2Ny candidate (13: T & 1)
Calo Isolated (1) Calo Non Isolated (1) Calo Isolation s
control region (bkg) s - N o
o Background s /’ Background
. . . Z \ eakage c'3
er]rl Ched yy regl On (and Jet y) . leakage t:'2 \
- N @
, . . , o Signal + Background Background
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Introduction to improved 2x2D method

*Remembrance of standard 2x2D method : sequential subdivision

Non-
Tight 1

Tight 1

Isolated 1 Non-Isolated 1
1\Jlﬁ_\\TI = b
Tight 2 C A D B
Tight2 | A’ B’

[so 2 Non-Iso 2

8 regions to count events
but 7 independent regions

—>additional MC input :
asymmelry parameter :
a:va/ (NjY+NYj)

simproved 2x2D method : simultaneous subdivision = 4x4=16 regions

Reduce systematics
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lmproved 2x2D method

same but different view

502 Non-Iso 2 (for pedagogy purpose only)
Non-
Non- CC - | Tight 2 Non- viﬁD CD|BD Dl])i
Tight 1 B [solated 2 [ L
CA Tight 2 AB|CB| BB | DB
AC r?ozrdehrefl In plane A%C(ﬁp BC | DC
Tight 1 Ol £ pnotons [solated 2 ’ —
AA AA |CA | BA | DA
'\‘/'\‘/ ’\‘/’\‘/ [1 L1 ,"\,"
[solated 1 = Non-Isolated 1 [solated 1 Non-Isolated 1

*neglect different fake rate for jetsin jj and vj/jy

-2 2x2D sidebandsNon- Non-

right1| CA| DA| 71ign2| AC| AD

Tight 1 AA BA Tight 2 AA AB
L eakages from MC

Isolated 1 Non-Isolated Isolated 2 Non-Isolated 2



Deduce fakeratesf,, f, : Prob true Loose’ jet to passisolation cut
Eff for true tight identified photon to pasisolation cut : €,, ¢,

4x4 matrix (N=Non-Isolated ; |=Isolated)

Nyt €162 €12 he N N]?
Niv | £1(1—&) £ (1—1) fH(l—&) fHi(l=/2) Ny T
Nyio | (1—-& )& (1—-&)f2 (1-f)e (I-hH)f N/
Nyn (1-g)(1-&) (1-g)(l-f) (I-A)1-8&) (1=-AH)1-1) NIT

rrr 1T

Deduceyieldsin TITI regions AR

u y eg NTITI — ¢ f NTT

vio T SN2y

rrir 1T

Njy"" = hehNj

TIri 1T

Njj~ = JiuaNj
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