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outline

ATLAS Detector
SM Higgs production and decay

SM Higgs searches

— H2vy

— Associated production H>bb-bar
— H=>T1t

— H>WWE)2 |vlv

— H>WW-=>Ivqqg

— H>ZZ~>llqq

— H>ZZ->llvv

— H>zz%)-> 1l

SM Higgs Combination
MSSM Higgs searches
— top—=2H*b—>csbar b

— H/A/a =>tt

NMSSM H = uu
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Muon Spectrometer: |n|<2.7

Air-core toroids and gas-based EM Calorimeter: |n|<3.2
muon chambers o/p; = 2% @ 50 Pb-LAr Accordion 6/E=10% VE®0.7%

GeV to 10% @ 1TeV (ID+MS)

The ATLAS detector

Inner Detector: |n|<2.5,
B=2T, Si pixels/strips and
Trans. Rad. Det.; o/pT =
0.05% pT (GeV) © 1%
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Hadronic calorimeter: |n|<1.7
Fe/scintillator 1.3<|n|<4.9 Cu/
W-LAr; o/Ejet= 50%/VE © 3%
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ATLAS Data Taking in 2011

= A B I B L L B 1 11 « NV o
o 103% ATLAS Online Luminosity \s=7TeV Qf Data taklng efﬁCIency' 95A’
E 102 [ LHC Delivered 4 ATLAS
m E E L [ L3
£ 1o [ JATLAS Recorded b Relative fraction of good quality data
3L e - - delivery by the various ATLAS
2 10k 3 subsystems: between 90 and 100%
> = E - F | | | | T
E 102 ~ 8 70 ATLAS Online 2011,\s=7 TeV _[Ldt=2.39 fo' =
T = 3 £ C 7
g 10°F E g L =62 -
P S R BRI BRI R B B T 40 =
24/02 25/03 23/04 22/05 20/06 19/07 17/08 15/09 T f .
Day in 2011 g F E
. 20 =
Pile-up challenge: - -
1k 10 -
* 50 ns bunch trains for ~all 2011 data b A T
a . - . 0 2 4 6 8 10 12 14
ntial in- an -of-time pileup: p =
9 Substantia and out O. " . € plieup: | 6 Mean Number of Interactions per Crossing
* Much progress understanding impact on
performance, with data & simulation Luminosity-weighted distribution of the
 Continuing detailed performance studies in mean number of interactions per
presence of high pile-up crossing for 2011.
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SM Higgs production at the LHC
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Gluon fusion is the dominant mechanism for
Higgs production at present hadron colliders

— At LHC this is x10 higher than at Tevatron!

Associated production is also important: qgH,
VH, ttH
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Branching ratios
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Higgs cross-sections

H->vyy: rare channel, but the

L=1.1fb! = 10¢ - ' ———3

best for low mass 2 = (s=7Tev v
H>WwW®): c
= AR —_g

— =lvlv: very important in the X 1t i

intermediate mass range ~ L=1.7 fb* E o
— -2 lvqq: highest rate, 107°E 7N —" :
important at high mass L=1.0 fb' ; "‘\ 2Z 5 AN ]

H->ZzzZ): 102k ‘ ZZ - W

— =2 4]: golden channel L~22fb? \ S o ke

— =2 llvv: good for high mass  |L=1.0 fbl 10'3E VBE H = 11 |l= T

— - llbb: also high mass L=10 fb-l 7 A L
H->tt: good signal/ 103700 200 300 400 500
background, important at low | =1 1 2 M, [GeV]
mass, rare

Associated prod. H= bb =10 fb Events expected to be produced with L=1 fb™*
i rod. —1.0 fb-
=, W, 24
usef 120 127 15 43

— It is useful for the discovery

— Itis very important for Higgs 150 390 4.6 16
property studies if SM Higgs
is discovered 300 89 3.8 0.04
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o (pb)

Signal-to-Background Ratio

10||||[||Il||||||ll||||||l|Il.l.lllllllIIIIk‘L.lllrlllll
10 dijet > 8 GeV
Jet (p, ) measurements of “EW* backgrounds
9 .. — =
107 multijet background: 2 F ATLAS
8 . . W+ W_ — - I?ata 2010 s =7 TiV)
10 ° estimation from data ’ T O Jeecyerer
107 and/or found to be negligible = T e
= E e
= =
10 ¢ < b e
5 10°E — woen T
10 31; . e x oo oo Phemxw e
10 Wiolv o ! Js [Tev]
10 3 yASES || = L ATLAS
2 tt . Zh* B TE et
10 T 7 Slngle t Y -):T - A e e
- WW W7 - = C ! SRl T
10 ) = -
W T R ¥ oo . bt
H—\\ \\ R l\'l\. cﬁ E 28 + CDF Z/‘,-"aeellfu (66 :n1w<116\(13)ev)
- NNLO QCD DO Z/y"—ee (75<m_ <105 GeV)
T . Ziv* (D) e UA1ZIyv"—ee (m>70GeV)
o Ziv* (PP) 2 ATl =D GeV)
10~ :—' | ) v |.|Az Zivy > ee (ln_GT?’: u‘-,—\/l]
‘ = | 10
s [TeV]
= C e ATLAS - NLOQCD (pp) | ' ' .
-4 | | | | | | | | | T - (29pb) Approx. NNLO (pp)
0 N T T T T T I T N | ||||-|||| [ A . o 102 __v grv:spb_1) :__:-_ :LOOC)J(CIE‘)’:@( 5 ,—_'.f‘-"'l':-.—":i':::-'”
100 110 120 130 140 150 160 170 180 190 200 E - cOF prre R
. (GeV) - 4 Do
1 B
< 1 detectable Higgs N
=¥
boson per 1012 top pairs [/
1 1 *

collisions
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ATLAS Projections for Higgs Searchesib
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ATLAS Preliminary (Simulation) / | |-

: : --®@4: 506 Vs=7 TeV . —o— so\s=sitev . || ATLAS
A I - - M BONTET Ty e 30\fS =8 Ty

--A4 95% CLNS=7 TeV-~ Pt 950% CL\5=8 Tev

150 200 300 400 500
my [GeV]

With ~ 4fb1 we could exclude down to LEP limit

but hope instead for discovery

Ketevi A. Assamagan - BSMLHC ICTP-
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H—2>vy

O small BR (about 0.002)
O decay due to W and top loops
O clean 2-y signature

Irreducible background: pp=2>yy + X ) %y
............................... 107§
. VWY MWW 8 sttt WM ; .

Higgs to 2y decay

o0 =0.04 pb

o (pb)
—
o}
—

a amVAVAVAVAVE gqu 9.000000 Y ol
! qgbar, gg 0 = 21 pb oL R
Born  Bremsstrahlung Box diagram gg o= 8pb ')
O(OLZ) O(OLSOLZ) O(azsaz) lo:;
Theoretical uncertainty: ~ 25 % (NLO: 20%) S| R
i = 5 105
a 0000008 1 AV AVAVAY VR P rereTe TR g Y'Jet 0=1.8x10 pb :: .
jet-jet 0= 4.8 x 108 pb y
q LAVAAY 620009

q g Y ir

y-jet need rejection R~O(10%)

Reducible background: pp—2>vij, jj+ X
S PRl jet-jet need rejection R~0O(10 7)

Ola,at) O(a,a1) O(a,at) Main background is from leadin, R ~0(8000)
Theoretical uncertainty: ~ 30% (dominated by NLO cross-section)
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H—2>vy — event selection

e Very simple signature (and ATLAS

ana|ysi5) ‘}/ Sampling 3
 Photon identification based Sampling 2
ooth on lateral and

) ) . Sampling 1
ongitudinal segmentation of I

the Electromagnetic I °reshower
calorimeter —0

 Two high-quality isolated high- J‘L’ oring 2011
pr photons Tt

— pr, >40GeV; py,>25 GeV

_ ||’]12| <1.37and 1.52< |n12|
<2.37




H->yy — mass reconstruction

Mass reconstruction 7o,

/

m? = 2P,P,(1-cosV) = P,P,9? /’ >

/ -

dm/m = (1/V2)(dP/P) ® 89/9 ,/é_ ,,,,,,,, P2 \

e Energy resolution contribution 6p = 1.3
GeV \ 1.- Measure

\ photon direction

— Energy scale calibration from Z—2>e'*e- \

* Interaction point spread: o(z) =5.6cm~> T kZDeducezofPV
Sm () = 1.4 GeV |

e Resolution with pointing: o(z) = 1.5 cm

T
_ ATLAS Preliminary j,_dl:1.08fb-1 -

~ - Data 2011

Entries
n
o
=)

Vs =7 TeV

> R R R L R R RN LR RN LR 150:_DMC(W}
&5 - %ATLAS Simulation Preliminary - ) . ) B
2 oaf 44 - Distribution of oof
C i 4 - - E
g oos- ' 7 simulated my; = 120 :
= C ¥ ] . L
S o.08f : 4 GeV Higgs events; 6 sof- .
= L E: . 5 C
0.04F ' 4 (m) ~ 1.7 GeV (using y
- ¥ -1 . .
0.02E ' | ] 2010 Callbratlon) —QSO -100 -50 0 50 100 150
E s * E AZCa\oPointing [mm]
[V T3 T TR IO I o gglm"ﬁﬁ[ae"vh'] 5 Azlz = ZYI — Zy2; AZIZ ~3 cm,
Ketevi A. Assamagan - BSMLHC ICTP- > 8ZW ~ 1.5 cm; o

Trieste, September 2011



dN/dm,, [GeV'

H—2>vyy — results ===

Measure the SM background using  sinsg et

control samples

— analyze photon isolation and
identification criteria (loose-tight) to
extract the yy, yj, and jj components  ingg photen
Perform the analysis of the data
classifying the events in 5 categories

Leading Py photon

ails

Cantral

MB

Canfrol nagion

passes

NB

Cenrol ragion

— these are based on the direction of
the photons in n and on whether
they are converted-unconverted

Idantification cut

200 T T T

e

150

100

50

ATLAS

—e— Data 2011

\'s=7TeV, [ Ldt = 1.08 fb” vy

Cvi+iy

I i
4—-—0—|_F R DY

—}— Statistical error

_’_I_'_ —}— Total error

z’

Subleading R photon
fails

Subleading 8 photon
passes

150 160
m,, [GeV]

Ketevi A. Assamagan - BSMLHC ICTP-
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10 15 20

25 30 35
E= (v)[GeV]

Subleading Py photon

Centol ragion

E, sl [T,-] [GeV]
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Associated production H>bb

ATLAS
e The decay of the SM Higgs boson to bb final states is of
particular importance as it is one of the few channels
that offer experimentally the possibility of measuring
directly Higgs to quark couplings;

e |t may play also an important role in the search of this
boson in the low mass region

e |tisthe dominant decay mode at low mass, but the
QCD jet background makes this search impossible in
the inclusive channel, while it is very promising in the
production in association with W,Z and ttbar

Ketevi A. Assamagan - BSMLHC ICTP-

Trieste, September 2011 14



W,Z+H—>bb — event selection

e Select events with Z or W boson in the leptonic final state (used
also to trigger the event), and with exactly twob-tagged jets with
pP>25 GeV

e Backgrounds:

SM

I —e— Observed (CLs)

=
o

— WHjets, Z+b-jets, top, QCD jets  g12op Expected (CLs) J-Ldt=1.04 b, \s=7 TeV
§ [ El:w

- T T T T T T |l T 7 T T T T T T T T T T - = [ VH, H bb
=  45F ATLAS Preliminary H e et = g100- C—J£2 obb

2 'f Signalx 20 7 = L ATLAS Preliminary
O 40 _[ L dt=1.04 fb B Sig = 3
o - (m =115 GeV) .
- H 4 O 80
e 35K — Total BG § B
@ —Z o L
'f:j 30 — Top 60—
TR —— Diboson [

s
;;..—HI........

T T T S AT Y S S N | l |

E ’ ! I I_;_|_K . : : i e * l_l I : I . 1 L 1 1L L 1 1 L 1
% 50 100 150 _ 200 250 o 113 =2 Hidgs Fass oY)

[GeV]

Expected (dashed) and observed (solid line) exclusion
o limits for the VH(->bb) channels combined.
The invariant mass, my,, for ZH->1lbb, for Exclude 10-20 x SM prediction

my=115 GeV; The signal distribution o
enhanced by a factor of 20 for visibility. Improve the sensitivity to H->bb decays by

looking to events with boosted jet pairs
Ketevi A. Assamagan - BSMLHC ICTP-
Trieste, September 2011
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Jets /10 GeV

W,Z+H—>bb — boosted Higgs

Improve the sensitivity to H->bb decays by looking to events with boosted jet
pairs

— For p;">200 GeV it represents only a 5% of the total yield but the background is strongly = ATLAS
suppressed

Reconstruct “fat” jets, using algorithms with cone sizes as large as R=1.2

Analyse the structure of this jet, and reconstruct sub-jets with smaller R sizes; use
these re-clustered jets to reconstruct the jet system invariant mass

b b
[¢] —_—
/{( mass drop

R’ ATLAS Preliminary jet mass distribution of subjets with p>180 GeV
b mww in events consistent with a WH->1vbb boson

“5 + R decay with p>200 GeV. The distribution 1s

e fadf=0-61 T compared to the uncorrected MC simulation

prediction for ttbar, W+jets and WW processes.

The observed peak is consistent with W=>jj
decays; proof of principle in real data for future

150 200 Higgs to b-final states analyses
Jet Mass [GeV]

Ketevi A. Assamagan - BSMLHC ICTP- 16
Trieste, September 2011



H=>tt

Promising channel for SM Higgs searches in the mass
range m,=110-140 GeV

— The VBF production offer the advantage of a small
background, at the price of a low signal production rate ATLAS

Three classes of final states, depending on the t-decay:
— lepton-lepton, Il (I=e, w)
— lepton-hadron, |h
— hadron-hadron, hh

ATLAS has studied the |l and |h final states

Most important backgrounds:
— Z/y* 2 Il + jets (=>71tis largely irreducible); W—2>1u + jets;
dibosons, ttbar and single top, QCD jets
Selection for Il:
— 2e,or 2por lelp with p;# > 15 GeV [n®[<2.47; p;* > 10 GeV
|n*|<2.5; opposite charge required Puis1.2
— Atleast 1 jet with pJ > 40 GeV |ni|<4.5; X1,2 =
— E;Mss > 30 GeV for 2e and 2y, > 20 for lelp

Il final state: reconstruct the tau momentum in the
collinear approximation

(Puis1.2 + Pmis1.2)

My =
Apply dilepton invariant mass and topological cuts v VA1X2
=>» Study the tau-tau invariant mass Collinear approximation

Ketevi A. Assamagan - BSMLHC ICTP-

Trieste, September 2011 v



H=>tt

B it ey manesaosapons ingatiane: | o
3 40 4 [totosm® EE— . Systematic uncertainties:
3 i Sk " .
= 35 - = e Dominated by the Jet Energy Scale (JES)
5 30 L "~ . * Important contribution also from E;Ms
i-2si = e e 0. v
EDE EI‘]DDfIlIIIIlIIIIIIII TTTT IIII|II:
5 £ gof Hom E
19 © gob — Observed CLs E
10| o E Expected CLs 3
: 1 E T0F  ins E
. ) : - ~ 60F W +1s =
50 100 150 200 250 3|:m 350 400 O of . E
. [GeV] 2 7UF =7TeV, | Ldt=1061" ]
e 4ﬂ§_ ATLAS Preliminary E
; . fi 11 d 30t -
m_ . 1nvariant mass after all cuts ee, up and ep of ]
channels. The QCD jets, W+jets and Z/y—=2> t+1— : :
contributions are estimated from data. All other D; ]
10

contributions are estimated using simulated event 0110 120 130 140 150

m., [GeV]
s, T H

Expected and observed 95% C.L. exclusion
limits for neutral Higgs boson production
in the SM as a function of m,,.

observed
expected 47.4+3.9
gg~>H(120 GeV) 0.44+0.05

VBF H(120 GeV) 0.38£0.02 18



H>WW 21l (I=e,u)

The most sensitive process for 130 < m, < 200 GeV

But also one of the most challenging channels: complete
reconstruction of the invariant mass of this final system not possible

Largest background is the irreducible WW SM production

— But also Drell-Yan and top process when looking to final states associated
to one jet

Select events with two high-p; opposite sign leptons and large
transverse missing energy (E;™)

pT leading, GeV

pT subleading, GeV 20 15 e:15, u:20
Etmiss,rel 40 40 25
4
Emiss if Ag > /2

Efta =14 EBS.sinA¢  ifAg < /2
A¢ = min(AG(ERIss ¢), Ag(ERIss j))

Ketevi A. Assamagan - BSMLHC ICTP-
Trieste, September 2011
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Entries / 4 GeV

Data / MC

H->WWU)=>|vlv — event selection

ST
103 ATLAS Preliminary bata 2= SM (75 st
10 L I wWw [ WZZDWy

1075 VE=7TeV, | Ldt=1701" 5 [ singleTop
106 HWW-evev [ Z+jets [ Wejets

[ H[150]

l

BT % I TT ﬂ

f

ll
LT,

0.55
0] 20 40 60 80 100120140160180 200

Entries / 4 GeV

Data / MC

———
ATLAS Preliminary e Data %% SM(sys @ stay

5
10 . B ww [ wWZzzwy
) Vs=7TeV, | Ldt=17010" ¢ [ singieTop
10 H-WW-—evuy B Z+jets [ Wjets
[ H[150]

1’ P F isii 8224 35*1 % +T I I i
F o T f? ;T p

0.5E
0 20 40 60 80 100 120 140 160180 20

Data/MC

Entries / 4 GeV

g"'|"‘|"'|_"_'|""""'
1 Os ATLAS Preliminary
137 Ns=7TeV, | Ldt=1.700" E:’W
1 03 H-WW— vy

10°
104
10°
10°
10
1
10"
1020 W b
ETTTTTETTTITETrITTICTITTorIIIoorIT

1.5F
1o

[Iw [150]

L [ )
05 e T T .‘.\II.I. .|...|..‘:
0O 20 40 60 80 100 120 140 160 180 200

Efrar [GeV] Effer [GeV]
Distributions of E;™rel after lepton p cuts
WW Zy* + jets it tWithjtgh  WZ[ZZ/Wy Total Bkg. Observed
:::; ;; ]l%(é?,:: 1,380+ 100 970,000 +70,000 6,200+600 630+70 1,200+ 100 970,000 + 70,000 | 997813
Iz —mgl > 15GeV | 1,220+80  91,000+7,000 5,500 £600 560+ 60 9249 08,000+ 7,000 | 104253
Emiss 660 + 50 300 + 200 2,700 £300 310+ 40 28 + 4 4,000 + 500 4051

Data/MC agreement at this stage better than 10%, within systematic uncertainties

Ketevi A. Assamagan - BSMLHC ICTP-
Trieste, September 2011
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H->WWU)>1lvlv — event selection ¥

 After E™s  cut, divide the events in two
categories:

1. Events with 1 jet with p;>25 GeV and |n|<4.5;
2. Events with no jets
* Apply topological cuts (p;", Ap")

* Reconstruct the transverse mass m; and apply
the cut 0.75xm_ <m;<m

Ilr i . 7 .
mT = ‘I!'I.-"I (E%{ + E.%”hh]z — fP{TE 1 P%‘llhh}z

Ketevi A. Assamagan - BSMLHC ICTP-
Trieste, September 2011
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Entries / 0.31 rad

Data/MC

Entries / 0.31 rad

Data/MC

H->WW!) = |vlv — event selection

8O0E" ATLAS Preliminary | « ous - swiioss | g
70§@=7Tev,[Lat=w0m" ng E;“j’;ﬁ?ﬁ; ER:
S0 HoWWsivy + 0 Jets [ zeiots [0 Wafets 3 Z
E [ HI150] i
50F ) 3 2
E 3 [=
40 O'Jet 4 W
LSS L SO UL L0 . O
. : } I =
1 a
! ]
L) e e e e v it s
0 0.5 1 15 2 2.5 3
Ao(ll) [rad]
ATLAS Preliﬁ1inary " e oaa 2 Msosa) 'é E
\IE:TTQV,J.LGT:‘L?DTD" ng Eﬂﬂ; =
H—-WW—lviv + 1 jet [ Z+ets [] W+iets =
[ HDs0 [7:)
q .2
18

1-jet

oF T T o
1,50 L ERS
S ] £
|E I 1 T E [m)]
0.5_| TN T A T Y T N T S I 7_|_
0 0.5 1 15 2 2.5 3

An(ll) [rad]
dilepton azimuthal angle
after p!! and m' cuts

A5EATLAS Preliminary  » can 22 e wsast |
il WZZIW -
40; WE=7Tev, | Lat=1.70m" E‘gw ESinglaTc;: 3
355 HoWw—vlv + 0 jets [ Z+jets [T] Wets (data driven)—|
= [ H[s0] =
30= E
25¢ + O-jet -
20= + 3
55 =
105 3
e E
2_ T
150 - % =
1 % 1 }
0.5:—.1..---.--1..”%‘...........‘ e S e I
60 80 100 120 140 160 180 200 220 240
M; [GeV]
18 ‘

N N——
F ATLASPreliminary =~ e Data 2 SM (s @ staf)

[ E WW WZZZW
165 E=7TeV, | Ldt=170m" EE Esmg|em:

14 H=WW=ivly + 1 jet [ Z+jets [] Wets (data driven
C E] H[150] =
12E E
10F E
8= =
6 3
4 =
2= E
1.5 - l ! E
1; . T J
0.5__|'—| L1 | I | I | I 1 T I I 17177 T T T ] I__
60 80 100 120 140 160 180 200 220 240
M, [GeV]

Transverse mass after all

cuts (except my itself)

Ketevi A. Assamagan - BSMLHC ICTP-
Trieste, September 2011

ATLAS

Final selection, optimized for m, ;=150 GeV

436 2.2+1.4 5319 70 34+7

0-jet

1-jet 102 6.9+1.9 234 23 12+3
Event yield after full selection, in data
and MC (W+jets estimated with data
driven methods). The cuts are here
optimized to select m_ ;=150 GeV Higgs

decays.

22



H>WWU)>Ivlv — background estimate

Background estimate from data in counting experiment is
essential

In the current version of this analysis we estimate from data the
two largest backgrounds, namely those from WW and top

— Approach:
e Define control regions rich in WW or top backgrounds and measure this
backgrounds in data

e Extrapolate this measurement to the signal region(s) using MC shapes
W+ jets entirely determined from data

Remaining backgrounds (smaller) are taken from MC
— Apply scale factor to Drell-Yan for potential E;™* mis-modelling

Control MC Observed
Region expectation

= LT L T\"' 'LIf’ _
Nio=ax N>, = CR  WWoe 250+50 237
” ‘: WW 1-jet 139+18 144
Top 1-jet 350+100 316
Ketevi A. Assamagan - BSMLHC ICTP- 23
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H->WWU) > |vlv — exclusion limit

= L P NS B AL LA B L I R

% ATLAS Preliminar CLs Limits :
B 107 ! ) =  H+ 0-jet and H+1-jet bins ATLAS
S - — Observed HOWW Siviv - 3
E i — Expected J‘ Ldt=1.7fb"’ 7 The expected (dashed) and observed (solid)
k= - [+1c 7 o .. .
— e 95% C.L. upper limits on the cross-section,
— 10 |:|+20 \s=7TeV — - ]
&) = - 3 normalized to the SM cross-section, as a
S b 1 function of the Higgs boson mass.
@ - -~ (the jump in the expected and observed limits at

T— Bl _| 220 GeV is due to the change in the selection at
- 1 that point)

107950140 160 180 200 220 240 260 280 300
m,, [GeV]
Since EPS (July 215Y): improvements in the analysis (new b-tagging algorithm, cut
optimization for m;>220 GeV) + additional data
A Standard Model Higgs boson with 154<m <186 GeV is excluded at 95% C.L.
— Expected exclusion mass range is 135<m ;<196 GeV
— The observed limit is within 2o of the expected one in the mass range 130 — 150 GeV

Ketevi A. Assamagan - BSMLHC ICTP-
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H>WW=>lvqgq (lI=e,u)

e The channel H>WW->lvqq offers at large values of nfiItAS
acceptable signal/background ratio.

* Search performed in the mass region 240<m;<600 GeV
* Selection:

— Exactly one lepton (e or p) with p;>30 GeV;

— E;Mss > 30 GeV

— Exactly two or exactly three jets with p;>30 GeV in |n|<4.5
(Higgs + O-jet and H + 1-jet bins) with one pair fulfilling
71<m;<91 GeV

— Constrain m, = m,,, and m; = m,,. Then, reconstruct the
my,qq INVariant mass

— Search for peak in the my, ..

Ketevi A. Assamagan - BSMLHC ICTP-
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H>WW-=>Ivgqg

>2400F T T T T T T T T T T[T g
> SRR 82200:— - =
S 4000:_ [Signal (x 100) LO 20005_ l Di‘fza‘l‘gé g)eo\)//cz —E
S . m,, = 400 GeV/c? Ry = e Data 3
hly 3500:_ i . ::)ata = » 1800F -+ top =
175} r o) . -— - . -
€ 3000 WZ+jets = § 1600F = -\,f,,vlljlztﬂzis =

= W Multi-jet 3 = : E
Lﬁ 2500L B Dibosons E L 1400: Il Dibosons -
- . 1200F . : =
2000F = H—lvqag+0jet 10008 ® T A vag s Tt =
E -~ 3 = _
15001 ATLAS Preliminary; 800; -_ ATLAS Pre"m'”"_’}r%
1000k - [Ldt=1.041b" 3 600 . JLat=10417 -
- - Us = 7 TeV E 400;_ - Ns =7 TeV _;
500K ::'z::lgn_h = 200 =
C ] E. . N lo-o o o

- T e ‘POO 200 300 400 500 600 700

00200 300 400 50O 800" 300

M(lv jj) [GeV] M(lv ji) [GeV]

= L L A B B BN BN Theupper
T I ; limit at m,,
£ 10F = 340GeVis =
E § 5 x SM
S | Aamas prelimnary | prediction
:;S: E ....... Expected E

- Ns=7TeV - 1o ]

i , [ =20 |

10-1§—f|_ dt=1.04 fb e Observed E
T AR R S S | P RS S AN SR S ST S R S | TR B R R =
250 Ketevi E Assamagan - BSR/ILHC I%?P— 55,\2 [Ge6\9]o 26
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H=>Z77-21lqgq (I=e,u)

ATLAS

Very helpful channel in the Higgs mass range m,,

> 2m,, with acceptable signal-to-background ratio

Signature: Z—211+2 jets final states
Main backgrounds: QCD Z+jets

Event selection:

— Same flavour pair of isolated leptons with p;>20 GeV,
with 76 <m,;<106 GeV

 Third lepton veto, E;™$<50 GeV
— 22 jets p;>25 GeV |n|<2.5, with 70 <m;<105 GeV

— Reconstruct the final state invariant mass my; (with
m; scaled to m,)

Ketevi A. Assamagan - BSMLHC ICTP-
Trieste, September 2011
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Events / 25 GeV

95% C.L. limit on oloSM

1405 'ATLASPreliminary ' (Lociosn’ ] 4§' 'ATLAS Preliminary ;;;fg[{_;l; M
120:— -(SEZiIOE 1gev) —: 3. 55_ [ Sional (m,=400 GeV) _g
100( — ;otal BG = 3 - — ;ma' BG E AT LAS
805 . 1 25 o 3 | The invariant mass of the lljj
soF- E 2‘ ‘ system for the b-untagged (left)
- i 15F 3 and b-tagged (right) selections,
o E i 4 for my =200 and 400 GeV. The
201 3 05F 1 Higgs boson signal in the
C e ] = 1
0™300"200 300 400 500 600 700 800 900 0%435"200 300 400 500 600 700 800 g0 Untagged plots has been scaled
m; [GeV] m, [GeV] up by a factor of 10
Y S L L B I I i
- —*— Observed ATLAS Preliminary ]
MEREEEEED Expected . .
S i — 1'2 f Ldt=1.04fb"" \'s=7TeV
- [J=x20 H—->ZZ—llqq { * Good sensitivity in a wide mass range
15— — Qg
- 1 * Observed limit 1.7 x SM for m, = 360 GeV
10— 1 * Expected limit between 2.7 — 9 times the
- . SM predictions
5 =
O_ I 111 I 111 I 11 1 1 I 111 I | I - I 111 1 I | I - I | I - I N
200 250 300 350 400 450 500 550 600

my [GeV]
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H=>ZZ-2llvv (I=e,u)

Final state characterized by the production of a Z in leptons
accompanied by large transverse missing energy, it offers a
significant branching fraction in combination with a good
separation from background processes

Main background: reducible QCD W/Z+jets, top; irreducible
WW,WZ,77

Select events with two same-flavour opposite charge leptons
whose invariant mass is consistent with the Z-mass, and ETMiss >

66(82) GeV depending on the “low’(“high”) mass analysis
— Apply also topological cuts to suppress W/Z+jet QCD background
Finally, study the transverse mass distribution, m;:

— miss

. . _ 2 |
ma, = |i".,f'“’”gz +FLEN2 4+ ymE + |ﬁ£ﬂ1&5|g] - [ﬁgf:f + Py

Ketevi A. Assamagan - BSMLHC ICTP-
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H—>ZZ->llvv

L dt=1.04 fo"

TotaTII;G

IS

7600

> 6 ATLAS Prelimina ‘ ata ot > 401 T
g 100 s s el 2% b ATLASPreliminary
o 1 05 ' --------- Top 35 =
- E W& L 22 WZ,WW Q - H—=lvv o data
5 1 o't % e z < 30
p Other Backgrounds »n E
c 1 03 —— Signal (m_=400 GeV) = C
o S 25
o 10*E > 2
e w20
10 F
i T 155
g 10F ———— = T A T T EH' —?J—LT' = E 1 Oz—
~ '1k ,,,,¥,,,.,,!T+TI + ,,,,,,,,,,,,,,,,,,,,,,,,,,,, _ :_
§ 0.8§; L PR P ' L P P R S S T ] E E
0 50 100 150 200 250 300 206 ‘ 300r I 400 " 200
ET™® [GeV]
% 1 4 jL I T T T ‘ T T T ‘ T T T ‘ T T T ‘ T T T ‘ T T T ‘ T 1T ‘ T T T I Jt
\g - —e— Observed ATLAS Preliminary -
c 120 e Expected p .
S B f Ldt=1.04fb"\s=7TeV  °
£ qop EH=10 -
- - _
&) 81 -
N C N
& 6 ]
4 -
2 -
o I 1111 1111 1111 1111 1111 1111 1111 l 1111 I

200 250 300 350 400 450 500 550 600
my [GeV]
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700
m, [GeV]

BSMLHC ICTP-

ATLAS

Left: E™ssdistribution
after the m;, window cut.

Right: the dilepton
transverse mass
distribution of selected
candidate events;

» A Standard Model Higgs
boson in the range 350 GeV
<my <450 GeV, is excluded
at the 95% confidence level
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H>ZZM>4l (I1=e,u)

The “gold-plated” channel
Very clean, but small rates

Backgrounds: irreducible ZZ(*); reducible Z+jets (in
particular Zbb), ttbar

Event selection simple:

— Trigger: inclusive high-pt electron or muon;

— Two isolated same-flavour opposite charge lepton pairs.
Each lepton with p;> 7 GeV. In the region between barrel

and end-cap calorimeters, electron p; > 15 GeV. At least 2
with p; > 20 GeV

— Reconstruct the Z (mass window cut)
— Veto low invariant mass pairs
— For m,<2m, require also small lepton impact parameter

Ketevi A. Assamagan - BSMLHC ICTP-
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H—>Z7z2") > 4|

e Background estimates:

— 7Z") from MC prediction (including both qq/
qg—>ZZ and gg—>77)

e Theory uncertainty: 15%

— Top from MC prediction
 Yield validated in control region
e Theory uncertainty 10%

— Z+jets normalized to data using control regions

e Control region: clean Z + 2" lepton pair with no
isolation and impact parameter requirements

e Uncertainty: 20-40% (dominated by statistics in control
regions and extrapolation to signal region)

Ketevi A. Assamagan - BSMLHC ICTP-
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_ATLAS Prellmlnary _
" Hozz"al 1

~[Ldt=1.96-2.28 fb

TNs=7TeV l

Events/5 GeV
N
U‘I

-« DATA
- zz"
- [tt.zbb,z l

[+
(=]

-
8))
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9_  m—— } N

a0
5 80 85 90 95 100 105 110 115
m;, [GeV]

-
o
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%ZU*ATLAS Prellmlnary

187H—>ZZ %4I

- [Ldt=1.96-2.28 fb '
"\s=7 TeV

& 14F * DATA

12[-0zz"

1o 0tE.zbb,z

m, [GeV]
Invariant mass leading (top) and

sub-leading (bottom) lepton pair

H—>Z7Z2")>4]

> Tt T T T [ T T T T T[T T T
C DATA .
8 9:_ . Background ATLAS Preliminary A
© [ [ Signal (m =150 GeV) 3
1_5 8- I Signal ( H-220 GeV) =
< O Signal (m =480 GeV) x 2 ]
o 7t E
W oF H—zz" 4] 3
- [Ldt=1.96-2.28 fb™' ]
> \s=7TeV E
4;— ® _;
3;— ) E
2?— » .
12—' -|® _m- * 9 T 1
= Sal et N el [N Y TR e el N _I_\_I‘-__I—-I_‘I_.-.I_r-.l__‘l-‘-h_’ﬁ——i—l—:

‘POO 200 300 400 500 600

m,, [GeV]
e Atotal of 27 events are selected by the
analysis algorithm: 6ee, 9ep, 12uu
e Expected: 2844

Ketevi A. Assamagan - BSMLHC ICTP-
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SATLAS R =N /AN |
" EXPERIMENT [HENNE 2i2e candidate:

Run Number: 182747, Event Number: 63217197 | A W . _ . __ — . . mlead: 85.9 GEV
M, 85.5 GeV
m,: 210 GeV

Date: 2011-05-28 13:06:57 CEST

A\ sSEE0 AN —BSMEFC <
Trieste, September 2011




H—>27Z")>4l- exclusion limits

% 20 I I I T T T I | I I I I | I I I T T T I I ]
= 18} ATLAS Preliminary &
i H zz"— 4l |
5 16 A -
o oy |Ldt = 1.96-2.28 b b
£ 14§ s=7 TeV N
- ]
O 120 — Observed CL
2 12; ...... Expected CL :
0 107 +10
8: I:I + 2 6]
B A
4 =
2 —
) S i R A

200 300 400 500 600
my [GeV]

* Very close the SM cross-section
e Some Higgs mass values already excluded around m, = 200 GeV

Ketevi A. Assamagan - BSMLHC ICTP-
Trieste, September 2011
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ATLAS SM Higgs Combination

Channels used in & £\ I oo 5 ATLAS
the Combination: g i \ - EEZFE—EE‘;:;:;?‘: S p— = ::gi:l;‘ln ]
= \ The expected (dashed) and
= 10F < observed (solid) cross-
LH>py S -k AR b < 1 section limits for the
2. VH,H-=bb 5 | \ ‘l . >t - individual search channels,
3. H2tr g KM i normalized to the Standard
4. H=2WWOO) Dyl - e 1 Model Higgs boson cross
5. H->ZZ®" -2l [ ATLAS Preliminary | Ldt-1.023f5"ys=7 Tev CLs limits | section, as functions of the
6. H=>ZZ®) vy 100 200 300 400 500 oo Higgs boson mass.
7. H2>Z2Z2"2llqq m; (GeV]
e Correlated uncertainties (Jet Energy Scale, Luminosity, etc) taken into

account

e In other cases, e.g. background estimated via data-driven methods, the
uncertainties are uncorrelated

e Careful treatment of theory uncertainties; Higgs boson cross-section
uncertainties in QCD scale and PDF+as taken into account. PDF
uncertainty is fully correlated among different channels and it is included
in the combination.

Ketevi A. Assamagan - BSMLHC ICTP-
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ATLAS SM Higgs Combination

& | ATLAS Preliminary 'CLs Limits -
tg:' B — Observed |
= ---- Expected J- 1
% 10 B+ 1o LCE=1-O_2-3fb_E
- - [+ 2c Vs =7 TeV =
32 -
s % T
o Y —
L o e o o B R =
1 0—1 1 ] | ] | | | | 1 ] | | ]
200 300 400 500 600
my, [GeV]
(2 H
The combined upper limit on the . The exclusion Confidence
Standard Model Higgs boson production Level (CLs) is about 99% in
cross section divided by the Standard the region between 160 GeV
Model expectation as a function of my is  Standard Model Higgs and 220 GeV and exceeds

indicated by the solid line. This is a 95%
CL limit using the CLs method in the
entire mass range.

boson mass excluded at
95% C.L.:

146<m, <232, GeV
256 <m< 282 GeV
296 <m < 466 GeV

Ketevi A. Assamagan - BSI\/ILﬁC ICTP-

Trieste, September 2011

99% between 300 GeV and
420 GeV
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Higgs limits assuming a 4th
generation heavy fermions

=S L o L B S B LB R = ATLAS

v’ £ ATLAS Preliminary CLs Limits ]

g i  Observed 4" Generation Model -

— 10 e

£ F Expected I Ldt = 1.0-2.3 "'

= R E+1o _ i

. [(]+26 \s=7TeV ]

2 T e

Kp] !

(@)]

-
P
-
-
-
-
-
-
-~

==
-
-
-
-
--------------

—
Q

|
500 600
my, [GeV]
The combined upper limit on the Higgs boson production cross section in the framework of a
Standard Model with the addition of a heavy fourth generation of fermions divided by its
expectation as a function of m, is indicated by the solid line. This is a 95% CL limit using the

CLs method.

20 | |
10 200 300 400

Ketevi A. Assamagan - BSMLHC ICTP-

Trieste, September 2011 38



MSSM Higgs

e MSSM Higgs sector
— 5 bosons h/H/A, H*, H-

— Higgs sector: determined by two
parameters; at tree level: tan
and m, (or m,)

e Major production modes:
— h/H/A: gg-fusion, b-associated
— Light H*: top quark decays
— [Heavy H*: gg/gb-fusion]
e Dominant decay modes
— h/H/A > T
— H* - v, for small tan B: H* = c¢s *é ' X

Ketevi A. Assamagan - BSMLHC ICTP-
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MSSM H/A = Tt

In MSSM the decay of neutral Higgs to tau-lepton
pairs strongly enhanced for large regions of the

parameter space: = H/A/h->Ttis one of the most ™"\
promising channels for Higgs searches at the LHC S I — ¢
Production: gg>A/H/h and associated bbA/H/h . |7
Study the final states:

— H>epdv o=

— H2et, 43V, ut, 43V  — i

— H2T 4 Thag2V L

Event selection: ask high-py, isolated leptons, large
E, M, good quality high-pT hadronic taus
— More sophisticated method than the collinear

approximation to evaluate the m_ mass is used for It,
final states

Ketevi A. Assamagan - BSMLHC ICTP-
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MSSM H/A = Tt

> :I TTT | TTTT | TTT }I‘]| TTT II | TTTT TTTT TTTT TTT I:
[0 - er,4+ut__ channels .
G 400 ¢ had -
o B —+— Data 2011 ]
T 350F A(120)/H/h—>tr, tanf=20
2] : 25 Z*(—tt) emb.(OS-SS) I
S 300 Z Others(OS-SS) -
> - Y] Wijets (OS-SS) ]
L 250 Same Sign —
C ——— stat. ]
2001 4
05 \/§=7Tev,fL=1.06fb‘ ]
1501 =
- ATLAS Preliminary
1001 E
50F -
C * b el h
o e N 1 =%10/01%10:0:0:0{¢10:9.5.0.0.¢!
0O 50 100 150 200 250 300 350 400

MMC m., [GeV]

Effective mass distribution for lr,, . The data are
compared with the background expectation and an
added hypothetical signal. “OS-SS” denotes the
difference between the opposite-sign and same-sign
event yields.

Ketevi A. Assamagan - BSMLHC ICTP-

60||||||||||||||||||||:||||||||
" All channels ]
~  =——@= Observed CLs
LELLL] Expected CLs

5OT o
T [Cd=20
! LEP
ATLAS 36 pf " observed ,*
------ ATLAS 36/0b™" expected’

40}

Sea

s=7TeV, f Ldt = 1.06 b
10

ATLAS Preliminary

7 /////
/I;///////// S S /////////i;///////// /////////%///////// (S AIAIAIAS
O Vi 44 94 4 V8 VA V. Vil Vil Vi Vil " A A A ) 08 08, W Vil V. VsVl Vil " A 4 A 4 4 0 Vi Vi Vi Vi

100 150 200 250 300 350 400 450

m, [GeV]
Expected and observed exclusion limits based on CLs
in the m, — tan p plane of the MSSM derived from the
combination of the analyses for the ep, It,,, and
ThadThag f1Nal states. The dark green and yellow bands
correspond to the 16 and £26 error bands,
respectively.
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t—=>b (H*—>cs)

) ATLAS
* Selection: high-p; isolated lepton, large E;™"*, 24

jets, 21 b-tag jet, m; consistent with W mass;
e Use an event kinematic fit

Mass peak of the dijet system: MC expectation: before (left) and after (right) event fitter

= = AR AR RARRREE- I A AR EEAE LR RS TN LN L RN R -
@ 20 _ o -4 O 20 S 5 % —
T 18E — SM it ATLAS Preliminary ] = 185— — SMtt ATLAS Preliminary 3
*% 16 — m. = 130GeV Simulation % 16E. — My = 130GeV Simulation E
o 14f 3 & 14 —
12 = 12F- =
10 : 10 =
o 4 0
JE = =
4 4:_ —E
2 = oF E
o e Py TS PN I EPEPIPE IPEPITE EPUPITE PRI B W U S
9 20 40 B0 B 100 120 940 180 160 .200 0 20 40 60 80 100 120 140 160 180 200

Di-jet Mass [GeV] Fitted Di-jet Mass [GeV]
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Events / 5 GeV

t—=>H*b—>cs b (using 35 pb™)

Selection: high-p- isolated lepton, large E™, >4 jets, >1 b-
tag jet, m; consistent with W mass; use an event kinematic fit

LI N B A B S B S E B I (L L N B B A B A

L ATLASPreliminary ) 4 LE:::?:%E)L?d -y 3 The dijet mass distribution of the data is
apE- ~ 4 : et _nce ainty = . .
; IL—S‘“’ o - Senal s Badkground 4 compared with the expectation from the SM
25F At > Hb) = 18% . . .
B R '™ 3 (Br=0) and with the expectation with Br = 0.18
20— =
g 1 (m,*=110 GeV).
15— —
10 =
sE- 3 T 1 e o e e e e e A B e e R NIRE
2 = E % 09E Limits at 95% CL: =
%520 40 60 80 100 120 140 760 T osb ATLASPreliminaryIL=35 pb’ _Eiﬁiﬁ:ﬂiﬂt |
m; [GeV] % 0_7;_ Expected + 20 _%
= - === (Observed Limit 7]
s 06 e CDF Observed =
o .. o 0_5:_ ----------- DO Observed =
The extracted 95% C.L. upper limitson BR = 9: E
T 04 =
(t=> H*b) from the ATLAS data are = o3E 3
compared with our expected results and § o02F E
- - -
results from the Tevatron. The results Q 01 E
b U (SR S SRS ST R S ST RS R S
3 0 90 100 110 120 130

assume Br(H* = cs = 100%). The ATLAS
limits shown are calculated using the CL, . [GeV]

.. . Ketevi A. Assamagan - BSMLHC ICTP-
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H* =2 tv

e Studied in the =1 and t=2>h channels
 Background estimates are all fully data-driven

> e ) I R LR WU LT R e
S [ ATLAS Preliminary _* P20 .
g L. e— T misid |
Tr.r: -Jet—rz‘ misid i
= . True © 7

q>} x E - Multi_jets a AO 22 [T T T T 7 ‘ T 1T lI ‘. T T 1T | T T 17T T 1T LI T 1 11 T \__

(i : PR b ] & et ATLAS Preliminary ]

Ty AR 0.2 =

i = &T(m: Data 2011 det=1.03 't 3

E J- Ldt=1.03fb"" ] 50.162— ----- Expected Limit h —i

i ] 50.14 I Expectedt 1o

:l - _: & 0.12 E_ Expected+ 26 _E

R T E == Observed Limit 7

0 -_1_+_ - - = 0.1: D0 Observed .

0 50 100 150 200 250 300 g 0.08 =

my [GeV] 50.06 -

o 30047 :

Transverse mass distribution in the % 0,020 E

o C n

+ ol v b b b b by gy L1

H* = tv channel 0790 100 110 120 130 140 150 160

m,. [GeV]

Exclusion limit on H* production as
a function of m,
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Conclusions

Proton-proton collisions produced by the LHC and ATLAS
corresponding to an integrated luminosity between 1 and
more than 2 fb! has been analysed by ATLAS to perform

Higgs searches

These data allow to constrain the Standard Model Higgs
boson production

No significant excess (< 2.10) is found in the mass range of
110-600 GeV studied by ATLAS; exclusion limits at 95% C.L.
are placed in the mass regions:

— 146 <m_ < 232 GeV

— 256 < m,< 282 GeV

— 296 < m,;< 466 GeV

More integrated luminosity will definitively help to
understand our data, improve the analysis and to increase
our sensitivity to a wider mass interval.

Ketevi A. Assamagan - BSMLHC ICTP-
Trieste, September 2011
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A =2 uu at low mass with 35 pb-?t

« Search for low mass scalar A in range [6,9] and [11,12] GeV e.g. |nsp|red by NM

10°

T I

ATLAS Prellmlnary

e Two muons with p;>4 GeV (blue line)
\;‘§=7Tev,fl_dt=35pb‘1

 Likelihood ratio selection (black markers)
» with PDFs derived from data itself
* signal : 9to 11 GeV (Ys and A agree)
» background: 4.5t05.5, 11.5t0 14.5 GeV 107

10*

Entries/100 MeV

10°
S ad -
PUPSC . o ——— Data : Before the LR selectian =
.m‘o'.m'" -

—e— Data: After the LR selections
.

- MC : m(a)) =6.5 GeV

:IMC.m(a1)=7.SGeV
DMC:m(a1)iB.SGoV
D MC :m(a )= 11.5 GeV
.
H

| PRI [ S ST SRR

6 7 8 9 10 1 12
m,, [GeV]

« PDFs for likelihood ratio inputs: primary vertex x?/ndf and calo. isolation of muons

o R I R RS I RS LR R AN R - T ———
£ [ ATLAS Preliminary ] 2 | ATLAS Preliminary i
L0 = _ _ -1 e =~ - 1
5 B s—?TeV,ILdt—BSpb ] g0_15f\f§=7TeVJ.Ldt=35pb1 —|
= 1oL el rempims et el 8 | = Signat - miay = 7.5 Gev 1
g - = ;:n((;?))z 8.0 Gev - o # - Background : Data [ 4.5-5.5, 12.5]14.0 GeV]
= 102 = = 0.1 ﬁ
102 = Z
a = - - . 0-05:/,
10 = ] —E g
SR BT PR PR S I P PP EPRPRPE B AP B P ]
O 5 10 15 20 25 30 35 40 45 50 C G A 8 S s e e
-1 -0.5 O

Vertex x?/ndf .
Likelihood Ratio (R)
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A = uu: Exclusion L|m|t

* Limit setting: normalisations floating 3 " ATLAS Preliminary
- signal A: double Gaussian with width and §’°‘§‘\r e
fractions of 2 Gaussian related to Y g -

- Y(1/2/3s) double Gaussian:
widths and fractions free parameters, 10°
masses fixed to PDG values

- continuum BG: 4th order Chebyshev

T IIIIIII

NP Y APEPR ¥ AT
6 65 7 75 8 85 9 95 10 105 11

polynom with all parameters free ' ' ‘ ' My [GeV]

* Signal efficiency uncertainties  Limit on o(gg—=>A)x BR(A>uu)

8 tooop ATLAS Prammnary [ g
Luminosity 3.4 (3.4)% - 1 E
PYTHIAvs MC@NLO 67 (20)% " 1200 —— Observedtimt
Muon Efficiency 14 (15)% 1000 o
Dimuon Trigger 13 (12)% ¢
Likelihood Method 3(3) %

Total 70(28)% R iy
Ketevi A. Assamagan - BS m“ZgGeV]
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Trigger eff.

Efficiency

Trigger

— - o e e e e T - =y 43 —! - 3
i D§ ] § 0.9? é
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06— ATLAS Preliminary _ 05E —— Z—>11t (MC) =
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Electron/Photon Performance
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~_Electron/Photon Performance

60 . — 100
- - DataNs=7 TeV, mass region — D — —
50 [ |:| MC J/w, mass region, sc:galed ] E : ATLAS P li i :
g | ATLAS Preliminary | & 8o— 2 =7= mrefiminary -
[~ | + . P B (N ) 3
40 — —] g L CB fit |
- . s 60 n
30 ﬁ — - s
: ] a0 .
20 + uj ] i i
- = ] 20" .
10— | ] -
- T ]
0 o == 0 L by Ly T . 07 | 1 1 1 1 | L 1 L 1 | 1 1 1 L | | | | | | | I | I N
(@] 0.2 0.4 0.6 0.8 1 1.2 1.4 1.5 2 2.5 3 3.5 4
A Roo Moo [GeV]
_I T T T | T T T T | T T 1T | T T T T | LI | T T 17T | LI | T T T I_ "—; § T T T T TTT T T T T TTT |S T ] I- T T 1T IE
1200— ___ = . - — - ATLAS Preliminary 7
B Data j L dt=37pb ATLAS Preliminary 5 8 10% Jj_w Data 2010 V5 = 7 TeV —
10000 — MC Z—ee - T o = J.Ldt= 10.1 pb’ 3
- — +cIJ [ Y |
- — Fitto data _ ] % £ 10° Eﬁaﬂ.,w‘“" - =
B Oyaa= 1-73+/-0.08 GeV 7 © e b o - 3
800_ |T||<247 ] C L T Z -
i 0, = 1.49+/-0.02 GeV ] 107 . E
600— ] C ‘nﬂ . .
B ] 10 E_ H#p + _E
- - - h -
400: . 15 11 | =
200/~ ] - | | | -
- § = H‘ E
g_ ] 11 1 | L1 1 1 | 11 1 | 1 1 | | 1 1 1 1 2N ARl s s _ : 1 1 1 | I | | 1 1 1 L1111 | 1 1 1 ’ L1 l:
0 75 80 85 90 95 100 105 110 1 10 102 10°
M, [GeV] Mg [GeV]
Ketevi A. Assamagan - BSIVILHC ICIP- 51

Trieste, September 2011



& LE= o ° e e o o o
* Muon reconstructed by 8095 ~
matching muon spectrometer & os - =
(MS) and inner detector (ID) il 3 =
. 0.8 & —
tracks — combined (CB) 075 £ ATLAS Preliminary me
— Statistical combination 07 ) Lot-193pb” Chaint =
— Global refit of MS and ID hits I o A L A LI
. u—‘]E—....................—_
— Segment Tagging (ST) ? 005 £ E
25 2 15 1 05 0 05 1 15 2 2
—_ T T T "
s 1 =
2 o O——0—0— L . > L
MO.QSi_.__._—‘——o—'—C— ‘; = &i -
- - = =
0.9— = 2
= 1 ZF
0.85j — =
o.af— —E
- ATLAS Preliminary -
0_75:_ Tag and probe, Data 2010, Chain 2 —=-CB+ST _:
- JLdtT42 pb | | | | _.I_CB | = 1= ATLAS Preliminary
g joif Data2otONS=T TV
———0—0—0—@ L @ —1
;6 - ISIOI - I4IOI - ISIOl - IGIOI - I7IOI - IBIOI — IQIOI - I1b0 1 10 10;
p, [GeV] My, [GeV]
Ketevi A. Assamagan - BSMLHC ICTP- 5o

Muon Performance

Trieste, September 2011



Fractional JES Systematic Uncertainty
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b-jet tagging Performance
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 Hadronic t-jet plays a key
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Missing E; Performance
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Statistical combination procedure

The profile likelihood ratio is used as test statistics Ap) = Loyap(p,0)/Lorp(ft, )
one-sided variants of the test statistic are used for upper-limits and discovery
The distribution of the test statistic is obtained in two ways:

— Ensemble tests with toy Monte Carlo using a fully frequentist procedure

— Using asymptotic distribution of likelihood ratio (improved X? method)
nuisance parameters are “profiled” based on the data

Primary result based CLs, conservatism introduced to protect against downward
fluctuations

— Additional comparisons with Bayesian procedure with a uniform prior on u
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