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ATLAS Data Taking in 2011

Total Integrated Luminosity [fb g
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Day in 2011

Current status:

ATLAS data on tape: 4.2 /fb,
Peak luminosity: 3.3 x 10 /cm®/s

New data with 12 interactions per crossing

08/10

Results presented based on EPS or Lepton-Photon
Conference Papers and Letters (~1-2 /fb) @ 7 TeV

Data taken with 50 ns bunch spacing
(very small fraction with 75 ns)

On average 6 interactions per bunch crossing

Between 96% and 100% of all channels operational
(depending on detector subsystem)

(half of the value expected at design lumi)

Collect [5 /b by end of 2011

Collect [M5-20 /fb by end of 2012
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ATLAS Detector

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%

GeVto 10% @ 1TeV (ID+MS)

Inner D_et?.-ctnr: |r_||-=:2.5: Hadronic calorimeter: |n|<1.7
B=2T, Si plxels/SFrlps and Fe/scintillator 1.3<|n|<4.9 Cu/
Trans. Rad. Det.; o/pT = W-LAr; o/Ejet= 50%/VE © 3%

0.05% pT (GeV) © 1%
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SM Higgs Boson Production at the LHC
LHC cross-section working group arXiv:1101.0593v3 :
. . ———— . * Gluon fusion (ggF) !

) \s=7TeV - §
<10 =3 dominant process at LHC
E 1¢  10x higher rate than at Tevatron
1 . known to NNLO + NNLL + NLO EW
g 1 E 15-20% theory uncertainty
© g g g
- wz )
107 3 * Vector boson fusion (VBF) Wz,
- ] q q
: | known at NLO, ~5% theory uncertainty
10%E distinctive experimental signature
o | | L L becomes more important at high mass
100 200 300 400 500 1000
M, [GeV]
« Associated production with W or Z » Associated production with ttbar
known at NNLO, ~5% theory uncertainty known at NLO, ~5% theory uncertainty
Leptonic signature useful for study of H - bb Provides little additional sensitivity

Theory uncertainty mostly from scale variations and PDFs 4/32



SM Higgs Boson Decay (MSSM and Exotic Higgs in Backup)

~

.§ 1:4\b5 ' § H - 2%
g : H - bb - Lowmass (m, <140 GeV)
£ | .
s it H-1t |
© . ™~
& ) H - WW - Ivlv Intermediate, wide mass
H . 77 _ 4 " range (130 — 600 GeV)
= H - ZZ - ”VV )
Predominantly
H - 2Z - liqq at high mass
H- WW - Ivqq
10”100 200 300 500 1000 . | -
M, [GeV] S | \s=7Tev sM i
| | 18
x 1 WW — Fvag —§
Events expected to be produced with L=1 fb! © ;
m,, GeV | WWOllv| zz341 |y 0 LTS

ZZ - I'lqq

120 127 1.5 43 | "‘ -
150 390 4.6 16 \ -

ZZ - T
300 89 3.8 0.04 10 AN

- H—>f—vb B v VL{/ V.
ZH— 1bb| \ N\ q= udscb

-4
10100 200 300 400 500
M, [GeV] 5/32
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High Mass Higgs Searches

mH = 200 GeV - 600 GeV

8 1NB | REL
S a 0
= | 77
<
e - 5
2 {
g : « H - WW - Ivgqg
102} E ﬁé" H ~ 22 - liqq
ﬁ H o ZZ - llw
'3 1 | 1 | | | | 1
107700 200 300 500 1000
M,, [GeV]
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H - WW - lvqq 240 GeV <mH < 600 GeV  1.04 /fb

arXiv:1109.3615v1

Full mass reconstruction possible, in contrary to Ivlv channel.

Event selection:

* Isolated e or p with pT > 30 GeV

* Veto events with 2" lepton (to ensure independence from ZZ — llvv)
» Exactly 2 jets OR 3 jets with pT> 25 GeV (0 and 1 jet analyses)
* MET > 30 GeV

. |ij_ -m,, | <10 GeV

» Reject events with b-jets (reduces top)

> T 171 | T T | T T | T T | L | T T | T T | T T | L T T
$10°F J _ 4 =] Signal (x 2.7) = Sample composition understood
S I Ldt=1041 m,, = 400 GeV 1 using MC and data
=105 arLAs preliminary ® Data S (Multijet and W/Z data-driven)
€ F Holvqqg+0/1jet top I
S10°E 7 Tey W/Z+jets =
W e, vs=rle Multi-jet .
10°e e . Bl Dibosons =
2 :_ = o1 _:
10°E o =
- ~0--019-9- -
10 = ' _': Mass reconstruction:
= S 5 :
i Constraint: m(lv) = m(W)
= Ll | I | | I | | I | | 1 | | I | | I | | |

200 250 300 350 400 450 500 550 600 650 700 Rejects 45% of BG and 36% of signal

M(lv qq)[GeV] 2130



H - WW - Ivqq 240 GeV < mH <600 GeV  1.04 /fb

Systematic uncertainties:

Lepton and jet reconstruction, dominant are jet energy scale and resolution.

Results: g‘- :I I T I T I T I T I T I T I T I T I T I T I T I I I T T I |:
<
RS
O

° 10

(@]
£
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O

L 1E _

[ — -

?E (=7 Tev .

NS I+ 16 -

| J. L dt=1.04 b t 20 |

107 & o —— Observed E

:| | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |:

250 300 350 400 450 500 550 600

m,[GeV]

Data Total BG mH=400 GeV

41687 42600+ 1200 58 £ 15

No counting experiment. Limits obtained by fit with double exponential.
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H- ZZ - llqg 200 GeV <mH <600 GeV 1.04 /fb
arXiv:1108.5064v1

Event selection: Background control:

 Two same flavor leptons (e/p) « Z+jets: shape from MC, scaling from m_ sidebands
e [m-m | <15 GeV . Top: shape from MC, norm. from m_sidebands

* Two jets, pT>25GeVin|n| < 2.5 e Dibosons from MC

« MET < 50 GeV * QCD from loose data sample

Special high mass cuts:
Jet pT > 45 GeV, AD(l,]) < 1.6, AD(j,j) < 1.6

Treat lIbb subsample ([21 % of signal) independently to increase sensitivity.

Untagged A lagged
e e e e e s e e S L e o "ot A rerrprrTTprrT T T T T T T T T T T T T
% 140: ATLAS | | | ® ldata Il_dt=1_041 ' J_+: E 3 55_ ATLAS ] dataJ.Ldl=1.04 i’ _E
g 120__ H signal < 10 _] 0 E [ sional (m =400 Gev) ]
ol B (m, =400 GeV) _ N 3 = Total background =
___m__ 100 - — gotgl background = :"; E ..... Z +jets E
0 L asamm + jets - -— - o =
g 80:_ o T?p _: E" 255_ ;ilfoson =
Lﬁ : Diboson : T 2;_ 4 _;
o0F E 1.5 E
40:_ _: 13— -11: - - —E
20:_ _: 052_ Ijj.:-:... _i
0: — A i P ._ 0:1 R L] | |:-|.'T'-‘..|.J AT (b B 2 | 1
100 200 300 400 500 600 700 800 900 100 200 300 400 500 600 700 800 900
My [GeV] m,, [GeV] 032



H - ZZ - llgq 200 GeV < mH < 600 GeV 1.04 /fb

Results: Data Total BG mH=400 GeV
untagged 419 450+13+30 9.840.3+1.8
tagged 6 6.910.4+1.2 1.1+0.1£0.3
% 25 _I T | T T | T 1T | T T T 171 L | T T | L | T 171 [ I_
2 . ATLAS H - ZZ - liqq 1 Combined Limit
c 20— ——— Observed (CL_) _ -1 —]
2 C reemmanes Expected (CL,) L dt=1.041b Z
£ I BN o s =7 TeV i
= 15 +20 ]
— B ]
O B _
X 10 — —
Lo L _
(@] | _
51 -
T T N

co v v b b by v b b b b by
200 250 300 350 400 450 500 550 600

my, [GeV]
Dominant systematic uncertainties:

Jet energy scale

b-taggging efficiency in tagged analysis 10/32



200 GeV <mH <600 GeV 1.04 /tb

H- ZZ - llvw

Strong at high mass, good background separation.

Event selection:

> 40
* Pair of same flavor OS leptons 8
: 35
» Veto events with b-tags 3
e [m-m | <15 GeV =~ 30
« AO(MET,pT leading jet) < 0.3 S 25
>
w20

Low mass analysis (mH < 280 GeV):

« MET > 66 GeV 15
e 1 < AD(l]) < 2.64

10
High mass analysis (mH > 280 GeV): 5
« MET > 82 GeV 0
* AD(l,1) < 2.25 (larger boost)

« AO(MET,p.") < 1

Background control:

» ZZ continuum from MC ([L10% uncertainty)

arXiv: 1109.3357v1

IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII+

S B e e B A AP e e
TLAS . dataj Ldt=1.04 1"
Ns=7 TeV Total Background
H-ZZ >l Top
.............. ZZ.WZ.WW
_______ ZW

IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII+

400

P, o PRI N A
500 600 700
m, [GeV]

b

» Z+jets from MC, cross checked with looser selection
* Top: from MC, but cross checked with two control samples (ey and b-tagged sample)

» W+jets: from same sign lepton pairs

* QCD: From loose selection. Negligible contribution.

< 2
2 a2 = 002 2 = miss|2 — e = miss | 7
mop = [\/mz + [Pt + \/mz + |py | ] — [I)T + pr

11/32



H - ZZ - llvv 200 GeV < mH < 600 GeV 1.04 /fb

Dominant systematic uncertainties:

MET and b-tagging efficiency

14 T | T 11 | T T T 1 I T 1T 1T T 1 T T 171 | T T T 1 | T T 1 | T T T 1 T e
ATLAS —— Observed Exclusion @ 95% CL:

12 J. e Expected

Ldt=1.04 10, Vs=TTeV o, 45 1340 GeV < mH <450 GeV

H—ZZ -l +20

(98]

95% CL limit on o/cg,,
=

4
2
D_l||||||||||||||||||||||||||||||||||||||||||

200 250 300 350 400 450 500 550 600

my [GeV]
Data Total BG mH=400 GeV Signal includes contributions
from ZZ - 4l and WW - |vlv.
47 556.3+2.0+£7.8  10.0+£0.2+1.7 Independent channel due to selection criteria

12/32



Intermediate and Wide Mass Higgs Searches

o 1 = ' 2
o . bb S
= 77 mH = 110 GeV - 600 GeV
§ 10" 3
s
ﬁ% H o WWO - iy
107 E
ﬁ% H . 77O _ 41
10”700 200 300 500 1000

M, [GeV]
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H o 779 _ 4| 110 GeV < mH < 600 GeV 2.1 /fb
arXiv:1109.5945v1

Mass resolution FWHM:

Clean but very rare channel.

Event selection: * mH=130 GeV: 4.5 -6.5 GeV

* Two same-flavor OS lepton pairs * MH=400 GeV: 35 GeV

» Track and calo-based lepton isolation = 10°F

e |m_-m_| <15 GeV 8 ik
(T 107 é’

em,<m_ <115 GeV, mass dependent low threshold

:), E I ; IDIAJLAI L | I L | 1T 11 | 1T T 1 E 15
{ﬂ'j QF [_]Background ATLAS — _1__
o F [ Signal (m =150 GeV) ] 107
% 8 S!gnal {mH=22D GeV) — 102k
< [ S|gn_a| {_mH=48D GeV)x 2 ] g ]
o 7F t . 100 200 300 500 1000
NS H—ZZ" -4 E M, (GeV
_ 13
5E Jl_Lcit - 1962281 = At low mass detector resolution dominant
Ji | Ns=17TeV - At high mass natural width relevant
3 Background control:
2k * Dominant ZZ(*) from MC ([115% uncertainty)
15_ - 17 * t{tbar: MC shape and ey data control sample
D:I',r ol B B BT N b Y St B il S S e = S

100 200 300 400 500 so0 ° Ztlets: Yield extrapolated from control region

my [GeV] 14/32



110 GeV < mH < 600 GeV

Results: Data Total BG
4de ) 3.7£0.5
4 11 7.7+1.2
2e2 8 0.8+1.4
E L I | I L | L I | 1T T 1 | L L
£ N -
% ATLAS — Observed CL
cq2k Hozz'-4 L Expected CL_
O ) s
- |Ldt = 1.96-2.28 ft:ﬂ-Jr 16 .
£ Js5=7 TeV L9 ;
| - -
O |
S
K/
® 10¢

200 300 400 500 600

my, [GeV]

mH=200 GeV
1.0£0.1
2.310.3
2.6x£0.4

Systematic uncertainties:

Lepton-related uncertainties determined

from W, Z and J/W¥:

- Impact of u efficiency uncertainty:
1.7% (4p), 1.2 % (2e2p)

- Impact of e efficiency uncertainty:
3%-15% (4e€), 2%-6% (2e2|)

Exclusion @ 95%CL:

191 GeV -197 GeV
1199 GeV -200 GeV
214 GeV -224 GeV
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H - WWO 2 Iviv 110 GeV < mH < 300 GeV 1.7 Ifb

ATL-CONF-2011-134

Most sensitive channel in intermediate mass range.
Event Selection:

[ EpSS if Ap > /2

» Exactly two isolated leptons with pT > 15 GeV miss ‘
Trel = | EMSS . sinA¢  if Ag < 7/2

« ee/pp: [m -m_[>15 GeV, m > 15 GeV, MET > 40 GeV

ep: m>10 GeV, MET > 25 GeV AD=min(AD(MET,lep) , A®(MET,jet))
8 20005a7) AS Preliminary b —suisssa | Further cuts on p.", m, A@, m
= 1800:—\5 - TeV J‘Lm (70 T Ww w2z — pT’ "’ B T
- = ! = Single To - S .
“1600E it B s D wome cuaanen o OPtimized for three different mass ranges.
1400 ;— , [ ] H[150 GeV] —;
1200F- 7 = H+0jet selection:
1000 | =
800, == = = Exactly zero jets with pt > 25 GeV
600 = :
400 E -~ WW background dominant
200 =
O P —— e H+1jet selection:
= - -
s oF - 7« Exactly one jet but no b-tag
e | «Z-TTvetoby|m -m | > 25 GeV
058 S Total pT < 30 GeV (MET + leptons +et) (rejects top)
(after preselection) Nigss — Large tt background

16/32



H - WWO 2 Iviv 110 GeV < mH < 300 GeV 1.7 Ifb

Kinematic distributions in gy channel: (no shape uncertainties shown)
3 18: " ATLAS Preliminary .féﬁ ii“iézw”“’ T 2 100F ATIAS Preliminary | e ow 2 omen s g 1002_'Am's'#rén'm'ir{a'ry' e Dt%\ir;gwtn ]
T \5=7TeV, | Ldt=170f" O I:ISiﬂgleTos; S B \IE:?TeV,J-Ldt=1.?0fb" E:rw E\;fgzlj::p o C\Ns=7TeV, | Ldt=17010" E;VW ESingleTo;; 7
$ 10° HoWW= vy B Zeiee 51':;1]:?&“ é 80__ H—WW=ll + 0 jets I Z+jets ] W-+jsts (data driveny ] g 80_— H—-WW<=Nl + 0 jets -Z+jetsg\:f;fj:t§ ([:a\t;dmfen)_—
£ 10° = 8 - o .
Rt ” G 6o E
10° o ]
10 T 4 el 0 .
10.11 20 20§ —
L08R § P O B I A —
% 2:_I”|IHII”II”II“I”I I | | % Q oF 1 '| U B T T m % 2F T T 1 T 3
;E 1_5;— % ) = E } = E_ _E
I 3 o dolnd = 15F = 1.5F :
a 15."'--..-."56%1 T%T{}#t%}ﬂ L{ 1 ] 8 1; l } 1 % % { { D S § 1 %HHH. } H I ; SERS| :
0.5__|||I|||I|||I|||I|||I|||Il.l.|I|||I|||__ e El ! I * T ll*Lffltiii g i f T IITTT"“" I t
0 20 40 60 80 100 120 140 160 180 200 e 056 vt v o I e
i 0 0.5 1 1.5 2 25 3 0 50 100 150 200 250
ETI [GeV]
‘ ag(ll) [rad] M, [GeV]
(minimal pT and m_cuts applied) (0 jet analysis after jet veto cut) (0 jet analysis after p_" cut)
Background control: Systematic uncertainties:
» WW normalization from control region * e/l E scale, resolution, efficiency 0.3-5%
» Z+jets rescaled with mismodelling factor « Jet energy resolution 14%, JES 3-9 %
obtained from control region « B-tagging: 5-15 %, Mistagging: 21 %
 Top normalization from control region « MET: 13 %, Lumi 3.7%

» \W+jets fake factor from control region
17/32



Entries/ 10 GeV

Data / MC

(no shape uncertainties shown)

ee
epl
Hp

1.5
1

H - WWO 2 Iviv 110 GeV < mH < 300 GeV 1.7 Ifb
H+0jet Results H+1jet
Data Total BG mH=150 GeV Data Total BG mH=150 GeV

9 82+1.7 52+1.2 ee 5 28 +0.7 1.7 + 0.4

32 27 +4 17 + 4 eu 11 13+ 3 6.3+1.5

29 18+ 5 11+2 L 7 8+2 3.9+0.9
= ATLASPreliminary s tae 2 SWigsesa) = E 18 ATLAS Preliminary  + ban 2 sMigsesay 7
E \5=7TeV, [Ldt=1.?0fb'1 E;‘W E:fjf:p E o 1O \s-7mev, J-Ldt 1.70 fb™ E:w E:igi':p =
E— HoWW vl + 0 jets [ Z+jets [T W-jets (data driven)—] N 14 HoWWoh v + 1 jet [ Z+jets [] W-+ets (data driveny—]
f— [ ] H[150 GeV] —f .E _sz_ [ ] H[150 GaV] —f
- At 5
- | E 8- .
- E o :
= = 4 E
= 3 2F y =
g — C =g—ﬁ 7
g_I { TI %I I} l ‘ ' I I_g % 2§_I I“ I. IJ [ I“ -I [ I_g
3 1 s TSEt o] l | E
; T { ]TT % { I Y ; cDG 1; . [ ;. ;, | ;

0.5

60 80

00120 140 160 180 200 220 240
M. [GeV]

60 80 100 120 140 160 180 200 220 240

Mr [GeYd 3o



H_- WW 2 viv 110 GeV < mH < 300 GeV 1.7 /fb

H+0jet Results H+1jet
Data Total BG mH=150 GeV Data Total BG mH=150 GeV
ee 9 82+1.7 52+1.2 ee 5 2.8+0.7 1.7+04
el 32 27 4 17 + 4 el 11 13+ 3 6.3+1.5
m 29 18 +5 11 +2 m 7 8+ 2 3.9+0.9
% L L L L L B L LN BB A % LI L L L L R B IO B
o . ,| ATLAS Preliminary CLs Limits © ATLAS Preliminary CLs Limits
- - — Observed —SWW 'Siviv+0j 3 c - — Observed T—> —IVIV+I1] 5
B 1 = [l - Expected =17f"
= : Expected J.Ldt 171" = - xpecte ch ]
3 H+1o — 5 Ex+1o Vs =7 TeV
2 10E [(]+20 \s=7TeV  _ TR [(]+20 i
@) = 3 @)
X F . 2 10 E
L0 L | L) — —
(@] | | (@) n ]
B N E I ]
: ] L e ¥ 2 —
'1 L1 | | L1 | L1 1 | L1 1 | | L1 | L1 1 | L1 1 | L1 1 | | L1 | L1 1 | :I 1 | 1 L1 | 1 1 | 11 1| | | L1 | L1 1 | | I | L 11 | | 1 | L 11 |:
10 120 140 160 180 200 220 240 260 280 300 120 140 160 180 200 220 240 260 280 300
m,, [GeV] m, [GeV]

Combined exclusion: Expected 135 GeV <m_ <196 GeV
Observed 154 GeV <m_ < 186 GeV 19/32



Low Mass Higgs Searches

W H-bb
w H-w

Fit to EW precision data suggests a light Higgs boson:

neglects correlations

= ;
< _
18 vd
16 o g e et — 40
14 | —
12 —:
10 —
"""""""" 7 30
8 —_
6 —
4 T il Fitineluding theory errors 4 20
2| --== Fit excluding theory errors —:
----------------------- - L
100 150 200 250 300

The Gfitter group
arXiv:1107.0975v1

(incl. measurements from
LEP, Tevatron and LHC 2010 data)

Most probable value: m =120 _+512 GeV
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1T = Il + 4v ATL-CONF-2011-132,133,135
» Two isolated OS leptons > jz ©ATLAS Preliminary +'m L
* Require a high pT jet to boost the system % 35 Jucar = _
- Cuts on A®(l), mttj, m + % — E
* Collinear approximation to reconstruct 1T mass: @ o5 ;mw

(F%]
o
IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIIIL

m . 20 7 MC stat+take uncer. —]
— vrs ' tum fraction ]
Mpp = ——— x is momentum fractio 15 E
A /xl X> of visible decay products ]
10 s
« Mass resolution m =120 GeV 24 GeV 5 E
bit less for VBF o= = i | 2
( ) 00 50 100 150 200 250 300 350 400
> RN RN L L .
8 A0QE %had + 17, channels (dlleptons) m.. [GeV]
o —— Data 2011
— A(120)/Hh—tr, tanp=20
P 350 EEEE Ziy*(—11) emb.(0S-SS) T - IThad + 3V
£ 300 Wapre (0650
D oy " same Sign * More background (from fake 1): W, QCD

]
= stat.

* T pT: 20 GeV, neural net based 1 ID
* MET > 20 GeV, mT < 30 GeV
» Stronger at higher masses

s = 7TeV, '[ L=1.06f"

ATLAS Preliminary

T T T[T T T [ TT T [T T T[T T [TT T T[T T [TTTT 1777
].||||||||||||||||||||||||||||||||||||||||_|

5™ 50 100 150 200 250 300 350 400  Missing Mass Calculator arXiv: 0901.0512

(MSSM analysis) MMC m_, [GeV] 21/32



H - TT - TlepTlep/ TlepThad 100 GeV < mH < 150 GeV 1.06 /fb

Background control:

* Irreducible Z - 11 shape from 1 embedding into Z— pu data events arXiv: 1107.5003v1

» Fake lepton backgrounds from control sample

Results:

leplep+lephad
% I1 00:| rfrrrryrrrrprrr o rr Tl |: Dllepton Channel
E 9o H-tr ATLAS Preliminary 3 G 2120 GeV
© - —— Observed CLs ] DEIE Total B MA= ©
c 80F ... Expected CLs E 46 47.4+4.9 0.8
= - t20 =
E 705 B o ; (9gF and VBF)
_i 60¢ E
O 505 E
g" = \s=7TeV, I Ldt = 1.06 fb™ . Dominant systematic uncertainties:
o 40;‘ E Jet and 1 energy scale, 1 ID and MET
30 .
20;_ _; Results of MSSM h/A/H - tTin backup slides.
10 =

o

Future: Dedicated VBF analysis.
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H _ bb 110 GeV < mH < 130 GeV 1.04 /fb

ATL-CONF-2011-103
W/Z associated. Largest branching fraction at low mass, but huge backgrounds.

Event Selection:
* Single lepton triggers: p18, €20
* At least two jets with pT > 25 GeV within |n|<2.5, two highes pT jets b-tagged

ZH - llbb WH - Ivbb
 Two isolated leptons (e/p), pT>20 GeV  * One isolated lepton (e/p) pT > 25 GeV
« MET < 50 GeV (rejects top) « MET > 25 GeV
. Im”-mz| <15 GeV *mT > 40 GeV mr — \/2p§-p?(l — COS((bE — oY)
> 45- ATLASPreliminary o ég{a' o > 220;—'A1‘LA*5Pr'eiin'1ir'1eiry e dam I' 2 | —
O 405 J- L di=1.04 b BB Signalx20 7 G 200 ,[L dt=1.04 fb”' — ?nlqgli 15 (geV) =
o = (m =115 GeV) 7 ©  {80F TolalBG
= 35F — Total BG = T 160E + —z E
0 = —2Z = n - W =
2 30F — Top 32 140 Top .
S 250 ~——Dboson 4 £ 120> Vit
20F - 100E
- - 80F
15 = E
10E + 601
O bt 40°
SE E 20
- e T ¥
% 50 100 150 200 250 % 50 100 150 200 250
ZH mbb [GeV] WH mbb [GeV]



H - bb 110 GeV < mH < 130 GeV 1.04 /fb

Background Control:

All background checked on data using control samples.

Typically: Shape from MC, normalization from a sideband. W __ and QCD shape from data.

Results:

SM

120 Y e oL, j Ldt=1.04 tb". 87 ToV Data  Total BG  mH=120 GeV
c L
%100_— E i:!(; VH, H— bb ZH 329 325+8+28 1.6
=T ATLAS Preliminary WH 1888 1 877+14+147 4.5
- L
O 80—
= F
o [
60—
- Dominant systematic uncertainties:
a0 Jet energy scale: 2-7 %
Z Jet energy resolution: 5-12 %
20— B-tagging efficiency: 5-14 %
- Mistagging rate: 8-12 %
o s 520 325" 130
Higgs mass [GeV]
(WH and ZH combined)

Future: Boosted Higgs at high pT, use jet substructure o432



= Y 110 GeV <mH < 150 GeV 1.08 /tb
arXiv:1108.5895v1

y—Tt separation
* Photons seeded by clusters in )

elmag. calorimeter (E_>2.5 GeV) S3

Best mass resolution, large event yield, simple analysis.

« Unconverted, single and double track conversions S2

« Fine granularity of 1% (strip) sampling allows o1 N ——
rejection of neutral mesons (1) ——
 E resolution: (2010 data event)

o(E)/E = 10%/VE 0 0.3GeV/E 0 (1.1-1.8)%

Fit to data with single exponential:
with E calibration correction from Z - ee data)

> 450p T ey
_ _ g 400F Data 2011, Vs =7 TeV, J. Ldt=1.08fb" 3
Inclusive event selection: > - E
E 350 Inclusive diphoton sample n
- Trigger: Two y with p_>20 GeV T 3005 " Backroond exp f =
> N T T Bkg + MC signal m_ = 120 GeV, 5xSM
. . . . L C H -
«p.> 40 / 25 GeV, Tight identification cuts 2505 ]
200 —
» Calo-based isolation < 5 GeV 150E. E
(corrected for Pile-Up and out-of-cone leakages) = =
100 43
50 ATLAS to be approved =
Data *mH=120 Gev * : | | I | 1 L 1 I L 1 L 1 [ | L l L | L 1 L 1 I 1 1 1 I:
sum of ggH, P00 "TI0 120 130 140 150 160
5063 17.6 VBF, Z/WH, ttH

m,, [GeV]
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H - w 110 GeV < mH < 150 GeV 1.08 /fb

Unconvertec! photons in Barrel Calorimeter pointing:
compared with yy MC:

Combine front and middle layer of ECAL to deduce
photon direction and z coordinate, combined with

tracker if photon is converted

T T T | T I T T T T T T T T | T T T T | T T T T
200~ ATLAS Preliminary J-Ldt =1.08fb"
-»-Data 2011 Vs=7TeV

Entries

150_— MC (yy)

- Az =1.5 cm (unconverted, Barrel)

100(

: > 0_127 T 7T rTTT T T \I\Il\\ll‘\ T | T T | T ]
50— 3 - ATLAS Simulation -
- © o1 H—yy, m =120 GeV 7
- © T — Fit .
950 900" B0 0 50 100 . 150 £ 0.08 ]
AZCanPointing [mm] § B i

©
> 0.06:— .
: 0.04[ -
Mass resolution: 1.7 GeV (FWHM 4.15 GeV) - ]
0.02F -
Could improve by 15% with nominal constant term of 0.8% i .

Q5100105 110 115 120 125 130 135 11(03 \1/;15
. . . e
(inclusive selection) "

Categorized analysis:

Divide sample into 5 categories: Conversion status [1 position in the calorimeter
exploiting different S/B ratios and resolutions to increase sensitivity.
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H - w 110 GeV < mH < 150 GeV 1.08 /fb

Background processes:

. _ _ o > - ATLAS Preliminary _,_' Data ;
* Irreducible diphotons, gamma-jet and jet-jet S "1 Daazot Cn :
* Electron induced (Z - ee) £ 150pT | NSeTTENjLa=rosn! =1 .
2 i Ii ]
= i +_|—LF % ]
Data sample decomposed using 2D sidebands 100 I itftilstica' error ]
. o . . . . L otal error |
(identification vs. isolation), cross checked with B +l‘|‘ ]
2D fit of isolation templates: i _h_h—h_Hd_._
50 —
Data-driven methods in diphoton ]
I - 0 cross section measurement N
Y pu”ty' 2% arXiv:1107.0581v1 [hep-ex] E
1000 110 120 130 140 150 160
_I 2|I\\\EIIII!I\\\!III.\‘.\III\\\II\\\IIII m{q{[GeV]
O 10° — Observed CL limit =
2 - Expected CL_limit .
o) B s | . . . .
g) - — ATLAS to be approved ] Systematic uncertainties:
= i + 26 Data 2011, \s = 7 TeV | . .
% § Signal yield 12 % (y efficiency, Lumi, p_")
= Ldt = 1.08 fb . . 0 o]
T 10 - Signal resolution: 14 % (E calibration, Az)
= B x BG shape model: (3 - 5) events
) i i
6
11— — Expected exclusion: 4 x SM
o vy v b e by e b b by gy T
110 115 120 125 130 135 140 145 150 observed: 2-6 x SM

my [GeV]

Future: Improve performance, use jet categories and exclusive analyses 97/32



Summary SM Higgs Searches

ATL-CONF-2011-135

E [ L | T T T T T T T T — 1 T T 1 T [ 17T T
bw — Exp. Obs. Exp. Obs. m
~ [ T Hoyy (1.08fb") ====. H— ZZ— Il (1.96-2.28 fb™) __
© I W PP Hos WWos Ivlv (170 fb7) sveseens ~—— H-2Z-liqq (1.04fb")  _
- 1 m— W/ZH,H = bb (1.04fb") == s HZZ_llvv (1.04fb™)
o - Ho>tt (1.06 fb™) -
IS
= 10 -
— — —
@ i 7
-aE — -
u‘J — —
U'J e —
1E =
. ATLAS Prehmlnary JL dt ~ 1.0-2.3 fb ™, Vs=7 TeV CLS I|mltS i
100 200 300 400 500 600

m, [GeV]
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SM Higgs Combination

ATL-CONF-2011-135

E | | | | | | | | | | | | | | | | | | .|_
s F ATLAS Prellmlnary CLs lelts -
B i _
c i — Observed ]
o~ ---- Expected j 1
I= Ldt = 1.0-2.3 fb
£ 10 m1o o

- \s=7Te .

d +t20

o
]
(@)’

T E RN g S e = E

10—1 ] ] ] | | ] ] | | ] ] ] ] | | ] ] | | | ] |

200 300 400 500 600
m, [GeV]

Expected exclusion: 131-450 GeV
Observed exclusion: 146 — 232 GeV, 256 — 282 GeV, 296 — 466 GeV
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SM Higgs Combination

Consistency with Background-Only Hypothesis

o : I I I I I I I I I | I I I I | I I I I | I I I I | I |:
= 4L ATLAS Preliminary -
107" T
- 120
10° E
= . E
10 1 e | 30
1045 =
S T 3 46
105 — Observed +
E ¥ . EXDeCTed Ldt = 1.0-2.3 fb E
108 ;_ ' \s=7TeV _;
e emmeeemmeecseesesemeessememmesemmnssesmnneaes 150
10'? ] | ] ] ] ] | ] ] ] ] | ] ] ] ] | ] ] ] ] | ] ] ] ] | ] ]
100 200 300 400 500 600
m, [GeV]

Dashed line gives location of the median p-value in case a Higgs signal would be present
Solid line is observed combined p-value.

Small p-value means little agreement with background-only hypothesis. 30/32



SM Higgs Combination

Consistency with Background-Only Hypothesis (Low Mass)

Q_{:} | T T T T T T | [ I | T T | T T | L I | I I:
1L ATLAS Prehmlnary —
107 E
SRR, VU 1 S 1 26
10° =
1 0-3 i_' """""""" ‘ :“: """""""""" ) "'_,"""f::""""'"""""""'_i BG
104 -
P P R dmmmmmnn- e 31 40
105 = Observed - 4
" ... Expected LCE =1.0-2.3 fb :
10° (s=7TeVv -
; ..................................................................... § 50
1 O‘? | 1 1 | | I | I | |1 | | I | I | L1 | | [
100 120 140 160 180 200 220 240
m, [GeV]

Dashed line gives location of the median p-value in case a Higgs signal would be present
Solid line is observed combined p-value.

Small p-value means little agreement with background-only hypothesis. 31/32



Conclusions

* No significant excess seen

 ATLAS excludes SM Higgs with at least 95% CL. for
146 GeV - 232 GeV
256 GeV — 282 GeV
296 GeV - 466 GeV

« ATLAS and CMS combination at mu=115 GeV:
Possible exclusion at Moriond 2012 ([5 /fb)

With [120 /fb by end of 2012 40 observation possible

32/32



Additional Slides



100 GeV < mA <600 GeV 1.06 /fb
ATL-CONF-2011-132

MSSM h/A/H - Tt

In SUSY coupling to vector bosons supressed/absent.

Enhanced coupling to down-type fermions, (tanp Considered final states: ey, et , 1, T.T,

Leplep channel: Fully hadronic channel: Lephad channel

%7007""h|‘|I||||||D|l|2[|j11‘|||||||7 %70__|||||||||||||||||||||||| ||||__ % LN LI L L L L L L L L B L DL BN B Bl
— eu channe —¢— Data - C ] C oo -
O - e A(120/h/H - 77, tanp=20 1 O] F ThadThag Channel  —$— Data 2011 . O 400F ©%had T HT 4 channels ]
e n EEEE 2/ (—tr) embedded . e o e A(200)/H/h — 11, tanp=20 o r —+— Data 2011 ]
— 600 Others ] D 60__ S Mutt-det ] — 350F A(120)/H/h—1r, tanp=20 ]
« C Diboson ] 7 C e VN 1 & - S Zf'f*(—)rr)segsb.(OS—SS) ]
c r S QCD multi-jet . = C i I A h = C Others(0S-SS)
Q 500¢ B 1 & singlot . o 20r W(tv) + jets : @ 300 Wajets (OS-SS) 7
L C . ._.i % syst. ] Lﬁ C Others ] Lﬁ E Same Sign
4001~ . 40 . - 250 Z stat. =
- 5= 7Tev JLdt —1.06f" 1 C ] C ]
o i ’ ] C _ 200 — 4
300: : - ] 30 - - Ns =7TeV, j L=1.06f" 1
- : ATLAS Preliminary A - \s=7TeV, JLdt =1.06fb" - 150F B
200E . = E 201 - - ATLAS Preliminary
- B ] - ATLAS Preliminary 100 =
100 ] 10 - - ]
O 50 -I 0 -| 50 200 250 0 = ey = A 0 Cimit [ "L_a‘l.'ﬂ.'ﬁniﬁi..'."_‘-._.--_-u_hy:. = i
0 400 500 600 0 50 100 150 200 250 300 350 400

m.. effective [GeV] m,. visible [GeV]

MMC m,, [GeV]

effective

mTT

= \/(pr+ + P+ pmiss)2 _
* Two-t trigger

e Cutbased Tt ID
TpT > 45 (30) GeV

« MET > 25 GeV

* Veto events with
high-pT leptons

* Lepton pT: e (1) 25 (20) GeV
when more leptons in the event:
e (1) 15 (10) GeV

T pT: 20 GeV, 1 ID NN based

« MET > 20 GeV, mT < 30 GeV

» Lepton pT cut trigger dependent:

e (n): 22 (10) GeV or 15 (20) GeV
« Sum lepton pT + MET < 120 GeV

* Adb(en) > 2.0

Missing Mass Calculator
arXiv: 0901.0512



MSSM h/A/H = 11 100 GeV < ma < 600 GeV 1.06 /fb

Background control:

*Z- 1T from T embedding into Z - pu data events
» W+jets and QCD from SS mass shape in lephad channel

* QCD in fully hadronic channel from ABCD method (1 ID vs. charge product)

Leplep channel: Fully hadronic channel: Lephad channel
=~ 600_, LIS B I e B B B B B e B B B B =~ 300_\ L O B Y IO O \.‘ \.\ ] % 0-5: L L L -' -' T .
3 - eu channel ATLAS Preliminary & [ O +UThgohannels ATLAS Preliminary) (5 oF T4t channel  ATLAS Preliminary 5
B - . o Tk ]
2 500} “ 71 2 250 —4— Embedded Z/v* — pp ] T 0.4F =
;é ; —+— Embedded Z/y* — uu _'céj E - 2y s 22 MG E _g 035;_ * _+_ Embedded Z/y — UU_;
o 400 Ziv* — zt MC 7] g 200 B g E N .
Lﬁ L I . ' o L B . w 0.3 | .Z/}' —1T MC =
- - I 5 =7 TeV. L dt = 1.06 15" s = T ]
00~ @ 1 1s0- i 1 Zoest I :
L _ 4 i I . B 0.2F =
200" Vs=7TeV,|Ldt=1081" §  4oq- 1 s m \E-7TeV, |Lat- 106" ]
C i C 1 H0.415F + n E
C | L ] F E
100- . 500 & ¢ . 0.1 .
= o ] X R 7 ] 0.050 N E
- - . C ] -USF ]
O:.-l I T R N R H‘-‘ ot | 1111 0_ ol HJ!, T # - E el e | e | e L
50 100 150 200 250 0 50 100 150 200 250 300 % 50 100 150 200
m_. effective [GeV] MMC m_. [GeV] m,. visible [GeV]

Systematic uncertainties:

« Dominant 1 _1ID efficiency & fake rate uncertainty: 10 %
* Also important: T and jet energy scales and resolutions

35



MSSM h/A/H - Tt

100 GeV < ma <600 GeV 1.06 /fb

Results:
leplep
lephad

hadhad

*ggF and b-associated production

"All channels

—e— Observed gg — ¢ CLs
Expected gg — ¢

—a— Observed bby CLs
S Expected bbg

I osu X BR(H,, —7) theory

s=7TeV. j Ldt = 1.06 fb"

LN
-
-h .
e wy
¥ -

95% CL upper limit on G X BR(¢0— 171) [pb]

1 E_ I *)‘Flhql"-‘-' N L e mmsannn e cae s 5
- et - ---.-...'.'.'.'.—'J
i ATLAS Preliminary ]
'1 | | | | | | | | | | | | | | | | | | | | | | | | |
10100 200 300 400 500 600
m, [GeV]

Data Total BG Signal* tanp=20
2472 2 600 = 200 mH=120 GeV:155+6
1913 2 100 =400 mH=120 GeV:116%9
245 233 +44 -28 mH=200 GeV:19+1
%eo_llllllllllllllllllllI‘:IIIIIIII
= _ All channels
St [ Observed ClLs
50 | wwmnes ?iected ClLs
T
[ [ZZLEP .
401 T ATiag/ae b xected

mp'™, u>0

(s =7TeV, f Ldt = 1.06 fb”
ATLAS Preliminary

0_"|"|"|"|"|"|"|"r'r'r'i'|'|'1'1'1"|"|"|"|"|"r'r'r'|'|'|'1'1"|"|"|"|"|"r'_

100 150 200 250 300 350 400 450

m, [GeV]
36




Events / 20 GeV

MSSM H" - 1Vv 90 GeV < mH* < 160 GeV 1.03 /fb

Search channel: tt — H'b+ Wb - tvb+qq'b

Event selection: Data Total BG BrEH+t=1?)OH +G_e(\)/,1
« MET + T trigger (t—bH")=0.
« MET > 50 GeV 43 37+7 70

e Hadronic t with pT > 35 GeV
At least one b-tagged jet
« Two additional jets + b-jet

* Jet and 1 related systematics dominant
* True 1 background via T embedding into

ATLAS-CONF-2011-138

* Final discriminant: mT L+jets data sample
25_| ||| III|I III|I III| IIII| T ﬁ022__ll | T T T 1 | T T I.I |.I T T 1 | T T 1 T T T 1 T T T 1 T T 1 II__
- 2 = “-ce- ATLAS Preliminar =
- ATLAS Preliminary _° Da‘“?f; 1 f[;' 0.2 ! 1 =
L e— T Mmisi | | - ]
20| BWoo:mse 1 p0.18f Data2oT J Ldi=1.03b L
- - True 7 i 3 0.16 T e Expected Limit =
150 h : O M:Jm_jets . 50.14 ;— I Expected £ 16 —;
i .., 7T H+(130)’ B=01 1 +I 0.12 Expected + 26 =
o === Hi+background 1 1 o4E —e= Observed Limit 7
i J. Ldt=1.03 b fo.oaf— ™ DO Observed =
: ©0.06 =
O 0.04F =
o~ - -
il g 0.02 - B
00 50 1 00 150 200 250 300 0_ N S AN R T A T T N N T U N AN T U T S AN ) HNN

90 100 110 120 130 140 150 160

my [GeV]



100 GeV < mH= <400 GeV 1.6 /fb
ATL-CONF-2011-127

% :' I [T I -[ Tt TTTT I':)'l' T .
| ATLAS Preliminary Ldt=1.6f' * Lala
‘;1025_ Eg;';:;'“p‘“ ~  * Relevant models eg. Little Higgs, Higgs triplets
g - :ﬁ isoce 3« Select events with 2 high pT same sign muons
s °H TR0 3. production in DY process qq — Z/yV* — H™H"
= - .
8 T 1« If BR=1, left-handed H** excluded for mn < 375 GeV,

right-handed H** excluded for mH < 295 GeV

10 . . 3 Data Total BG
= E ]
0 2 C I ";"_ ]
s F % Z 401 437+96 -186
© 1c
O N /é
00 I ) SOIO - ééo E 1 02 t T \:.. T T T T T T T T T T T | T T T T | T T T T j
m,... [GeV] = - ATLAS Preliminary 3
T - 4
_____________________ =. - 4
5 1 z iy ILdt =16
5. 0.9 I observed 95% GL limit = = :
T 8B == Expected 95% CL limit _i +|T 10\ =
1 _BE...... Expected limit + 1o = +:|E ]
% 0.7 = L .
. m — _|
@ 06 E 88 i
0.5 ER
0.4 = +:|]: 1= —t—  Observed 95% upper limit
' - H - memmmman=s  Expected 95% upper limit
0.3 taet — -%]: - ] 68% of Pseudo-Experiments N
_.."’ o - B [ 1 95% of Pseudo-Experiments i
0.2 Y ATLAS Ppreliminary — T | semsmesm |efthanded HE production, BR(HE—p#u#)=100% |
0.1E J-Ldt - 1.61fb" _f % sHeeee Right-handed H™ production, BR{H® = 3u%)=100%
---------- E N'"6J_-||||||||||||||||||||||||||||||||
10700 150 200 250 300 350 400

—5E0 300 350
|- mass [GeV] H™ mass [GeV] -

i I S T N N
150 200



4" Generation

—
-

95% CL Limit on o/og,

~ ATLAS Preliminary

— Observed
---- Expected

Tl+10

ClsLimits
4" Generation Model

J Ldt=1.0-2.3 "

\s =7 TeV

I IIIIIII| [ 1 |11

200

300

400 500

60
m, [GeV]

« Heavy 4™ generation:

m = 600 GeV

» Exclusion:

120 GeV - 600 GeV
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ATLAS To be Approved

o
N

(Simulation) PV X p2

0.08

Entries / 0.50 [GeV]

0.06

0.04

0.02

o e —m = | III|III|III|III|III [ ™
910 112 114 116 118 120 122 124 126

Comparison of eta deduced by —— »

calo pointing to the track direction
obtained from Z - ee.

0_12III|III|III|III|III|III|III|III|III|III|
— Photon Pointing

128 130

M,, [GeV 0.03

0.025
0.02

0.015
0.01

0.005

Improvement of mass resolution
using photon pointing instead of
Sum pT? to deduce PV.

—ATLAS

.. —— Data
Preliminary 6 =10.2% 102
— MC
c=103x%x 10"
Barrel

"0.04

T i S B
-0.02 0 0.04

n_na.i.nli.nﬂ } nlrnﬁL
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H- WW - Ivgg

B

E _|||||||||||II|IIII|IIII|I|||||||||||II|IIII|IIII_
2 [ ]
=100 —e— Data (bg fit subtracted) ]
& b {”"""1 Signal, m =400 GeV (x2.7) -
© ~ -+ I a H N
;§ 50:; —
[l 4l + + ATLAS ]
:....“-“-.-.-.--. oL .'..-. .-..-.-.-I. “ _$_ _
L ——
- \s=7 TeV -
50 L
- T JLdt=1.04fb1 -
§ H+0/1j, H—> WW— Iv jj -
-100_-|||||||||||II|IIII|IIII|I|||||||||||II|IIII|IIII_
200 250 300 350 400 450 500 550 600 650

m, qq[GeV]

S

XQ

L
° 10

s

E

o

2

10°

jry

Deficit observed in the data
for 350 GeV — 400 GeV.

700

L0

ATLAS H— Ivjj+0/1 jet

= e Expected ]
- Ns=7 TeV - + 15 .
I J L dt=1.04 fb" +20 |
= o —e— Observed E
:‘ | 1 1 Il 1 ‘ 1 Il 1 1 | 1 1 1 Il | Il 1 Il 1 | 1 1 1 1 ‘ 1 Il 1 1 | 1 1 1 Il ':
250 300 350 400 450 500 550 600



CMS Higgs Results Summary

95% CL limit on o/oy,,

—
o
N

-
o

L L I T [T T T T T T T T I I I LI T T T T
Combined observed
~oo) wesnnnnne COmbined expected

= H — bb (1.1 ") |
— H 5 1T (1 1fb1) -
_________________________________________ H— vy (1.7f07) |4
—_— H— WW (1.5 fb)
—— HoZZ 4 (1.7
— H—>ZZ — 212t (1.1 b
— H 77 — 21 2q (1.6 fb)
—— Ho 275202y (1.6 1)

AT A

1‘ ; - - ) i %+ i

! ¥ H
L L e W AN W SRS . e R L A SO —
oY o Nai S A ]
e “‘! ........................................................................................................................................................... —
| L L ] | 1 4 L 1 L | Y| l Y Y [ e e Y | | L 4 1 i J | Lo.L...l

200 300 400 500 600
Higgs boson mass (GeV/c?)
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CMS Higgs Results Combination

 CMS Preliminary,\s =7TeV [ o opserved |
Combined, L, =1.1-1.7 fb™! B Expected+ 1o
1 0 ;.’ZZJJ'JJJJ':J:J'Z.'ZZ'.Z.'ZZ'.Z.'ZZ'.Z.'ZZ'.Z.'Z.".Z.'J'.J:.'J'.JJ.'J'.Z.'ZZ'.Z.'ZZ'.Z.'ZZ'.Z.'ZZ'.Z.'ZZ‘jJ.'J'.JJ.'J'.JJ.'J'.Z.'ZZ'.Z.'ZZ'.Z.'ZZ'.Z.'ZZ'.Z.'ZZ'.:'JJJJ'E_J:_E """"" EXpECtEd + 2(5 _:

95% CL limit on /o,

A

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

Channel (EEE) Jets (I;I:J) Shape M(izﬁfacg)ge Main backgrounds
Y M. 110-150 VY (from sidebands)
TT v v M, 110-140 Z from data driven methods
WH v 2 My, 110-130 Top (3j - high M,,) and W+jets (low M, ,)
ZH v 2 M., 110-130 Z+jets (low M,,)
O-jet 0 >30 110-600 WW (control region M, )
(T:TJ:!) 1-jet veto 1 >30 110-600 Top (from reverse btag) and WW (M, CR)
VBF* veto 2 >30 110-600 Top from CS
WW* * O-jet 0 >30 Myw 200-600 W+jets (sidebands)
(vaa) | 1-et | veto | 1 | >30 | My, | 200-600 Wi+jets (sidebands)
ZZ (lI) IP M, 110-600 ZZ (from MC), Z+jets and top (CR)
ZZ (lltT)* Mo+ 200-600 ZZ (From Z - data)
ZZ (llvv) v >30 M 200-600 VV(from MC) and top (MC and checks)
ZZ (llgq) v 2 <50 Mg 200-600 Z+jets (from MC) and top (from MC)

* CMS only / ** ATLAS only
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