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The LHC proton-proton Physics Programme

Mass and electroweak symmetry breaking

— Search for the Higgs Boson, measurement of its properties

Hierarchy in the TeV domain

—  Search for new phenomena moderating the hierarchy problem

— Search for the unexpected at the high-energy frontier

Electroweak unification and strong interactions

—  Precision measurements (M,,, m,;) and tests of the Standard Model

—  Tests of perturbative QCD at the high-energy frontier

Flavour

— B, D mixing, rare decays and CP violation as tests of the Standard Model
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Most results shown still based on 2010 dataset of 35-43 pb
luminosity, though more and more analyses updated to 2011
- EPS, LP !

Almost all search analyses require data-driven estimates of
backgrounds from data control regions and transfer functions
using simulation - this is the primary analysis challenge!

These estimates rely on pioneering Standard Model
measurements in ATLAS and accurate preparation work
by the ATLAS physics objects and trigger groups.

Full list of ATLAS results: http://twiki.cern.ch/twiki/bin/view/AtlasPublic
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Muon Detectors Tile Calorimeter Liquid Argon Calorimeters

ner-=»

Experiment

. Emphasis on
» large acceptance and hermeticity
- excellent jet and E; ., resolution
» excellent particle identification
» excellent vertex reconstruction
standalone muon measurement

All ATLAS subdetectors work well
* Coverage 96.9-100%

« On April 30t lost 0.4% of LAr
barrel EM: hope to recover during
= technical stop in early July

/

Toroid Magnets Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker
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Recorded Luminosity in 2010 and 2011

Measured with forward detectors, calibrated with beam separation scans

ATLAS integrated luminosity vs time in 2010 ATLAS integrated luminosity 2011 STgC z?;';f;d
1Ir| 60 B T T T T T T I T T T T T T T I T T T T T T T I T T T T T T ] 1Ir| [ T T T I T T T I T T T I T record Of
_ﬁ_ ~ ATLAS Online Luminosity \s=7TeV ] =, ] 4: ATLAS Online Luminosity \Vs=7Tev 1032
£ 50 [ LHC Delivered 4 £ "L [HHC Deiivered
o] - Qo C
2 B [ ] ATLAS Recorded E 1.2 [__] ATLAS Recorded
g 40 Total Delivered: 48.1 pb’ N > 1[= / Total Delivered: 1.18 ft" ™ «& _

%' C  Total Recorded: 45.0 pb" ] T C \_Total Recorded: 1.13 b’ ]
] . 1 = L ]
8 300 Peak L =2.1x10% s-'cm? 1 B 98 peak L =1.3x10% s-iom2 :

- ] q) - —]
£ oL MaxL/fil=6.3pb (p*=35m) 3 E 08 MaxL/fil=62pb~ (5 =15m) E
g  Max Nogypunen = 348 (At =150 ns) 1 € 04F Max Nygpunen = 1318 (At =501s) -

N 1 2 - al
= 10 [ Difference between del. and rec. luminosity from — 0.2 - Staijjj;/_J ]

C trigger deadtime and detector inefficiency 7] ' O .

O_ ||||||| | R R T S ] T oI A T T N T B N O_ 1 a
24/03 19/05 14/07 08/09 03/11 28/02 29/03 28/04 28/05 27/06
Day in 2010 Day in 2011

95.8% data-taking efficiency

» Loose 1.6% at turn-on at start of stable beams
 Loose 2.6% due to deadtime
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Recorded Luminosity in 2010 and 2011

Measured with forward detectors, calibrated with beam separation scans

ATLAS integrated luminosity 2011 Surpassed
Tevatron

T T I T T I T T T I T
ATLAS Online Luminosity \s=7Tev < 18

- LHC Delivered
[ ] ATLAS Recorded

Total Delivered: 1.18 o' Sq Q-
Total Recorded: 1.13 fi"

Peak L = 1.3x1033 s~ 'cm—2
Max L / fill = 62 pb~1 (g* —15m)
Max N = 1318 (At=50/ns)

coll-bunch —

Status: 27 June 2011

O 1
28/02 29/03 28/04 28/05 27/06
Day in 2011

At L = 1033 s''cm2, produce 1 SM
Higgs boson with 115 (150) GeV
every 48 (83) seconds in ATLAS
and CMS - 75 (43) Higgs bosons
per hour

1.4

1.2

1
0.8

Tevatron @ 115 GeV: 2 per hour at max luminosity 0.6

1033 cm—2s~" instantaneous luminosity corresponds
to an integrated luminosity of 3.6 pb~' per hour

- 1.8 fb~! per month (assuming design 70% LHC 0.2
efficiency for physics — not presently achieved)

0.4

Total Integrated Luminosity [fb]

95.8% data-taking efficiency

Loose 1.6% at turn-on at start of stable beams
Loose 2.6% due to deadtime

5NN |
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Pileup

The high luminosity comes to the price of multiple interactions per crossing

Pileup in 2011 is on average <p>=6

interactions per crossing Luminosity-weighted distribution of the mean
. egs . number of interactions per crossing for 2011
» Significantly higher than 2010 °

‘.'r| 2 _I T T | T T T | T T T | T T T | T T T | T T | T T T |- I__I
* Tails up to 14 interactions per g 10 = ATLAS Online 2011, \/s=7 TeV JLdt=0.70 fo! =
crossing > 100 E
K7] = E
e - <p>=6.0 =
Causes challenge for physics analyses € 4L 7
and software E -
. . . o Al _
- Detailed simulation models both 2 10E 5
the <p> and the bunch train é A .
structure (detailed enough ?) 10 : ]
+ Software performance improved to 103 L .
accommodate Tier-0 resources i &
(reco time 11-13s/event) 10*“0 > 4 5 3 0 12 4
’ EEZ;LZSCE:Jformance reasonably Mean Number of Interactions per Crossing

S
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Run Number: 180164, Event Number: 146351094
Date: 2011-04-24 01:43:39 CEST

AN
Y

X /44,

i S

A candidate Z
boson event in
the dimuon
decay with 11
reconstructed
vertices



Trigger
Higher thresholds in 2011 than in 2010

Trigger menu kept stable
* Primary triggers never prescaled

«  Supplemented by supporting and
monitoring triggers

Typical output rates:
« L1: 60 kHz, L2: 5 kHz, EF: 300-400 Hz

« EF output rate constrained by offline
resources

* Can predict rates with ~20% accuracy

Performance of trigger well understood

Unprescaled trigger rates at L=1x1033 cm—2s~!

trigger

E20_medium
2e12_medium
g80 _loose
2g20_loose
mul8

2mul0

xe60

J180
Tau29medium_xe35
Taul6 _el5
J75_xe45

L1 item

EM14
2EM7

EM30
2EM14
MU10
2MU10
XE40

175
TAU11_XE20
TAU6_EM10
J50_XE20

L1 Rate
(Hz)

8500
5700
700
750
5300
100
300
200
3800
7500
500

EF Rate
(Hz)

50
1
3
2

40
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Electroweak and QCD measurements

Lots of truly novel results at unexplored centre-of-mass energies

10°

Gtotal [pb]

10*

10°

10°

10

Summary of EW boson and top cross section measurements vs. theory

. | ATLAS Preliminary
- f L dt = 35 - 205 pb”

B \s=7Tev

E THeory (NLO)

B m Data 2010 {~35 pb™)
| o Data 2011

- : fra-

3 | S, [La-
= i . 205pb”
W Wy zy | g T oww T owz

]
o~ 5 A ’ ”
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Electroweak and QCD measurements
Lots of truly novel results at unexplored centre-of-mass energies

Summary of EW boson and top cross section measurements vs. theory

2 FATLASPrelimnary ~  156pb' @ 7 TeV] _ . ATLAS Preliminary
o | 2 jets tag _ 15
D eob 6.20 observation 3 L
® [ R I fL dt:= 35 - 205 pb
© - 0, =176 21 pb {2 i
= I 12 Ns=7TeV
© 40+ + { (SM: 66.2 pb) 12
© [ 1% : :
O i 12 Theory (NLO)
20 E = Data 2010 {~35 pb’™) )
[ 16 o Data2011 ! "
L 4 * = : "
00 100 200 300 400 500 w
M, [GeV/cF] F [ - :
< : 2 b b
10°E :
’ - 3 t-channel
2011 m .
data B dominates
i single-top
10 production
w oz Tw Tz 7o Tt Tww Towz
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Higgs boson searches
Standard Model and Beyond

Y 7 [IESET) /S ENE W =,

8
Gpt20 = 16.6 pb (87%) Optz0 = 1.3 pb (7%) Gp1z0 = 1.0 pb (5%) [ arXiv:1101.0593 ]

o(qq' = W/z+H)~10

o(g99— H)~40-50

} x larger at LHC than Tevtron




Theoretical and indirect exp. Higgs constraints
The Higgs boson should be light but not too light...

TN http://cern.ch/dfitter

Perturbativity and (meta)stability bounds

versus the SM cut-off scale A EW fit not including direct Higgs searches
Ly 350 LI\ LI L L B L L L N N N N N B Y [N N L B LB B B I 10 T P V2 — T —T — T 7T T T T ]
> - - = - ' I ]
] | K g £
S B —— Perturbativity bound _ < 9 ,‘é// // < - LY,  ANFeRS G ’—: 30
= - [ Stability bound - = / 3
300 [— A = 2n [ Finite-T metastability bound ] 8 : —
- B Zero-T metastability bound - -
: A=m Shown are 1o error bands, w/o theoretical errors : 7 / _:
250 — — 6 3
- Allowed Not allowed ] 5 E
200 — ] Q4 A\ e —; 20
- - 3 Theory uncertainty =
Tevatron exclusion at >95% CL —— Fit including theory errors E
150 — ] 2 ---- Fit excluding theory errors 2
[ LEP Sxclusion = 1} 2 e - EE —1o
100 0 b - = ) 1 1 I 1 1 1 1 I 1 1 1 1 3
4 6 8 10 12 14 16 18 50 100 150 200 250 300
Iogm(A/ GeV) M, [GeV]
The SM Higgs must steer a narrow course .
] [l ] . . . - — +
between two disastrous situations if it is to Central value £10: M, =96 7, GeV
survive up to the Planck scale M, ~ 2x10'8 GeV 95% CL upper limit: 169 GeV
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Theoretical and indirect exp. Higgs constraints
The Higgs boson should be light but not too light...

In the Standard Model the Higgs must be light.
BUT: Beyond the Standard Model the Higgs can be heavy !
- MUST ALSO search for a heavy Higgs boson !

[ New physics scale can be low, and weak-isospin violating new physics
contributions may cancel heavy Higgs effects on electroweak precision data ]

s

" -~ - 4 &
Aspen June 2011 Andreas Hoecker — ATLAS Searches 16




Higgs mass constraint in SM extensions
With sufficient weak isospin violation, Higgs can become heavy

Constraint in S,T plane in sequential 4" gen.

4th Generation

P 0-5 T T 1T I T 1T TT I T 11T T T TT T T 17T T T 11T T 1TTT T 1TTT T T TT T TT
0.4 =
0.3 :_ m,,=200 GeV, m =120 GeV, m =400 GeV :

L * e > da -
0.2 £ e m,=360 GeV, M =120 GeV =
E = m,=450 GeV, M =350 GeV J
0.1 f_ A m,,=480 GeV, M =600 GeV _E
0 —
- \ E[100, 1000] GeV -
-0.1 = m,,,m \E[200, 1000] GeV]
0.2 —
03 My, su E[114, 1000] GeV =
= =173.3 = 1.1 GeV =
0.4 E_ 68%, 95%, 99% CL fit contours M ¢ E
T E (M =120 GeV, m =173 GeV) =
I H,SM t -
_0 5 o111 I 1111 I | - I | - I 1111 I 1111 I 1111 I 1111 I L1 11 I [
05 -04 -03 -02 -01 0 0.1 0.2 0.3 0.4 0.5
S
% '
\ l‘ & :.'
A " -
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Constraint in S,T plane in UED

One Universal Extra Dimension

P 0-5 :l T 1T I T T TT I T T 17T I T T 17T I LI I 1T 1T I 1T 1T TT T TT |:

0.4 —

0.3 —

@ M,=150GeV s

02— m M,=350GeV =

oq . & Mi=700Gev E

: - v M, =900 GeV 300 GeV

0 —

0.1 F =

0.2 —

0.3 M,, s E[114, 1000] GeV =

0.4 . 8%, 95%, 99% CL fit contours M =173.3 =11 GeV E

“ET (M, =120 GeV, m =173 GeV) 3

_0.5 :l 11 |‘ I | - I 1111 I 1111 I 1111 I | - I | - I | - I L1 11 I 11 1 |:
05 -04 -03 -0.2 -0.1 0 0.1 0.2 0.3 0.4 0.5

S

==y 7
y  J
17



Higgs Searches at the LHC

Dependence of the branching fractions on M, drives search strategy

T (H—ff) o« NM,m?

f

,_
O

é 1 g T T T T T T T T T T T -I T T T T T T I: For heavy Higgs:
o = bb ww = , , . .
E - ; | : 5 « Lepton final states via WW™*), ZZ(*)
2 i P
_E 10" :_.¢¢¢_.1... — o N I'H—=VV)--- _E
§ = Lt < 5 72« M x1, ./2,., ~ Forlight Higgs:
il T NN+ Lepton final states via WW?*, ZZ*
- o N f S - Di-photon final state
- By ST AN P
» » S\ e - » Di-tau final state
10-3 = e RS SIS :“‘\ '."‘---_" """"""""""" """"""""""" ‘ _:
§.s§ : : : --------- E
P e N\ ST - 1 The dominant H — bb mode is only
10" §._ ....... },lf“.-.::é,‘.r-.\.;.;.‘.\.‘.‘ ..... ................... ............ -,_-_z_ exploitab|e in association with W/Z or tt,
= 1 | 1 1 1 | 1 I‘ l“I 1 1 1 I 1 1 1 1 I .-I-.--.'l 3

100 120 140 160 180 200 220 240 also with strong Higgs boost

Higgs mass (GeV) Associated leptons provide trigger signal as they help to
reduce huge QCD background, o(bb) ~ O(100 pb)

H W H : L(H—yy)

2
7 2 043 . 2 AH H
W «a? M- [NQPAT + Al

NS |
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2011
data

H— yy

Clean discovery channel for light Higgs: o x BR (1157140 GeV | Vs=7 TeV )

=45/281fb

Select tight & isolated high-p; photons; need excellent E, resolution, efficient & pure PID, primary vertex

926 selected diphoton candidates

% _IIIIIIIIIIIII.IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII -IE 800__
0] 120 :_ATLAS Preliminary —+— 2011 Data _: g -
3 - f Ldt=209 pb’1 ji ®@vjth. uncertainty - g- 700
%’ 100~ @ yy th. uncertainty - g 600
o C — DY expected 1 @ =
) +]j expected 1 & 500F
% — — +yj expected ] w -
B N 400
60 + vy expected ] =
- ] 300
40 - =
N ] 200
20— N e 100
Frmym oy o, : | I P I FOUT RS 0:

Diphoton purity of ~ 70%

_____ oo

T T
2011 Data

data-driven composition
vy expected

vj expected

jj expected

DY expected

ATLAS Preliminary

f Ldt=209 pb”

| A

105 110 115 120 125 130 135 140 145 150

M,, [GeV]

1Y

V]

®

W)
<

i

Total background shape and normalisation determined simultaneous with signal

Higgs signal would manifest itself as narrow peak [ syst. error on signal yield ~ 24% ]

Aspen June 2011
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H— yy

Clean discovery channel for light Higgs: o x BR (115/140 GeV | Vs=7 TeV ) = 45/ 28 fb

Select tight & isolated high-p; photons; need excellent E, resolution, efficient & pure PID, primary vertex

926 selected diphoton candidates Expected limit about 8 times 95% SM exclusion
> _IIIIIIIIIIIII.IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII 2LIIII|IIII|IIII|IIII|IIII|IIII|_
8 ol ATHAS Preiminal - —— 2011 Data YE T BecssoLiim f
S F [raczoepy ji ® 1] th. uncertainty S . o7 ATLAS Preliminary
) B @ vy th. uncertainty i =10 f B 1 ]

100— Ldt = 209 pb
§ - —— DY expected - + 20 P i
w g 0 memees + jj expected

— — +yj expected 10

+ vy expected

=4

60

oxBR(H—yy)/SM @ 95% CL

40

20—

——— 4 > 1E 3
||||||| $ | ld-n-l—l_l ::L?IT—ITJ.:I—I——-. :IIIIIIIIIIIIIIIIIIIIIIIIIIIIIII:
100 105 110 115 120 125 130 135 140 145 150 110 1156 120 125 130 135 140
M, [GeV]

M,, [GeV]

Total background shape and normalisation determined simultaneous with signal

Higgs signal would manifest itself as narrow peak [ syst. error on signal yield ~ 24% ]
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H — ZZ*) — 4 |eptons (e, W)

ATLAS-CONF-2011-048

Very clean channel, low BR: o x BR (140/200/600 GeV | Vs=7 TeV )= 4.2 /6.8 / 0.5 fb
Signal selection: pr > 15, /7, GeV, isolated leptons, M(1,2) ~ Mz, M(3,4) >15-60 GeV (M,, - dependent)

4-lepton mass distribution before applying lepton IP and isolation cuts BaCkg rou ndS:

_I LI | T T TT | T T TT | LI | T T TT | T T TT | T T TT | T TT | T TT | T TT I_

a * DATA - Dominant background after isolation
I Ezz ’ cuts: ZZ(® continuum

Cla

[(Jz H-—-2zZ" >4
[ Ldt =40 pb”, Vs=7 TeV

ATLAS Preliminary

Top production

Events/(100 GeV)

tt — WbWb — (v clv (v clv

10 Also: associated Zbb production

Zbb— 0/ clv clv

Reject by requiring leptons to be isolated
and to match primary vertex

100 150 200 250 300 350 400 450 500 550 600 GRS ERE Y
M, (GeV)

1072

Observed 0 0
Background 0.010+0.002 0.090 + 0.014
Signal 0.015+0.003 0.095+0.017
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H— ZZ1*) — 2 [ (e, u) + vv

Benefit for M, > 200 GeV from 3 times larger Z — vv BR

Higgs to 4 leptons transverse mass reconstruction from leptons and E7 ;s vector

Backgrounds:
s 1g——7——7 17—
S 10° ATLAS Internal * data Z + jets: require large Er . and veto
L H— ee v (m =400 GeV) 5 tzngets back-to-back leptons
*% 103 f L dt=35pb” 5 %Eﬁzn Top production: veto b-jets
@ 10° Ne=TTeV : giglr?ﬁt(mfm GeV) Also: W + jets and diboson production

10 \f Verify MC background yields with dedicted
1 control regions

10

(02 | M, =200GeV | M, = 400 GeV
10° Observed 5 5

0 0 100 150 200 250 gackground 5.8+ 1.4 3509
mISsS
Er™ [GeV] Shetiel 0.19+0.04  0.30+0.06

Similarly powerful for M, > 400 GeV : H — ZZ — 2/ + qq mode [ also included in analysis ]

Aspen June 2011 22



H— WW™) — 2 (e, u) +2v

No clean channel but large o x BR (1207165 /200 GeV | Vs=7 TeV ) = 120 /400 / 200 fb

Leptonic mode (£v.£v) used for 120 < M, < 220 GeV, semi-leptonic mode (£vqq) for 220 < M, < 600 GeV
Signal selection: leptons, M;2 = (E7; + E7iss)* — (P7y + Prmiss)? ~ M2, exploit W polarisation, separate jets

pp—=H+X—=>W'W" + X — (*viv + X: leptons + E™™* + small Ag,

w+ Y
HO
w- e
Y
\\ proton
Dominant backgrounds from W polarisation: correlated lepton emission
WW continuum, W + jets, top... Dilepton opening angle is discriminant

Aspen June 2011 Andreas Hoecker — ATLAS Searches 23



« Data-driven background determination using background-enhanced control regions (anti-cuts)

* O-jet channel: S/B~ 0.7 at M, = 170 GeV, after cuts on Ay, m;, my, E

1_102 l|llll|llll|ll.ll.||||||||||||E
© ATLAS Preliminary 3
P _ —+— Data — H->WW (m =170 GeV) ]
-8 \Ns=7Tev [ W+ijets [Jtop "

£ 10 - -1 — @ 2y +ets

s fL dt=35pb — I

+
1 IIIIIII| 1 IIIIIII| 1

10"

102

Observed and expected num. of events
in ey channel for M, =170 GeV

| Ojet | det

Observed 1 0

Total Bkg. 0.83+0.15 047+0.18
(WWbkg. 0.71+£0.08 0.18+0.04)
Signal 0.62+0.18 0.31+£0.09

10

Entries / 10 GeV

T.miss

| ATLAS Preliminary ]

—— Data — H-WwW (mH=1 70 GeV) ]
[ W+jets [Jtop

l ww @ Z/y +jets

B WZ/ZZ/Wy

\s=7TeV
det=35pb'1—

1 1 I 1 1 I__
250 300
m; [GeV]

50

100 150 200

Higgs detection requires good
understanding of WW background

Recent ATLAS measurement finds:
o(pp — W*W-) = (41722 £5) pb
agreeing with NLO SM: (44 £ 3) pb
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« Data-driven background determination using background-enhanced control regions (anti-cuts)
* 0O-jet channel: S/B~ 0.7 at M, = 170 GeV, after cuts on A¢,, m;, my, E

T miss

—

oII| T IIIIIII| T IIIIIII| T IIIIIII| T TTTT

fL dt=35pb’

1—.102: LI L L Y I L I L Y I L L L L L B Y > ||||||||||||||.|.||||||||||:
o = ATLAS Preliminary 3 8 ATLAS Preliminary .
* - Us=7TeV —— Data — H-=WW (mH=170 GeV) ey —— Data — H->WW (mH=17O GeV) |
.0 I W+ets  [Jtop - CIW+ets  [Jtop
E 105 (| giosspy’ EBWW B Ziets = 10 ERww B Zyets
wF =9op [ WZ/zz/Wy 3 B WZ/zZ/Wy

- E \Vs=7TeV

| L

L

|

-1
10 10-1
102
102 T -
0.0 0.5 1.0 1.5 2.0 2.5 3.0 50 100 150 200 250 300
Aq>" [rad] m; [GeV]

(Almost) counting experiment only

Requires accurate control of backgrounds in
abundance and variable shapes

- Hard work for experimentalists !
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SM Higgs Exclusion

Observed and expected 95% CL exclusion limits in units of SM cross section

ATLAS Prellmlnary

\'\\/F f L dt ~ 35 pb ™~ \s=7 TeV

Tevatron 95% C

At M, =120 GeV,
WW competitive with yy

Almost 95% exclusion
at M, ~ 160 GeV

e 71 Between My~ 210 and
290 GeV ZZ—Ilvv most
sensitive

PCL limits

Above M, ~ 290 GeV

WW—Ilvqq dominant

------ —— H— WW— vl
L omnmme, == W WW—vgg

Expected Observed

------ —— H-ZZ- il

........... —%— H—> ZZ— llqq
e R ﬁ‘%H-’.ZZ—’J'W. Lol

Above M, ~ 400 GeV
ZZ—llqq competitive

%
2
e}
&
21
= 10 —
£ -
_I I
O -
2
0 10 =
o = 0
- X
— (o]
L o
| o
LLl
—
15
= Expected Observed
: ........... —h— H_)YY
100

300 400 500 600
m,, [GeV]

Power-constrained™ limits (PCL) computed from CL,, of test statistics using toy MC

Aspen June 2011

*Fluctuations below —1c wrt. median of expected limits are not allowed
Corresponding CL, limits provide reduced exclusion (overcoverage)
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SM Higgs Exclusion

arXiv:1106.2748

ATLAS combination of individual channels for 2010 data

[ o o T o]  Combination using
3 ATLAS Preliminary ’ maximum likelihood fit
o 102 L Observed, before PCL ] taki int t
S — ) Ns=7TeV ... Expected, PCL 3 a m? Itn (fl) acpoun
_-E - E}\: det ~35 pb-1 [ = o, PCL ] correlated nuisance
3 B e [ +20, PCL parameters
- - 8
L\g oL 5 Uncertainty on cross
o = B 3 section included in SM
* I . expectation
L o -
o)
C 0 7 Not yet reached at Tevatron
—
1= =1 who exclude 158-173 GeV
— __‘
- — Grey horizontal bands show cross section uncertainties ] at 95% CL [arXiv:1103.3233]
B Inner region highlights contribution from QCD scale variation 7]
100 200 300 400 500 600

my [GeV]

Power-constrained” limits (PCL) computed from CL,, of test statistics using toy MC

*Fluctuations below —1c wrt. median of expected limits are not allowed
Corresponding CL, limits provide reduced exclusion (overcoverage)

Aspen June 2011
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4-Gen SM Higgs Exclusion

arXiv:1106.2748

Gluon fusion to Higgs via triangular heavy-quark loop sensitive to 4" generation

-
o

Excluded

95% CL Limit on o/ar,,

10

ATLAS Preliminary
4™ generation model
\s=7 TeV

det~35 ob”!

Observed PCL
-------- Observed, before PCL
= === Expected PCL
[ = 1oPCL
[ +20PCL
—il— Observed CLs
== Expected CLs
CMS exclusion

Tevatron exclusion
1 1 1 1

100

95% CL exclusion of 140 < M, < 185 GeV in SM4

Aspen June 2011

200

300 400

500 600

my [GeV]

4t generation ?
K-factor of ~32=9

using sequential model
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Constraints on Higgs mass
Combining direct Higgs searches with EW fit

%'?" = e :" ‘w" R RO X http://cern.ch/gfitter

EW fit not including direct Higgs searches EW fit including direct Higgs searches

Average neglects correlations

N 10 T I T T T T ] N 20 I T T T T I T T T T 2]
: < = e
LA T A G [ E I
= = 16 | A
7 A/ Widthof band 3 14 E
6 ,/ indicates theory 3 12 —
. uncertainty 3 ]
5 [ ] 10 | v »" —
E - e 30
L e N R o R LR LR R R —20 8 /N Lt —
3 Theory uncertainty = 6 =
— Fit including theory errors I .
2 ---- Fit excluding theory errors J 4 | — Fitincluding theory errors 20
EE AN . 1o 2! ---- Fit excluding theory errors —
0 e = d 1 1 I 1 1 1 1 I 1 1 1 1 3 0 ------ I----I---;---I----I---I----I----I---I----I----I--: 10
50 100 150 200 250 300 100 150 200 250 300
M, [GeV] M, [GeV]
Central value +10: M, =96 *>, GeV Central value +10: M,, =120 *? GeV
95% CL upper limit: 169 GeV 95% CL upper limit: 143 GeV
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Constraints on other observables
Combining direct Higgs searches with EW fit to predict precision observables

Constraint on top mass

-
o

III‘IIIIIIIII":IIIIIIIIIIIIIIIIIIIIIIII

sz
TTTT

[ ] Fit excluding Higgs searches
|:| Fit including Higgs searches
Fit assuming MH=1 20 GeV

—@— Tevatron mt"gﬁ [arXiv:1007.3178]

M, = 120 GeV

N W A OO N 0 ©

—

.

.
.
.® .*
-

160 165 170

Mg
175

-
a
al

Central value t10:
Direct measurement:
From cross section:

my

m;

my

DO: arXiv:1104.28¢
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T |

'._ —Ji— DO Cross-section-based det. [arXiv:1104.2887]
using approx. NNLO of [Phys.Rev.D.80,054009]

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

3.0 GeV error if

r
1111
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195 200
m,,, [GeV]

(176.8 + 3.3) GeV
(173.3 £1.1) GeV
(167.5 *>

0
5 ) GeV

30
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Constraint on W mass

Direct measurement: m, = (80.399 £ 0.023) GeV

10 T T I‘. I T T T I T T T I T T T I T T T I T .'I T I T T Ty ]
9 E_ _"._ ,,,,,,,, DFitexcludingHiggsseatches,,,,,;' ,,,,,, flt'[.el’ SM_E 3G
8 E_ —'-_- |:| Fit including Higgs searches & ) _;
- ". Fit assuming MH=1 20 GeV 3
7 e, N =
= “‘ “‘ -@- World Average [arXiv:0908.1374] ; 3
6 :_ . ‘- .: _:
- Y 11 MeV  § 3
5 . : ] -
= ’ error if .
4~ EARREREE Gy Higgs------&f------; ===/ ARREEREEEE — 20
= known =
3 —
2F 3
e, . T 10
0 E 1 Sl R R R S R B -
80.28 80.3 80.32 80.34 80.36 80.38 80.4 80.42
M,, [GeV]
. — +0.017
Central value *10: m;=(80.359 _;519 ) GeV
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S hH,A

SM / SUSY Higgs to = == -

Tl

2 Higgs doublets required in MSSM, leading to 5 Higgs bosons: h, H, A, H*

Higgs coupling to down-type fermions can be strongly enhanced depending on tang = v,/ v, and m,
Search for h, H, A — 7t decays in e—u & e/u—had channels (52% BR), require E > 20 GeV and low M,

T,miss

80

L L L L ol N 0 ) §+ F v 1 ] T T T
c 7 177) Tevatron (1.8-22 6 m,max
1 03 = —e— Observed gg — H (PCL) S D LEP2 ¢ ;
- 70 ~ Observed (CLs) scenario

./ —e— Observed (CLs+b, PCL
------ Expected (95%CL)

--------- Expected gg—H )

NN
AAARLRRRRRRRRRRNRRRY

o)
&
™
% —e— Observed gg — bbH (PCL) | 60
el R Expected gg — bbH ggf,/%,g,;,g,{%% ,,,,,,,,,,,,,,,,,,, 7
m 10°F E 509/

% F - OSM theory 3 ? A

T C ] /

@) . ]

[ L

c | TTVET
= 10F T
é o T R T 4

5 - 204

Q - i g 2
Q ATLAS Preliminary . 10 Js=7TeV. .[ L=36pb" £

A =
1 - -1 _| % _ - 3
o \s=7TeV, f L=36pb E 0 aILAS Preliminary &
0 C | | .vl [ R R R T BT N O% A s s s A L L e i L o e e
5 100 150 200 250 300 100 150 200 250 300
o
Higgs Mass [GeV] m, [GeV]

We also searched for CP-odd NMSSM Higgs a, — uu for masses 6-9, 11-12 GeV - 95% CL limits O(250 pb)
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r2 GeV

p;(n) = 18 GeV
P‘}is('l'h) = 26 GeV
m,is (1, T) = 47 GeV
m. (1,EF"*) = 8 GeV

El* =7 GeV
Run Number: 160613, Event Number: 9209492
Date: 2010-08-03 02:12:37 CEST
-5
on L — TT 3 i
Candidate in 7 TeV Collisions’, AN

3-prong hadronic
tau decay




Supersymmetry searches

SUSY searches also sensitive to many other new physics scenarios (and vice versa)

'J Spln 0 Spin 1/2 S

~ ~

0, 1, 0

™~

,,,‘.\
'/ “n

q1 % q
e, o, A°, H: X1 X e
Xi» Xo

y, 20, W- : H
+ gravitino (S=3/2)
and graviton (S=2)

, g, 9a
£ - — Gauge-mixed physical states that propagate in space and '
A -~ W Swelead time and can be observed .

= ——— - i A A e T, e iy
; e ————————————————— e—— —




Characteristic SUSY Decay Cascades

R-parity conserving SUSY can cascade into high-p; jets + leptons + E; i

With R parity: SUSY production in pairs which requires energy 2 x SUSY mass !

- Incomplete event reconstruction
« SUSY evidence in tails of distributions
* Analysis concentrates on understanding backgrounds (top, W/Z+jets, QCD)
« Each background component is taken from / verified in control regions

2 LSPs escapes detection
- missing E;

“Typical” SUSY decay
chain at the LHC q q l

Typical LSP is spin-'2 neutralino, linear combination of gauginos
(typically mixture of photino and zino); LSP could also be gravitino
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o(99) > 0(q9) > 0(qq)
for m(g) < 800 GeV



Different Analyses for Various Scenarios

Channel Signature Main backgrounds
Monojet + E7 s 21 jet, large E7 s W1 Z(vv) + jets, top, QCD

0 leptons + jets + E7 e 2 24 jets, large Er iss, Mei™ W/ Z + jets, top, QCD

1 lepton + jets + E1 s 2 3 jets, large Eq issy Mes My top, W/ Z + jets

2 leptons (SS/ OS) + jets + Eq s large Et iss SS: Fakes, diboson; OS: top,
(also “flavour subtraction” OS analysis) Z + jets, also cosmics (uu)

2 3 leptons + jets + E s 2 2 jets, Eqissy My # My top, Z + jets

*0(1) lepton + b-jets + E s 2 3(2) jets, Et nisss Mesr, (M) top, W/ Z + jets

2 photons + E7 s E7 miss QCD, top, W(y) + jets

+ more targeted analyses for SUSY scenarios with features not covered by above inclusive searches

* —
( )mef'f - ET,miss + sz,jets

(**) Large mixing scenario can give light sbottom, stop with: g — 51b, g— ﬂt

ATLAS monojet paper out today (arxiv:1106.5327)
- Discussion of ATLAS and CMS monojet analyses by David Berge this week

Aspen June 2011
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« Data-driven background determination using background-enhanced control regions (anti-cuts)

« Extrapolation into signal region(s) using MC (include systematic errors in transfer functions)

0-lepton channel, E

T,miss

> E Lo '-L')atézém'(\/g':'ﬂéw'j
0] 105: det~35pb — SM Total E
o - miss (] QCD multijet 3
e =3 jets + ET I W-jets 1
» E Bl Z+jets 3
QD ar [(Jtt and single top N
-'E 10 E === SM + SUSY ref. point "F
L - ;
1 E ATLAS E
105 E
i3 E
10", . gred s |
c§ 2.3 s
E 1S ey
0 200 400 600 800 7000
mi
ET"® [GeV]
Example for observed and
predicted events in signal
regions; pure selection Observed

gives best sensitivity
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Total SM background

Entries / 10 GeV

Data/SM

O-lepton (SR-D)

2.5

10°

1-lepton channel, transverse mass

"e Data 2010 Ns= 7 TeV)

— Standard Model
I multijets

@3 W+jets

Bl Z+jets

it

@ single top

@@ Dibosons

---MSUGRA m,=360 m, ,=280

1 lepton: e, u

||III|,|,| IIIII|_|_|,| IIIIII|,|,| IIIII|_|_|,| IIIIII|_l| IIIII|_|_|,| L1

050

2

+14
-1.1

my [GeV]
1-lepton (e) 1-lepton (u)
1 1
1.81+£0.75 2.25+0.94

100 150 200 250 300 350 400 450 500
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SUSY Exclusion

No signal evidence found - exclusion limits using CMSSM and simplified models

MSUGRA/CMSSM'tan[S 3A 0, u>0

;‘ — T T T T T | T T | T T T | T T T | T T —] . .
8 400 _ATLAS pre/[m[nary —— Observed limit 95% CL_T] In CMSSM: Combm_ed
O, AU e — — Medi imit - 0 + 1-lepton analysis
S ~ 0-le ton and 1-lépton combined Median expected fimit 7]
& - -lept P comomed. Expected limit 10 ] achieves best sensitivity
350 - e 35 pb " Ns=7TeV  ___ O-lepton observed  _|
u \ < . §(800Gev) 777 1-lepton observed ] b-jet analysis competitive
- \ T B EP2T” - for large tanf
300 f=- \\ [ LEP2Y -
L - .. \ o ..o ]
| . P TS D _
T NS, [ 1Dox P Exclude equal squarks and
L T NN [ ]Dog g g, M<0 2.1 1b - ui 815 GeV
250 = . T s G e0o Gy N "~ M CDF §,§, tan=5, 2 fb™" giuino Masses o €
RN T at 95% CL

"'-»—-_a.,_,__

200

\ d (600 Ge K q}&oo GeV) j
1 T | }I\\I '|\ | \T-W"T-"I‘~.l 1
200 400 600 800 1000

m, [GeV]

Power-constrained™ limits (PCL) computed from CL,, of test statistics using toy MC

*Fluctuations below —1c wrt. median of expected limits are not allowed
Corresponding CL, limits provide reduced exclusion (overcoverage)
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« 0/1-lepton analyses updated for PLHC with improved signal regions (2+, 3+, 4+ jets)

« Raised M cutto 1 TeV in O-lepton analysis (previously: 500 GeV)

0-lepton channel, M 1-lepton channel, E

T,miss
7
> 105EIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIé > 10 IIII|IIII|IIII|IIII|IIII L
6 F o Data2011(5=7TeV) 3 & . oF ATLAS Preliminary . gf‘;ﬁd";?y,ﬁm (J@V ) ¥
o - f Ldt~165pb' ~ ——SMTotal - g 10 . CImulijets (data estimate) i
S 10't [3QCD mutiet - SH. f L dt~ 165 pb" BB W-ets 3
- = [ W+jets 3 - 10 B Z+jets <
@ - Three Jet Channel g7, icts 3 @ O S
'_E 108 [t and single top E s 1 0’ =g|rtly%lzotrc1)§ g
I E ----- SM + SU(660,240,0,10) E |.|C.| 1 03 ooy ---MSUGRA m0=420 m1/2=300 (3\‘5
C 3 L _' g
102 ATLAS Preliminary = . Muon Channel 3
g 3 10
105— : 3 10
1= E 1
F E 107
10-1 Eol E ] |E E
% 1% | é I
<< HEeee- e T & WU B © :
<
-0.5 : : ' ' ) S S
0 500 1000 1500 2000 2500 3000 00 50 100 150 200 250 300 350 400 450 500

Meff [GeV] ET* (GeV]

Example for observed and 0-lepton (=3-jet) 1-lepton (e) 1-lepton (u)

predicted events in signal
regions; pure selection Observed 8 10 12

gives best sensitivity Total SM background 101 £2.3 145452 122438
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Event with 1.5 TeV effective mass and 550 GeV missing transverse energy

Run Mumber: 179938, Event Number: 12054480
Date: 2011-04-18 17:57:29 EDT

_ IB5ETIGeV]




2011
data

2011 Updates

AIlLA ON | 086

ATLAS-CONF-2011-090

0/1-lepton analyses updated for PLHC with improved signal regions (2+, 3+, 4+ jets)

Raised m cut to 1000 GeV in O-lepton analysis (previously: 500 GeV) to optimise reach for increased statistics

—
~
o
S

1500

squark mass [GeV]

1250

1000

750

500

250

2000

Squark-gluino-neutralino model (massless )’Z?)
' " ATLAS Preliminary

‘!l 0 lepton 2011 combined
| mmmmm Observed 95% C.L. limit
jm—— Median expected limit
= CL, Observed 95% C.L. limit
==== CLg Median expected limit
—— 2010 data PCL 95% C.L. limit
I LEP 27

Tevatron, Run |
oo, } sUGRA/
[ CDF, Run I |
L™ =165pb',\Ns=7 TeV -
Ogysy = 0.1 pbj

-
-
-
—— ]

~ — 10 iRl

m(G)>1.0 TeV (95% CL)

250 500 750 1000 1250 1500 1750 2000

gluino mass [GeV]

400

350

300

MSUGRA/CMSSM: tanfs = 10, A _= 0, >0

- ATLAS Preliminary

|— O lepton 2011 comblned

“,

T T T 11

= L"=1 165 pb’ ! \@_7 Te\f\ ------ CL, Observed 95 % C.L. limit
— - \'T\«,\‘,‘\ ----------- CL, Median expected limit
Eo “‘\‘3‘; % Reference point

C \B —— 2010 data PCL 95% C.L. limit
sy \ ‘\

- === Observed 95% C.L. limit
L Median expected limit

CMS 2010 Razor,Jets/MHT
\g (1000) ) [ | LEP2%

\. | | Dpog3 tan|3=3, u<0, 2.1 fo*
- CDF 53, tanp=5, u<o, 21

IIII|III1I|I

\ | | | | | | | | |

l
1500 2000 2500

m, [GeV]

O-lepton limits on PhenoGrid and CMSSM combining all signal regions
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SUSY Exclusion with Simplified Models

Limits in simplified models (“Pheno-grids™)

. ¢~D~0
-9+ 5 5 production,§—>51+b ,51—> b+§? O-Iepton + b']et m"”’ =50 GeV qq;" QX QX - qu W 1,
;‘ 700 [ T T T T I T T T T I T T T T I T T T T I T T T T I T T T T H g ; 450_ T T T LI T | LI T T | T | T T T T T | T | T
[0} | _ El _ —_— . % C.L. 1o . .
(‘2‘ C ATLAS fL dt=35pb Ns=7TeV obs. limit 95% C.L 7] z q} C ATLAS Pre"m.fnﬂry
EI-DF 600 [ — b-jetchannel, O-lepton, 3jets T exp. limit 95% C.L. ] g o 400__ L =35 pb—1 0 P
T m@) =60 GeV, m(@, ) >>m(@) ] ; :
500 {— A J @ ?XNSSO- 0
- |:| CDF b5, 2.65 " S ~ N 13 L 95% CL upper
- . Y . & " limits on o x BR
400 __ . DObp, 5.2 " /Q’/’ N — 300__ __
D CDF §5,§ —b+b 25 fb T, Reference point ] L i
300 :— - 2501 * *
200 = : 2000 0.6 -3 E
C_1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 9
100 200 300 400 500 600 cad T o I

m; (GeV]

Exclude m(gluino) < 590 GeV for m(sbottom) < 500 GeV

Useful to assess signature-driven performance,

and to discover holes in search strategy
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2-lepton channel (SS)

15080 250 306' 350 450 450 800

m, [GeV

ATLAS-CONF-2011-091
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Inclusive search with 2 photons and E;
Sensitive to gauge-mediated SUSY breaking and also UED models

Observed and predicted Er ,ics SPECtrum GGM: bino-like neutralino, tanf =2, ct <0.1 mm
> T T T T I T T T T I T T T T I T T T T I T T T ] [ T T T T T T T T T T T T T T T T I T T T T I T T T T I T T T T l_
&3 —+— Data 2010 \'s = 7 TeV) ’ E 800 F- ATLAS Prellmlnary y'
10 10 BN QCD = 7m0 B ) E
» L W—ev+ets,W—e y,tivsev+X3 = - f'-dt =36pb, Vs=7TeV ]
= —— GGM m, =600 GeV, ’ 700 £ =
h o 10 m_ =300 GeV - - ]
---------- UED 1/R = 900 GeV e 650 E
ATLAS Preliminary i 600 =
1 o y — .
Ldt = 36 pb e o =
f - 50 B . ATLAS Expected CL Limit E
-1 Nops = 0 500 —— ATLAS Observed CL, Limit = =
10 Noy, = 0.13 + 0.05 o INLSP i
450 —
I :‘ —e— CMS Observed Limit (35 pb™) .
10-2 L1 L1 L1 400 AR AT S N T T AN TS M T Y [N Y T T [N TS [T Y I'
0 50 100 150 200 250 100 200 300 400 500 600 700 800
E_rl‘[liss [GeV] mi [GeV]
Cut E7 iss > 125 GeV sets 95% CL limits:
GGM gluino mass® > 560 GeV; UED compactification scale®**): 1/Rgp > 960 GeV
*% A ~0 A H H ,V "l (*%*) =
™1In GMSB: x, — v + G, giving yy + E; s Signature LKP y* — y + G (UED embedded in in eV-! sized EDs)

= 740 A\ /3 -
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Search for stable squarks and gluinos [ = - 0(100-1000) sec ]
Hadronize to e-neutral or charged colour-singlet R-hadrons: gg, gud’, td,

Detection of charged R-hadrons through specific ionisation loss and time-of-flight

dEldx in Pixel detector < measurements are combined — Time-of-flight in Tile calorimeter
NE 105§ II 8 105§ IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
S E ATLAS det 34 pb —o— Data Ns =7 TeV) S E ATLAS Ldt=34 pb —e— Data s =7 TeV)
O . - [ ]Top -~ . - [ ]Top
> 10°g B Ew _.g’_‘; 10" B Ew
2 - [CJacp 8 - [CJacp
- sl — 100 GeV § S sl —— 100 GeV §
c 10°F T P 300 GeV § g 10°g 1 [oes - 300 GeV §
> = b ’ -.-.- 500 GeV § et E | e - 500 GeV §
2 oL = BG stat uncertainty ° o[ A BG stat uncertainty
S 10°= | . 3 10%E
S = , Trigger: £ E
c - . E;miss > 40 GeV 5 -
8 K '..'" . . zZ = N
w5 10 : 3 10
= u .-t = H E
_g - E q K B - -

Lo/ [ B lf ¢ - L ' H
= 1 E & E 1 Sl '-i' ": I Il 't'n-:'l::':FE:E: L | 1 E| 1 | H : /I: (] 1 1 1 :J N d -
= 1 10 0O 02 04 06 08 1 1. 2 i 4 1.6 1 8 2
-1 o
dE/dx,, ., [MeV g cm?] Prie

- 95% CL.: sbottom R-hadrons > 294 GeV, stop > 309 GeV; gluino > 562-586 GeV

= AP
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Search for long-lived particles reaching muons system
Search for GMSB staus (“heavy muons”) and R-hadrons, ID and calo also used

Detection of slow massive particles through time-of-flight 2> g (mass)
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Model-dependent
limits:

Exclude stable
staus of 136 GeV
in GMSB
benchmark model

Exclude R-hadrons
(depending on
scattering model
and gluino-ball
fraction) up to

544 GeV
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R-parity violating SUSY: single sparticles, LFV, no E;

Consider: dd
A1 V’ A1

miss

>eu, search for high mass eu signature

Observed and predicted e-y invariant mass Limits on RPV couplings vs. sneutrino mass

4 --------------------------------------- ~— T T T TTT T T T T T T T 7T T T T T T T T & L
%J 10 ATLAS I I 0 Data 201 O- Instrumentalé - (<5 f b I ATIL AS I I I H I /
O) . Js=7TeV — Total Bkg. WW/WZ 3 i (b) 7 TeV /
8 10 - Top, e V(650 GeVyg Ns=7Te ; /
> Ldt=35pb' ~ EEZAy—>tt — Z(700 GeV)] 107 f P
@ 5 f = Ldt = 35 pb”’ . .
o 10 5 . P 7 Limits
> = - = obtained
O 10 - - e .

3 - a2 assuming

— -....Jll-l-l-l"", 0

1 ~ 102 - single-
3 : coupling
10" - = 510 = 0.07 dominance
I L =0.05
102 :..-. = 312=0.01
- abie 103 —— Ag,, = 0.07(DO@Tevatron)
2 E E :I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1
) 2 E 100 200 300 400 500 600 700 800
R S < A SO E m, [GeV]
o o : v,
C : Analysis also sensitive to Z’ bosons
00 100 200 300 400 500 600 700 800 900 1000 y

with non-diagonal flavour coupling allowing LFV
me, [GeV]

Limits on RPV coupling: at 95% CL exclude: m(v_) <750 GeV for A, =0.11, 4., =0.07

311
A ] AN Sl #
'\ - = P <l
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Lepton-jets from dark photon decays to lepton pairs
Hidden sector, weakly coupled to SM, allows for new light (GeV scale) boson

Production of 2 lepton-jets from squark pairs Lepton-jets must have high-quality muons and be isolated
dark photon g, decays to lepton pairs c S R IS s s s s ey s s e
. P . = 3L —— -
dark fermion f, (“darkino”) escapes undetected g\) 10 = ATLAS Preliminary Z:;ZMO(\E 7 TeV) %
~ 2 B _ 3
q fd . o 10? :_fl‘ dt = 40 pb j/ Background, domi-
¢ o) E —e— v nated by QCD, is
q % Yy i e Bl vieset ootimated from data
Z+Jet
q ; 10E — :
q — —~ = - Diboson i
d 5( Y4 o —— Signal s = 0.1, ma = 300 Me\V-
N a i
q f .
Search for = 2 lepton-jets with = 2 leptons i
1 | 1 1 1 1 1 1 1 1 | 1 1 1 1 E
1

Zero events observed in signal region,
for 0.20 + 0.19 expected background

- model-dependent limits on cross section of O(0.2 pb

)
A\ 2
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Searches for Other New Phenomena

Excited quarks, contact int., Z’/W’, Leptoquarks, 4th generation, Extra dimensions, ...




Dijet mass and angular distributions as probes of NP
Excited quarks, contact interactions, axigluons, strong gravity, ...

Observed and fitted m(jet-jet) distributions 95% CL o x Acceptance limit vs. dijet mass

4(2 T ‘ T T T T ‘ T T T T ‘ T T T T ‘ T E 3 :\ T ‘ T T T T ‘ T T T T ‘ T T T T ‘:

c n 17 Q - §

o s=7TeV, [Ldt =163 pb = - ——— g*MC10 ]

Lﬁ 10* = ° Dataf E <>E ‘IO3 £ ééMRSTJ oL | 3

- 3 = —_— served 95% upper limit 3

10° - | o E N e Expected 95% CL upper limit -

= --&-- Q*(1000) 3 102 "\ 68% and 95% bands =

- e A G*(1700) ] = \ ]

102 % q*(2750) - B \\ -

= _ ) 10 N\ . 3

10 Multi-TeV probes ! E o ATLAS Preliminary

" Search for b E bW N\ Jrdi=163pbT -

C Search for bump ] = RN \ _ E

1E over continuous <+ E E N \ Ns =7TeV -

- background (fit) ] e S T

10—1 - — 10 1 ? """"""""""""""""""""""""""" E

o CATLAS Preliminary e : A f

o C ] 2L _

% 2 o 7: 1 O E L L l L L L L l L L L L l \l L L L l E
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e & T Resonance Mass [GeV]

@ 1000 2000 3000 4000

Reconstructed m, [GeV] No deviations from SM seen = set limits
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-
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Event with 4.04 TeV dijet invariant mass

Run Mumber: 179938, Event Number: 12054480
Date: 2011-04-18 17:57:29 EDT

_ IB5ETIGeV]




Dijet mass and angular distributions as probes of NP
Excited quarks, contact interactions, axigluons, strong gravity, ...

Benchmark model Observed (expected) limit
at 95% CL
Excited quarks m(q*) > 2.64 (2.12) TeV
Resonant
Axigluons m > 2.67 (2.48) TeV
Quantum black hole (5=+#6) My > 3.67 (3.64) TeV
Nonresonant
4-quark contact interactions A > 6.7 5.7) TeV™

(*) Bayesian limit

Limit on uuqgq contact interactions derived from m(uuw) New limit on size of quark:
spectrum 42pb): A>4.9/4.5 TeV at 95% CL <2.1(3.4)x 108 cm

for constructive / destructive interference

For the record: limit on electron radius from g—2:
R, <4x10~" x 10-"2 cm ~ O(1022) cm

e s e - < J
'\ - = P <l
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Searches for W’ and Z’ resonances in decays to e/ u

Use transverse / dilepton mass to search for excess over SM oL
data
Observed and predicted transverse mass, search bumps Observed and predicted dielectron mass
2] ' ™ ' T T ' ' S ' 3
o 10° ATLAS Preliminary  ® Da,\ta 2011 % 105 ATLAS Prellmlnary &Igﬁ‘{ta 2011 -
TR W — v Bmi’gg;) = - Oaco =
3 4 = Y DDb
o \$=7TeV  Buiey o 10F Jre=terpp’  Gowoun
JLdt=205pb" [Jw 3 1%k \s=7TeV [T ]
10° B: - o [(JZ'(1000 GeV) 5
= [JZ'(1250 GeV) 3
\0? Ettbar E— 102 (JZ'(1500 GeV)g
Diboson 3 =
10 < 10 E
1 E 1 E
10-1 10-1 é
'2 11 1 1 1 1
10 102 10° 80100 200 300 1000 2000
m; [GeV] M, [GeV]
Combination of 2010+2011 (W—uv only) sets Likelihood fit sets limit at 95% CLg,egian:
95% CLg limit: m(W’ggy) > 1.70 (1.77) TeV®) m(Z’ssy) > 1.41 (1.41) TeV®)

T —, = a' * limits for E; Z’ models: 1.12,, —1.26, GeV ; for Z*
N\
\ -
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Searches for W’ and Z’ resonances in decays to e/ u
Use transverse / dilepton mass to search for excess over SM
data

arXiv:1103.1391, ATLAS-CONF-2011-082 arXiv:1103.6

Observed and predicted transverse mass Observed and predicted dielectron mass
m T I T T T T T T T T I T T T I T T T T T I
c 6 -
g 10 ATLAS Preliminary ~ ® Data20ti % 10° ATLAS Preliminary o Data 2011 j
TR W’ — [Jwoo) 3 ozh* =
10 v Ow(ooo) § 10* L dt = 236 b ODiboson g
o \s =7 TeV Owaseo =e30p Wi 3
JLdt=205pb"  [w 5 10°; s = 7 TeV 5gg\éets 1
10° Bz ERRL: [JZ/(1000 GeV) ]
5 .ttbar - : i DZ’(1250 GeV) E
10 [Jpiboson  § 10 J___ , [(JZ'(1500 GeV)E_
10 E 1
1 ERRT

10"

10° e 10° 80100 200 300 1000 2000

m+ [GeV] m,, [GeV]
Combination of 2010+2011 (W—uv only) sets Likelihood fit sets limit at 95% CLg,egian:
95% CLg limit: m(W’ggy) > 1.70 (1.77) TeV®) m(Z’ssy) > 1.41 (1.41) TeV®)

™ v

', ' ‘I/“' ™ limits for E; Z’ models: 1.12,, —1.26, GeV ; for Z*
- e
g i

! = BN B
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Highest mass dielectron event with m(ee) = 920 GeV

Run Number: 180400, Event Number: 77876087
Date: 2011-04-27 23:35:05 EDT




Resonant tt production

Study tt invariant mass spectrum in lepton + jets final states o
data
Top-antitop candidate invariant mass Excluded visible cross section
> ""l'"'I""I""I""l""—= a -ttt et HI
8 10 o 3 i 5| Ns=7TeV dRmin. Syst.+stat. Limit for RS KK
~ ATLAS Prellmlnary . = 10 E— 1 ——e— Obs. 95% CL upper limit E gluon
. F | Ldt =200 pb T .
§ 1 J‘Ldt=200pb-1 - T N I ' P Exp. 95% CL upperlimit 4 @ t
E § O;é I Exp. 16 uncertainty : >&09,QQ<
Jkk = 0.5 TeV N el I Exp. 2 6 uncertainty 7 kK f
101 -4 — —= m 10° 3 Kaluza-Klein gluon E
dkk = 1.0 TeV E » . e .
-+ yellow: SM b ATLAS Preliminary Analysis
B ) not yet sensitive
19 3 10k - to leptophobic Z’
I ] model chosen
107 = "
] s _
10-4 A TR T A P | PR P E PRI T T T T ST T W N WA T A NN Lo o1 3
0 500 1000 1500 2000 2500 3000 600 800 1000 1200 1400 1600
tt mass g, Mass [GeV]

95% Clgayes. limits:

0 x BR(gkk—tt) < 38 pb (my = 500 GeV), < 4.2 pb (1300 GeV) 2 m(ggk) < 650 GeV

Aspen June 2011
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Top-antitop
candidate with
m(tt) = 1.6 TeV

SQATLAS
) EXPERIMENT

Run Number: 180400, Event Number: 54251178
Date: 2011-04-28 03:33:58 CEST

Leptonic top
candidate j;
—\d ‘Hadronic top
\ candidate 6\
[ ¢ . NS
\e SChon ¢,b tagged jet |
Collimation of \ . @

" Missing ET

top decays due
to strong boost




Search for extra dimensions q>§%iy g%qﬁiy

Randall-Sundrum KK graviton G — yy g Y g Y

[, -CONF- |-044
N e

Observed and fitted diphoton mass®) Observed and expected RS graviton limit

> E T I T T T I T T T I IE tl- T t (Ij bll( T T I T T T I T E IEE 2 :l T I L I L I L I L I L I L I L \I\\$§I T l:
o 4 — =stimated bKg ] ~ RS-Graviton 95% CL limit VA=
O 1 f Ldt=36 pb [ ]Bkg extrapolation syst uncertainty = 02 C ravtton Hmits . 7
To) - ATLAS Expected (L _=36 pb’) =
2107 "% o Datavs - 7TeV [ 1o bkg uncertainty band (stat+syst) =3 0.18 - P im0 P =
.."E’ . atavs=7Te [(J20 bkg uncertainty band (stat+syst) J 0.16 —* ATLAS Observed 3
ok " MC Giggey Grooboy Grooooor | 0.14f — DOvr+ee (L =5.410") E
m § g 0.12F — CDFyy (L, =5.4 fb) =
- - 0.1 =
TE = - 3
E 3 0.08 = 3
- 1 0.06/ =
10 3 oo .
[ ATLAS Preliminary ! 0.02 ATLAS Preliminary -
'2 1 I 1 1 1 I 1 1 1 I 1 1 1 1 | I 1 _l 1 I 111 I | I I - I ) N I | I ) N I | I ) N T ) N I | | I - 11 I_

10 200 400 600 800 1000 1200 0 500 600 700 800 900 1000 1100 1200 1300
m,, [GeV] mg [GeV]

95% CL, limit: M > 545 (920 GeV) for k/Mpg, = 0.02 (0.1)
™Preliminary analysis using loose photon identification
NP |
748 J h\. /} e PRV
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Search for 15t and 2" gen. leptoquarks N
Study scalar LQ pair production to /ljj and /vjj final states . 1Q g
1
Observed and predicted ave. M(LQ) in eejj channel Observed and expected 2" generation LQ limit
o M T basotosrTeyy 4 S E T
(LCD) u I V+jets 4 1 0'95_ ,,,,,,,,,,, E
s 12 Top {1 g o8 ATLAS
(7)) - @ Diboson 1 2 c “ 3
‘qs:‘J 10 —— LQ (m=300 GeV) . ““1: 0.75 2 =
> - e LQ (m=350 GeV) 1 = - ’ R =
- s | | e LQ (m=400 GeV) - 0'65 \s=7TeV 5
C i 0.5 —
N ATLAS ] - f Ldt=35pb" 3
6 1 7 0.4F SN iy =
b f Ldt=35pb e 035 — = i + i (Exp)
- s E st = uujj +uvjj (Obs.) 3
n : Require large p, My, 0.2 P DO (1 fb™) =
2= vl ... E and dilepton mass ] 0 b= CMS (34 pb™) E
C S I ] : [hep-ex/1012.4033]
: i i ] o b b b b b
0 200 300 400 500 600 700 800 QOO 250 300 350 400 450 500 550
Average LQ Mass [GeV] M [GeV]

95% CL limits on M(LQ) for 15t gen: > 376 (319) GeV; 2"d gen > 422 (362) GeV for 5= 1.0 (0.5)

A ] AN Sl #
'\ - = P <l
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Search for extra dimensions - trans-Planck physics
Microscopic black hole search in multijet and same-sign dimuon events®

Scaler Zp;in events with 2 5 jets

> T T AL |
5 ATLAS Preliminary i
S 102k \s=7TeV -
) - -1 -
N Datadet=35 pb E
Lﬁ : + —— NJZ 5 :
+ —— N;<5 normalized
10 > E
: Nobs =7
‘ ‘ Ny = 3.7 £ 1.
= ‘—| T E
10, L, Lot e iy I B B T B =
To) ]
(V2R Y B ) B a o A ]
ZN_: _ +[ et .
0 1500 2000 2500 3000
b P, [GeV]

Aspen June 2011

*)BH signal simulated with BLACKMAX 2.01

Track multiplicity in same-sign dimuon events

.'g TTT I T TT IAITILIAISI IpllLelllirlr]liIr]la.lrlyl I LI I_.I_I IDIaItaI. T I TTTT _I_
2 10° = ' — Standard Modst
- - i Ns=7TeV, f Lat=31ps"  |[u+fake ]
- : B ]
ob
108 : ---Mp=3TeV 3
- Expectation for non-rotating BH .
i with M, = 630 GeV, M, =3 TeV
1= - '_."_I_ L E
e |..I Py .-
10 = Lo by by by 1y Ntracks Wlth

5 10 15 20 25 30 35 40 pr>8GeV

Fiducial non-SM cross section limits :

| X%‘ d, I
=8 : e
s -

* Multijet analysis: o x BR x A <0.29 (0.19) pb
SS dimuon analysis: o x BR x A <0.18 (0.28) pb

Also BH limit from t + X cross section: My, > 2.35 TeV
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Search for long-lived highly ionising particles* (HIP)

Heavy particle with Q..i.~0(10e) = large specific energy loss in detector

. Fraction of TRT high-threshold hits < combined - Fraction of leaked calorimeter energy in EM layer 1
U) 10 % T I T T T I T T T | T T T | T —‘II T I T T T | T ? (/J 5 El I T T T I T T T I T T T I T T T | T T T | I%
S F amas e data3.1 pb 1 g0  ATLAS data 3.1 pb” =
B 10°E \s=7TeV Standard Model MC = o F \s=7 TeV Standard Model MC 3
-8 E e e T Slgnal, IQ|_=10e, et 3 -8 104 E .': Signal, |q|=10e’ =
“= - Jrot : 1 = 10° " =
2 10°E = 2 = ]
8 E ] A = 8 102 B B N
P _ Mip R, e ' ] :El.' ﬁ:
EWwe [ Noindication § §  E :
p 10‘;_ for HIPs : —él Z 10%-_ E

- . i P | R F: L RN HE I -

107 02 04 06 08 1 1077 02 04 06 . 1
f Wi
HT

Analysis on low-luminosity data only to benefit from 10 GeV E; EM trigger threshold
95% CL limits: 0 < 3-12 pb (for DY mechanism) for 6e < |Q,| £ 17e and 0.2 < myp < 1 TeV

Bayes.

**) Examples for models with HIPs: Q-balls, stable micro black-hole remnants, magnetic monopoles & dyons
= I\ S g
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SUsY

MSUGRA : 0/1-lep +E

MSUGRA : O-lep + E

Simplified model : O-lep + E
Simplified model : O-lep + E
Simplified model : 0/1- Iep + b-jets + E
Pheno-MSSM (Ilght X ) 2-lepSS + E
Pheno-MSSM (light X1) 2-lep OS . E
GMSB (GGM) + Simpl. model : yy + ET .
GMSB : stable®

Stable massive particles : R-hadrons
Stable massive particles : R-hadrons
Stable massive particles : R-hadrons
RPV (1;,,=0.11, 1,,.=0.07) : high-mass eu

T,miss
T,miss
T,miss
T,miss
T,miss
T,miss

T,miss

311

Large ED (ADD) : monojet

UED :yvy + E_
T,miss
RS with k/M, =0.02 :m,,
RS with k/M, =0.1 :m,,
RS with top couplings gL=1 .0, gR=4.0 im,
Quantum black hole (@BH) : m;q,, F(x)
QBH : High-mass o, , ,
ADD BH (M,/M_=3) : multijet Zp.s N
ADD BH (M, /M_=3) : SS dimuon N

ch. part.

qqqq contact interaction : Fx(mdiiet)
qquu contact interaction : m

.................................................. L0
SSM:m,,,
SSM : my,,

Scalar LQ pairs (8=1) : kin. vars. in eejj, evijj
Scalar LQ pairs (5=1) : kin. vars. in pujj, uvjj

fam|Iy coll. mass in Q,Q,—~ WqWq

4' famlly d d — WitWt (SS dilepton)
Major. neutr. (V A_1 TeV) : SS dilepton

Excited quarks : m;,
Axigluons : m;,,

4-ferm.”

*Only a selection of the available results shown

ATLAS Searches” - 95% CL Lower Limits (June 6, 2011)

g mass
g mass
g mass

g mass

RS graviton

L=36 pb™' (2010) [arXiv:1103.3864 (Bayesian limit)]

L=42 pb™ (2010) [arXiv:1104.4398]

L=167-236 pb’" (2011) [ATLAS-CONF-2011-083] 1.41Tev.  Z' mass

L=36-205 pb™' (2010/2011) [arXiv:1103.1391, ATLAS-CONF-2011-083]

1 gen. LQ mass
2" gen. LQ mass
Q, mass

d, mass

N mass

Compact. scale 1/R

RS graviton mass
KK gluon mass

5 mass ATLAS

g mass Preliminary

f Ldt = (31 - 236) pb™

M, (5=2)

mass

M (6=6)
My
(6=6)
6)
67Tev. A
49TV A
1701ev. W' mass
q* mass

axigluon mass
] ] Lol

10
Mass scale [TeV]



Paper Statistics in SPIRES |S SUSY out already7

Supersymmetry

Extra dimensions
- Little Higgs

-
(=
>

I IIIIIII|

I I L I I [ LI I

------------ Technicolor ) =
Higgsless Not quite ... yet! 3
....................... Hidden valley/sector But the interest seems to decrease?

10° —

i

-
(=
N

I TTTT

-
(=]

I lIIIIII|.

|||||

1

Illl

—_ :l - _.| ;, Z| :I (- ||:|; || L J N
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-
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=
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.......

Number of Papers with Keywords in Title

1980 1985 1990 1995 2000 2005

Caution: serious science!

Blunt extrapolation for 2011



Paper Statistics in SPIRES

g LHC I I I T I I I T I I T T I I E
= 900 ATLAS —
= 800 oms E
g ------------ Tevatron -
o 700t i —
g F :
& 600 The LHC cumulates the hopes =
£ sgof (and fears) of an entire =
S - generation of particle =
»w 400 = physicists... =
S - L] -
S 300 =
n' E b " " B L J_ E
"'6 200 :_ " .5--5."-."—:
'q_a — - . =
B MO0 e gpe] e T
g % TYTOT L ! é‘!"l_; RN S T A R R R IIIF"'I"'?---I--J"’_"
Z 1980 1985 1990 1995 2000 2005 2010

Caution: serious science!

Blunt extrapolation for 2011




Conclusions

1

ATLAS is mining its data for the expected and the unexpected A
— 2010 data -~ fully analysed, strong effort on 2011 data - EPS, LP, ...

Search for the SM Higgs boson

& /

4%

—  First full ATLAS maximum likelihood combination of 6 Higgs analyses

— Touching 95% CL exclusion at 160 GeV [ expect 145-190 GeV with 1 fb-1 ]

Searches for beyond-SM phenomena

— Large amount of search analyses performed, exclusion reach between
300 GeV and 6.7 TeV obtained, SUSY in MSUGRA excluded up to 950 GeV

— Intensive work on detector and background understanding pays off

— Analyses in “factory” mode, setup to fast conduct new searches

erb < At

No new physics in 2010 - expect ~100 x more data in 2011

N\

4/

9.
ey /L

=
. .

I
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Frank Zimmermann, ATLAS week

Luminosity potential of present LHC

L — f;fevnlejz 1

ArBe 1+ 02

How to go further?

50 ns spacing:

n,: 1092 — 1380, N,: 1.2x10""—1.7x10"" (double batch inj.)
p*: 1.5 —>1.0m
Total gain ~ factor 4 — 5x1033 cm2s-1 at 3.5 TeV

25 ns spacing (e- cloud in SPS & LHC!?):

n,: 1092 — 2808, N,: 1.2x10™

f*: 1.5 —>1.0m, ye: 3 um — 4 um

Total gain ~ factor 3 — 4x1033 cm2s-1 at 3.5 TeV

Another factor 4 from going to ~7 TeV (&p*~0.5 m)
2x1034 cm=2s-! at ~7 TeV does not appear impossible

=
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;
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—_— ‘ :

—
—




Extra slides...



Higgs Searches at the LHC

Total Higgs cross section x BR versus M,

E 1 02 T T T | | | T T :_: T T (i) T T |§
2 . H—-WW' '—Ivqq I
o = H-wwW s v
2 10 PP — H, \'s=7 TeV —H-22"-lg 3
o e Hoz20 vy
- H 20 T
1 B= Hory E
1l N
10 g \%
] ]
10° .
1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 — =
100 200 300 400 500 600
my [GeV]

Aspen June 2011

Cross section uncertainties include
« Missing higher-order corrections
» PDF uncertainties
* aguncertainty
* BRs: < ~2% (neglected)

Uncertainties per production mode
* +(15-20)% forgg — H
« +(3-9)% forqq —qq +H
e 5% forqg’ =H+ W/Z

t

--H

|

v
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H— yy

Clean discovery channel for light Higgs: o x BR (115/140 GeV | Vs=7 Tev ) = 48 /28 fb

Select tight & isolated photons; requires excellent E, resolution, efficient & pure photon ID, primary vertex

. Dominant backgrounds:

= L I I I ]
& - + 2011 Data .
8  250F data-driven composition 3 y+ v (“irreducible” — not quite)
5 N vy expected ]
S o0obs | EEEEEE yj expected e g y
= C BEEEEE jj expected . q q Y )
L°>,j 150 EEEEE DY expected . _‘_‘\/\/\/\/\/’ _’_‘\/\/\/\/\F U e sVAVAVAVAYS
sob- — f Ldt=04 pb’” E Y Z
C ] Quark annihilation  Brensstrahlung, O(c?as)  Box diagram
ot , L — e (dominant: O(c?))  and quark fragmentation  O(c?ag?), = g-ann.
vy Vi i DY

y + jet and jet + jet (reducible, but ~108 x larger than yy)

8 q 8 8
Backgrounds composition measurement with
calorimeter sideband techniques
QCD processes
Agreement with (imprecise) theory predictions suffering from
q. Y & g large uncertainties
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SM Higgs Exclusion Potential

ATLAS combination of individual channels for 2010 data / statistics comparison

2
£ on | .
3 L ATLAS Preltmlnary —e— Observed, PCL
- o ol T Expected, PCL
cC) 10 = \s=7 TeV 1 = 1o, PCL =
= - 4+ [ J+20,PCL =
= - f Ldt~35pb  _g  Observed, CL,
_ L R D I Expected, CL
s
_I —
@)
o\o 10 = =
To) = 3
(e)} C ]
1 = -
— Tevatron exclusion .
B |:| LEP exclusion _
100 200 300 400 500 600
my [GeV]

Combination using
maximum likelihood fit
taking into account
correlated nuisance
parameters

Uncertainty on cross
section included in SM
expectation

Also indicated are LEP and
Tevatron 95% CL exclusion
regions

Comparison of PCL with CL{ results for observed and expected exclusion limits
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SM Higgs Exclusion / Discovery Potential

Luminosity required to exclude, see and discover an SM Higgs at Vs =7, 8 TeV

—_k
\*}

R Bt ATLAS Prellmlnary (Simulation) ¢ : |-

=t v --@+ 50 \s=7 TeV | —o— Bo\s=8TeV . -

o 10— ‘. -l-' BoNs=7TeV —Ei— B \['s=8TeV ; ' ]

e : --A3 95% CL\F =7 ToV-* —A— 95% CL\F =8 Tev g

E b \a | 3

3 8_—A """ ’ """ O .»__

T b : i

+ B [ I —

© 6_ ........... .‘ .......................... LU Brrssnrn s

> 4 7

= B i

Y O T O O R T ATN A
2 R O e (PPN P SR M o —
900 120 150 200
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Search for 15t and 2" gen. leptoquarks N
Study scalar LQ pair production to /ljj and /vjj final states . 1Q g

2 jets with pr> 20 GeV, |n| < 2.8, no cut on dijet p;

> __II T T | T T 1T | T T 1T | T 1T | T T 1T | T T 1T | T T 1T | T 1T I__
o 2000F ATLAS Preliminary .
018002— elu + Eo +=2jets e Data 2010 —
~ 1600 ) QCD =
*UE) - f" dt = 35pb’” Il Dibosons .
) 1 400 n , . ]
> - ,//% B W+jets .
_”;1200:— e B Z+jets e
10001 Top =
-§ 8003— 7, Syst. error _f
Z 600F =

400 =

200¢ LT3

OO 50 100 150 200 250 300 350 400

m; [GeV]

A\ 2
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=< SUSY Higgs: a, — uu

w

NMSSM expands Higgs sector by scalar singlet - adds h,, a, (CP-even/odd) fields

Higgs phenomenology dramatically altered if h,—a,a, dominant. o x BR depends on tang and a,—a, mixing
Search for a,—uu (BR ~ 0.5%) in mass ranges 6—-9 and 11-12 GeV (cut out Y,_55), tight muon-pair selection

% 1 05 E T T T T I T T T T I T T T T I T T T T I T T T T I T T T T E '3‘ T T T T I T T T T I T T T T I T T T T I T T T T | T T T I:
= .. 3 ol i ]
3 - ATLAS Preliminary - = 1600 ATLAS Preliminary det _ 39 pb1 =
o o 1 _ S \s=7TeV .
8 \Fs=7Tev,det=39pb T =
% 10°E = .
.0 = 3 ]
c - . . ] —— Observed limit E
L B ) - ' T . ]
103 m ...,: oo..:,.“.,."! EE==s  Expected limit ]
i. o 0-0“’“.“ Data : Before the LR selecticin E —:
r —e— Data : After the LR selections B 7
- - MC : m(a) = 6.5 GeV . - ]

102 |:|MC:m )=7.5GeV —

(a,
|:| MC :m(a) = 8.5 GeV
(

|:| MC :m(a) = 11.5 GeV
| ]

=

6 7 8 9 10 11 12

m,, [GeV]

Upper limit on o(gg — a, — uu)

Example:
oxBR ~ 3 pb for m(a )=8 GeV, tanf=10, cos6 =0.1
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Search for 4t generation quarks
Study Q, pair production to 2 x W(—[v)q final state (OS)

Observed and predicted coll. mass for M(Q,)=250 GeV

L I L I L I LI I L I L I L I L I T T T 7T
ATLAS Preliminary f L=37pb"

B [l single top

[ diboson [JZ—ee

[(Jz—-uww [JFakes

Bz~ [Q,M=250Gev
® Data

NEvts

Kinematic constraint (as for
LQs) from equality of both
reconstructed Q, masses

0 100 200 300 400 500 600 700 800 900
[GeV]

Mcollinear

4.5
4
3.5
3
25
2
1.5
1
0.5
0]

Observed and p

redicted coll. mass for M(Q,)=350 GeV

100 200 300 400 500 600 700 800
[GeV]

IIIIIIIIIIII I
ATLAS Preliminary |L = 37 pb”

B [l single top

[ diboson [z —ee

|:| Z—uun |:| Fakes

Bz-~ [Q,M=350GeV
® Data

H; cut tightens with
Q, mass hypothesis

IVlcollinear

95% CL¢¢ limit M(Q,) > 270 GeV, applicable to u, and other exotic Q,-like quark models

Y i -
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Event Number: 25360846
Date: 2011-04-22, 20:17:34 CET




