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Prelude

R Fact: We are looking for new physics. Why?

R Necessity to explain the origin of the hierarchy problem, the
mechanism of electroweak symmetry breaking...

R Standard Model is low energy effective theory.

@ Many models of new physics predict new heavy resonances
decaying into di-leptons (e, 4, T, V).

String inspired models

Extended gauge symmetries

Left-right symmetric models

Extra dimensions

Technicolor

Etc...

2 2 3 3 8B &

@ ATLAS is sensitive to a broad array of new physics. We will address
the discovery potential of some of these new physics final states.
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ATLAS Detector

Muon Detectors Tile Calorimeter Liguid Argon Calorimeter

| amas :

7000 tons \
Diameter 22m

Length 46m '
Peak 2T solenoid \ \
\

B Field 3.9T (peak) BA toroid
4.1T (peak) EC toroids

Toroid Magnets  Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker

PERFORMANCE
Tracker Si pixels, strips + TRT (pid) o/p; = 5x10%p; @ 0.01
EM calorimeter Pb + LAr o/E =~ 10%/VE @ 0.007
Hadronic calorimeter Fe+scintillator / Cu + LAr o/E = 50%/VE @ 0.03
Combined Muons (ID+MS) 2%@50GeV to 10%@1TeV

Isabel Pedraza-DPF2009 3 7/30/09



Lepton+MET final states
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)
R W’ in the Sequential Standard Model:

R W’ 1s an additional heavy gauge boson

R W’ has the same couplings as W to left-handed fermions;
no interaction with other heavy gauge bosons (W, Z, Z’)

R Lower bound on W’ mass (direct searches): ~1TeV

I
« Standard Model backgrounds: )
c W—=1v (e u,7) W’
* QCD (dijets processes)
* tthar
q v

W’ signature:

* High energy lepton accompanied by missing
energy coming from the undetected neutrino.
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Event Selection

&R Good reconstructed electron/muon
R Just one lepton with p>50GeV

R EMs>50GeV

xR 2 pTleptons / ( > pTleptons+ > ETMiSS)>O. 5
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W?

R Expected luminosity for a 5 0 discovery (number counting)

o I
2 ATLAS .
> 10°F . E
-a :
2 - !
E 102k - : .
-
S 4 woeu
- o W-npuv
10k A ©  combined -
- ® A W'— ev (systematics)
- m W= uv (systematics)
i g ® combined (systematics)
1 8 1 . N N N 1
1 2 3

M(W’) [TeV]

*Electron, muon channels studied

*Worse muon resolution at high p;
Possible discovery above TeV limits (1TeV) with O(10pb-!)
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Z)

q
Z’ 1n some representative models: vIZ1Z
® Sequential Standard Model 2’
®R Eg(Zy, 2,7 )
® Left-Right Symmetric models (Z’; gpp, Z'arrv) 9
Z' Model | Indirect Searches (GeV) Direct Searches (GeV)
ete~ Colliders | p*p~— Colliders
Z, 630 781 864
z, 481 366 853
z 619 515 933
Z! psus 804 518 -
Zhour 1787 1018 966

* Standard Model backgrounds

Table 1: 95% C.L. limits on various Z' models.

e ForZ —ee, U U

e Drell-Yan
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e For

Z’—TT
ttbar
QCD
W+jets
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R Event Selection
R L= U

® Two muons with p>30GeV

R Opposite charge
/' — ee
R 2 electrons

R At least one with p;>65GeV

R Opposite charge

B
%120
100 ATLAS
%0 MWz
- [Cttbar
60 [Jach
n [ JW+jets
a0 Drell-Yan
:
% 800 1000 1200 1400
Visible Mass GeV
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Z’

ATLAS

T IIlIIII| T T IIIII|

)
%
|

—— 1 TeV Z' , - parameterization ||™
— — Drell-Yan - parameterization
- 1t 1TeVZ y - ATLAS simulation

bl b b by by by b Bl b Bl s
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M (GeV)
8:— COR Z, —> r Z-
g ATLAS .
i R T selection
6 Wz ]
i3 Clttbar R Opposite charge
e o EMs>30GeV
s preliven o m>300GeV
13 ®R po<70GeV
S BN =R ® m,>300GeV
00 200 400 600 800 1q00 1200 1400 Y13
Collinear Mass GeV R COSA ¢1h>_0.99
10 7/30/09



:EZ:’

Expected luminosity for a 5 0 discovery

)
_1 7' =
L (b )7 ‘
ol T 2y
| A 2
| e 2 ol
N + Z'X i
1
L ATLAS
10
-2 | | | | | | | |
101000 1500 2000 2500 3000
M, (GeV)

As little as 100pb! of physics data could yield a 5o discovery.
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Z’

Z’ — ee, m=1TeV

Luminosity (pb™

A Z’
_I_Q 1E T I T T T T T T T I T T T T T 3 0 1 T ||A||Ti|Als| |||||| >|.<| T I'\llolsly;tlerlr];tilclsl T I T T 17T I L I LI
O = ¥ No systematics = O X
- 1 0'1 = A TLAS X Trigger = —1 0_1 i E:ggg: + DY (9% nuisance parameter)
= ° T(r)igger + DYI (9% nuisance parameter) | 3 , : R 300um misalignment
o A 300um misalignment ] - 300um (+-150 um nuisance parameter)
10 2 :E 300um (+-150 um nuisance parameter) E: 10 O All systematics
- O All systematics ] 3
- 3 -4
10 E E 10
- : 10°
10°E E
10°Eg E
= 3 1 0-7 5 o discovery potential \ \
10-755 50discoveryp0tentia| \E] EE 10-8IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
B 1 I 1 1 1 1 I 1 1 1 1 1 1 1 I 1 1 1 I 1 H 5 1 O 1 5 20 25 30 35 40 45
5 10 15 20 25

Luminosity (pb™)
*Different systematic errors were applied for two benchmark models.

*As little as 50pb-! of physics data could yield a 50-discovery.

Isabel Pedraza-DPF2009 12 1430/09



Z?

Lgm ™ T T

—— 5c Discovery
— 3o Evidence

Luminosity [fb”]
N )

-1
1077 ATLAS
Preliminary

500 1000 1500 2000
Z' mass [GeV]

*/’spp With-a mass up to 1.2 TeV could yield a 5 sigma
significance with ~1fb-1 of data
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0 rcand Wrc

R One of the most promising search channels is
the dilepton decay of the 0 p-and W .

R The “Technicolor Strawman Model” or TCSM
1s used as a benchmark model for generic
strongly interacting theories.

R The limits set by CDF rule out 0 ¢-and W
masses below 280GeV for a particular choice

of the TCSM parameters.

Moy wr (GeV) 400 600 800 1000
Peak mass (GeV) 403 603 804 1004
G (m) (GeV) 13 22 34 46

* Standard model background
e Drell-Yan
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The meson natural
widths are less than a
GeV, so the observed
width 0 (m) 1S
entirely due to
detector resolution.
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R
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Integrated Luminosity (fb™)

o

N

Ao 500 600 700 800 900

0 rc and wTC

R Event Selection for muon channel

pr>30GeV

Trigger selection

Well reconstructed muons
Opposite charge

Mass window £1.50

Il|IIII|IIII|IIII|IIII|IIII
ATLAS

-~ 5 ¢ Discovery
—— 3 ¢ Evidence

.-’
-

-’
.

Mass(p..o) (Ge

Isabel Pedraza-DPF2009

1000

15

13§ N ATLAS
11 -
@ 10" o o M=400 GeV
- - AM =600 GeV -
w0 9of ]
z
Se T E
S > 3 4 5 6

Window Size (o)

* Discovery Potential

Including estimated early
alignment: +50% luminos
needed

ity
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(Graviton

R Randall-Sundrum model addresses the hierarchy problem by
adding one extra-dimension. It predicts the existence of a tower of
Kaluza-Klein exitations of the graviton.

)

D-dim
extra particle
™ sidimensions
: E2 = 62 +\p2extra * IT12
| space KK mass —
vazs| [
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Graviton

R These graviton should be > »
observable as resonances which auark\)
decay into lepton pairs at LHC.

antiquark/

Particles

undetected
/ KK particle
virtual gluon

R The current limits depend on
the parameters of the model,
and range from several

jet of

Particles particles

hundreds GeV toone TeV Model Parameters I'c Om 0 -BR(G —ete)
meg k/My | [GeV] | [GeV] [fb]
500 GeV | 0.01 | 008 | 4.6 187.4
» Standard Model backgrounds |7socev| oo1 | 010 | 64 27.7
e For G —ee 10TeV | 002 | 057 | 7.9 26.0
12TeV | 003 | 162 | 103 22.4
* Drell-Yan 13TeV | 004 | 298 | 114 253
* All other backgrounds are |7 ;o [ 005 | 502 | 131 26.8

expected to be small.
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Graviton
G—ee
- —=see—

*The observed distribution includes a graviton with mass 1
TeV and coupling « /M ;=0.02.

“3 F histogram - expected §

. S 10k full circles - "observed" _|

&R Event selection 8 ¢
Al = _

R Two electrons 2 1E 5
C - -

®R pr>=65GeV g i
- —

® cosA o, <0 10°F
j0?t ATLAS } _

Ey| P [ .

1l |,| 1 |,|,|,| 1IN
1600 1800 2000
M. (GeV)

=_1 | | | | | | | | | | | | | | |
400 600 800 1000 1200 1400
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(Graviton

R Discovery potential as a function of the graviton mass.

5 T I R B
= B ) . _
S - 50 Discovery Limits -
00250 o 35 Evidence Limits E
- 1 .

- \s=14TeV .
0.015— -
0.01— —
0.005F ATLAS -

1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1
600 800 1000 1200 1400
Graviton M (GeV)

For some values of k/M_,, possible discovery with O(100pb-?)
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Example of the potential of the early data of LHC
W — ev, uv

&R The early run of the LHC is expected to be at Vs=10TeV.

< With this we can have new physics showing up.

R The lowered center-of-mass energy, at 10TeV, degrades the
production cross section, thus the sensitivity. In the case of the
W’ —lv the fraction left for the cross sections for signal and
background are:

W m=1TeV W m=1.5TeV W m=2TeV W’ m=2.5TeV

51.54% 40.37% 34.50% 27.40%

62.60% 56.43% 63.08%
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do/dM,[pb/0.04TeV]

—

Example of the potential of the early data of LHC
W —=ev, uv

T T T T I T T T T I T T T T I T T + W,a e’vas=14Tev S‘ T T T T | T T T T I T T T T I T T + W,a I-"'vyvs=14TeV
103":' ¢z W —ev,Vs=10TeV ® 0%k ¢ W —=puv,Vs=10TeV
ATLAS W—ev,Vs=14TeV % ATLAS W = uv, Vs =14TeV
102 , W—ev,Vs=10TeV S 10? ] W — uv,Vs=10TeV
10 work in progress < i vs=14Tev 2 0 work in progress - i vs=14Tev
°o  tf,vVs=10TeV = o tf,vVs=10TeV
1B+ DiJets, vV s=14TeV % 16 % DiJets, v s=14TeV
ol e DiJets, vV s=10TeV . Npi o DiJets, vV s=10TeV
107" g ‘T’“”,,";;W+ > =10 fﬁ%ﬁu MRS
. + @
_ _é; @) L)
10—2 i 8’. Py 10 2 Gty +++ +
S o S % T ;
Jnd i ; (ot W ﬁ#' T ‘
107 . ! L
10_5 [ P PRI R T IIi L “ ! P I PR R T 10_5 A SRR A REEE N e ”
0.0 0.5 1.0 1.5 2.0 2.5 3.0 0.0 0.5
M, [TeV] [TeV]

R The signal and background remain without significant
modifications on their shape for Vs=10TeV.

Isabel Pedraza-DPF2009 21 7/30/09



Example of the potential of the early data of LHC

W' = ev, uv
R Exclusion limits W’ — ev

F'H : 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 '_I_E
e — .
Q B z —
— _ number counting ]
E 10° fit-based B
3 E

I ATLAS ]
107 - D . =
- work in progress E
10 Excusion with 95% C.L. —
:I 1 ! 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 1.5 2 2.5 3 3.5

M, [TeV]

W’ is one of the searches that can be done 1n the first run of the LHC.
With O(50pb!) of well understood data we can either discover it or exclude it
beyond the current limit.
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Conclusions

— S

R A selection of analyses on new predicted particles with Di-lepton and
Lepton+MET final states was presented.

R LHC and ATLAS constitute a powerful tool to discover or exclude new
particles.

R 14TeV studies have shown that the existence of a W’ and Z’ could be
established at the 5 sigma level even with O(100pb!) of integrated
luminosity

& The initial run of few tens of pb! at 10TeV would be enough to go
beyond Tevatron limits in most of these models.
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BACKUP
i
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Fractional energy resolution

Electrons

— R

R The QCD cross sections at LHC are 10 to 100 times higher than at the

Tevatron

0.05—'|. LB LI T T - g T — T T T T T [ T T L LA B T 7]
- - = = LI ® | ikelihood
0.045 1| All=03 ATLAS 8107 flees,.. A Tight (TRT) cuts _
- — () - ’o... 0 i i . -
0.04E ohl=1.1 : e = eeen Tight (isol.) cuts E
0.0351 50 = N "ooee, §
0.03- Hm == = - .
0.025— = 104 = =
0.02} i - : E
0.015 . ) -ﬁ: ____________ o = B ]
= e e — - .
0.005% = - ]
= S SN S IS S PR SIS IR S S Hl N R R B B
% 20 20 60 80 100 120 140 160 180 200 60 65 20 3 80 85
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R With 100 pb-1, clear signals for W and Z in T channels

R Z— T T can then be used to set the ET miss scale to a few %

Tau leptons

— S

R T reconstruction is tricky and relies (not for very first data but soon after) on

_multivariate techniques.
£ f 1 To12000-
S 250(— -1 &
2 | ATLAS 1 S
g . ™ 1000
n - - 1%} -
£ 200 4 5 I
2 Mean= 53.8 GeV . 7 800
2 1501 o=10.6 GeV ] E
gl ] 600 -
a b -
100: 1 400
| — Signal ’
50— --- Background ] 200
% 60 Eo °~0 1
Visible m_ (GeV)
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e Wty

e QCD (JO+J1+J2+J3)

Bl wW-ev
B W-—-uv
~—e Z-sTT
FeN z-sece
e ttbar

J

ATLAS
! | A )

5 6 7

8 9

Track multiplicity

7/30/09



