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ATLAS detector
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Tile calorimeters

LAr hadronic end-cap and
forward calorimeters
| o/E = 50% / NE(GeV) & 3%

. LAr eleciromagnetic calorimeters

Toroid magnets
Muon chambers Solenoid magnet | Transition radiation tracker _

Semiconductor fracker olpr= 5 x10% p; @ 0.001
Full coverage for [n|<2.5

alpr= 10% at 1 TeVic



ATLAS status

ATLAS will enter the 2009/2010
running period with
- very few dead channel (~ 1%)
- low and well understood noise

E b ATLAS COSMIC 2008 PRELIMINARY
> = dgesseseee .. ® Cells, [E[>20
é 10-2 ;:’ +* .,+““‘.‘ Il Topo clusters
Missing E; performance wE ", e
on random triggers wk oo tt.% L
For all cells/clusters with E>20,65, W H T % i
sum EX and Ey : \ ! ! - ! | r | \
0o 2 4 6 8 ~.10 1214 16 18 20

NOW f/;\/e d (Exmiss)z +(EYmiss)2 (GeV)
BSM-LHC 09



ner-x

Breaking mechanism

* mSUGRA Neutralino LSP
- GMSB  Gravitino LSP

- AMSB

- Split SUSY

=Production dominated at LHC by

strongly interacting particles: G,

=Cross sections depend primarily
on masses
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ATLAS baseline s’rr'ategy

P
nji“

g and g typically heaviest
g/ ==
= complex cascades to LSP / {
P Wog )

Use mSUGRA/RpC as benchmark
Span broad parameter space

SU1 m(g)~830 GeV, m(q)~750 GeV, o~11 pb
SU2 m(g)~860 GeV, m(q)~3500 GeV, o~7 pb
SU3 m(g)~720 GeV, m(q)~620 GeV, 5~28 pb

SU4 m(g)~410 GeV, m(q)~410 GeV, c~402 pb
SU6 m(g)~900 GeV, m(q)~850 GeV, o~6 pb

ey /2
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Inclusive analysis

Baseline selection: Mse=Zi|pr(jl+ Ex™ss [+ Z; Ipr ()I]
S+=transverse sphericity
=>4 jets, E{™ss>100 GeV,
ETmiss> 02 Mefff ST > OZ Background-like:  Signal-like:

Aq)(jet, ETmi55)~0 A¢(jet, ETmiss)>>0

= exactly O or1 or2 leptons (e or p)
" AG(j, E{Miss)>0.2 or M+ (4, E{"iss)>100 GeV /

QCD multi-jets strumental fake Emss
Top quark pairs

Background's

W, Z with additional jets } real Emss
WW/WZ/ZZ/single top

ATLAS emphasis: data driven estimates
BSM-LHC 09 6



Inclusive O lepton analysis
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High sensitivity!

All results for 1 fb? integrated luminosity: need confidence in

detector performance, trigger, reconstruction, backgrounds...
[sensitivity to SUSY beyond the Tevatron already with 10 pb]

BSM-LHC 09 7



S QCD multi-jet background
Step 1: Measure Gaussian response function Ri—1+ P ()
balance in y+jet events pr(¥)|°

Step 2: Measure non-Gaussian response in "Mercedes" events

) U Arue) # i Eme

on 'seed events (low E{™ss multijet)
= smear all jets, recompute E{miss,
normalize at low E,™miss 1 | p—

v b P b ab g Poalis =
0 100 200 300 400 500 600 700 800 900 1000
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% 10°c ATLAS - |
;‘ - Full smearing function R— . / : 1.. Fluc’rua‘ring jeT ETmISS
S =p+(j)/pr(j.True)
5 1035— -------- Gaussian component =
® | s Nongassian componen 1 Normalize with bal/ance in dijet events
| i -
10° g_p.l_=250 GeV :I:" g RB(]) — 1+ prj}‘nss : PT(? )
: - i pr(j)|?
10 —=
- S, HGPEROTT (o G G B T [ o0 T T [ B T Ty
I T R P e R e e i C ] §- ATLAS
0 02 04 06 08 1 12 14 o 10f —e— QCD estimate E
R > B QCD data
. % 10° —— Other SM =
Step 3: Apply response function 2 s
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Inclusive 1 or 2 lepton analyses
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e vomss Several other inclusive
£ = -—i—- g SUSY S 3 . .
sl —?— N topologies studied:
P | . . .
L - i 2 opposite sign dilepton,
: frilepton, tau-leptons,
), R b-jets,...
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M+ (7, E{™'ss) discriminates well Top and W+jets
If E{™ss (or M) shape independent of M (MC):

can use low M+ region as control sample:

ner-x

'._
s‘ A B
Signal region
c D
Control region

ETmiSS or Meff

Extrapolate number of background events N
from control to signal region:

N(B) = N(D) x N(A) / N(C)
Contamination by SUSY = need to iteratel

BSM-LHC 09 Very active field

Top and W+jets background
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Many other methods studied
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Inclusive analysis: discovery reach

Scan mSUGRA parameter space, optimize M cut

Use LO signal cross sections and fast simulation
Background systematic uncertainty with 1 fb-l: QCD 50%, W/Z/top 20%

ner-x
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Reach dominated by E.miss+jets, multiple signatures over most of phase space

With 1 fb-1: reach m(g)~ 0.5-1.5 TeV [Tevatron: m(g)>300-400 GeV]
BSM-LHC 09 11



Final states with

GMSB with neutralino NLSP (N=1):
high pr (prompt) photons
Usual inclusive preselection + > 1 photon

Number of events [1 fb "}

. a3
T TTTTI

-

-t
o

—h

tanp=5, A=90 TeV
I I

ATLAS
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= GMSB1

See talk by H. Hadavand
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Ny=1, M

Tnessl

photons

jet

=500 TeV, >0, Co=1

7 NLSP

1pb’!
i

ATLAS]

. mopb'lf —
- ' Bodiscovery | .
7, NLSP ; ;
. L . L L |
100 150 200
A [TeV]

C21: non-pointing photons
= neutralino lifetime determination

Scan

tanf3, A

Use fast
simulation
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i Long lived charged particles

- annnRRE .,
.
et
o B .
o K
K

GMSB with slepton NLSP (N;22):
high pr prompt leptons,
(long lived) sleptons

At p=1, 25ns<75m = timing/trigger issues:"
at p=0.8, +15 ns wrt pu need to process more than 1 beam crossing

s oSt | Correct BC efficienc
il | 1 gﬂaf_ﬂms Il After muon
: (- £ B trigger-chambers
-l - . Zns time calibration,
: " _ g b discovery potential
o _; o follows production
] " - cross section
Ny Y T T 0 0T 0 e

BSM-LHC 09 Also R-hadrons in Split SUSY 13



After discovery

What kind of SUSY is it? P 4

- T L =0
= edges and thresholds in dilepton, lepton- a/
Jjet, dijet invariant mass distributions b
: B T e i
Mass values T B e
= rate of tau leptons Flavour & ¢ :
subtracted$
* fanp z ~
10
= frileptons oLl —poee [l Sl e e s k2
» chargino/neutralino couplings b 2 200
m(l) [GeV] decay
) . .  100E- Norm 1007 3:.9?1
Is it SUSY at all? (or UED, LH with T-parity,..) <. il SY4 L S6is
O] C i

3 ESD;
= Spih measurements N
0r

St 12°
« Inverse LHC problem » jg_ i 3-body

TR I NI EFENN IS AVINETI AU A AT AT
0 20 40 60 80 100 120 140 160 180 200 decay

see talks by A. Barr, D. Zerwas il [6eV]
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Numerous BSM theories!

GUTs — Z', W', leptoquarks, heavy fermions, H*,...
Compositness — q*,/*

Technicolor — technimesons (p+, nt, ®1),...
Extra-dimensions — Zy, Wik, 9k, *, radion, black holes,...
Little Higgs, Twin Higgs — Z,,, W, A,, T...

Hidden Valley — =,9,...

ATLAS strategy: final state approach
Lepton+X, Jet+X, Long Lived Particles, Dibosons, « Busy events »

BSM-LHC 09 15



Integrated Luminosity (fo™)
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Di IeETon resonances
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Hidden Valley model:

Hidden sector (« v-sector ») + communicator
Barrier = need high E to produce v-particles
Lightest v-particle = %,

1’y decay helicity suppressed = displaced vertices

Studied channel: Higgs production

M(h) = 140 GeV
M(ny) = 40 GeV
ct=15m

Challenges to the trigger/

BSM-LHC 09




G Long lived neutral particles

Initial trigger efficiency 2-3%:
jets at both Level-1 and-2 (low p+), muons at Level-2 (ho ID track)

New triggers implemented:

Decays in the Muon Spectrometer 2 035F B s e
. . [iF] n —— Total Passed triggers ] o
>3 Level-1 Regions-of-Interest in AR=0.4 & o3} PCRRT R
i = E ——— Muon Rol cluster trigger — E‘l-
* no Level_z Je‘l- nor. ID TraCk ,E 025—_ Trackless.Jet+|\.|uontriggar_—400,‘E
S F ATLAS Preliminary |~ &
o 0.2 Simulation Tagg ™
Decays in the Hadronic calorimeter o .
A Level-2 jet: E; 235 GeV, Log(E,/Egy)2l | F1200
+ no ID track - —100
0.05 -
° 111 | 11 1 | 11 1 | 111 | 11 1 | 111 | 111 | 11 1 | 111 | 1| |:
Decays in the Inner Detector (ID) %24 e 8 0 1z 14 16 18 28

. . 7, proper lifetime (m)
Trackless jet + muon; ongoing study

Timing issues OK. Backgrounds OK (0.1-0.4 Hz at L=103! cm-2s-!

on QCD dijet p= 35-70 GeV)
BSM-LHC 09 19




% TeV scale gravity signatures

Extra dimensions = low effective Planck scale My (TeV order)

& >

Black Hole production Threshold String Ball production

general relativity ~5 M quantum gravity
[Dimopoulos, Emparan hep-ph/0108060]

Parameters: number of Xdim #n, My, string scale M., string coupling g
Ms < My < Mg/gs < Mg/gs® ~ 5 My

Comparable (large, but uncertain) cross sections:

M?

: > S M <M<

Oab—BH Ty ab—>Str1ngBall —{ M4 M. M
My o pr< M

Mr_z 8s T gs

Then thermal decays on the brane

= multiple jets, leptons and photons! (« busy » events)

BSM-LHC 09 20
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BH Mass Threshold [TeV]

String balls

Z|py| + Efmiss > ~ 0.8 Mypresh
> 1 lepton with p+> 50-100 GeV
Sensitive to 185 fb

M; > 1.6 TeV, My > 2.4 TeV limits
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1 fb-1

Cross Section [ph]

10

10"

TeV scale gravity signatures

Black Holes
S|pr| > 2.5 TeV
> 1 lepton with p>50 GeV

LR

B N ===-m===: \odel Phys Rev D 78, 115009 (2008) |
= —e—— Upper Limit (95% CL) 3
- m 7
B ATLAS Preliminary
= ., =
L . . -
C o
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M‘[hreshald [TeV]

21



¥ Conclusion and outlook
ATLAS is ready for all types of BSM signatures and topologies

ner-x

With ~1 fblat 14 TeV: (10 TeV cross sections ~50% lower)
- Sensitive To a very interesting region of SUSY parameter space
gluinos @ m~500-1000 GeV

- Sensitive to many other new theories
Z @~2TeV, W @~3TeV,6*@0.5-15 TeV,BH @ 8-9 TeV,..

Jun '"09 Jul 09 Aue 09 Sep U9
Current 5 .
£ =
=] o +
run plan = £ % = ATLAS continuous
7 S = | 2 run
over next 5 3 S| 8
: HEE
few months ‘ = == 1=
Solenoid
Toroid
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Many thanks to the organizers!
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luminosity [fb]
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MSUGRA below 14 TeV

ATLAS prehmma estfmate
: 5o d|sc0very :
mSUGRA{an{} 10 A; —ﬁ} p =4

|i11|||

1

s m— M=M= 400 GeV,;,_
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Ll
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Fast s:mulaz‘fon
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LHC centre-of-mass energy [TeV

1 lepton
channel
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Z'. W' below 14 TeV
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; . ]
-"(T'; I M —--e-- 1.0TeV Zopuy, 10 events |
8 ] “..  —e— 1.0TeV Z-uy, 95% CL
>S5 .
= 10°%F ™ : E
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: """ .
R . L]
fast simulation :

ATLAS preliminary estimate
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6 8 10 12 14
LHC center-of-mass energy [TeV]

~ 100 pb-!

Luminosity [pb]
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—s— 1.0TeV W—ev, 95% CL

)
L] o000 Qecooooooo
1
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 fast simulation :
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SUL:
SU2:
SU3:
SU4:
SU6:

Parameters and cross-sections of benchmark Points

mg = T0GeV, myp = 350GeV, Ag =0, tan 7 = 10, p = 0.

mg = 3550 GeV, m 12 = A0 GeV, Ag =0, tan 2 = 10, p = 0,

mg = 100 GeV, my, = 300GeV, Ay = —300GeV, tan 7 =6, p = 0.
mg = 200GeV, myp, = 160GeV, Ay = —400GeV, tan 7 =10, p = 0.
mg = 320 GeV, My = 375 GeV, Ag =10, tan 8 = 50, p = (.

Signal ™ (pb) gVLOo (pb) N

sUL 8.15 1086 200 K
suU2 517 716 50K
SU3 20.85 27.66 500 K
SU4 204 .46 402.19 200 K
SUG 4.47 6.07 30K

BSM-LHC 09

Particle su1 sU2 sU3 s5U4 sUe
i, 760.42 3563.24 63151 41225 366.84
by 697.90 2924.80 575.23 35549 TI16.83
t 57296 2131.11 42412 206.04 641.61
ip 73541 357418 611.81 404.92 84216
by 722.87 3500.55 610.73 399.18 77942
ta 749.46 293536 65050 44500 T797.99
£y 26513 3547.50 23045 231.94 411.89
Ve 238.31 3546.32 21696 217.92 401.89
T 146.50 3519.62 149.99 20050 181.31
Uy 237.56 3532.27 216.20 21553 358.26
ER 154.06 3547.46 15545 212858 351.10
Ta 256.98 3533.60 232.17 236.04 39258
i} 832.33 856.50 717.46 41337 89470
i 136.98 103.35 117.91 59.834 14957
Vo 263.64 160.37 218.60 11348 287.97
V9 46644 17976 463.99 308.94 477.23
Ny 48330 20490 48059 327.76 49223
i1 262.06 14942 21833 113.22 288.29
Y3 48362 286.81 480.16 326.50 49242
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f Interpretations in other models (1 fb-1):
s
“mSUGRA + constraints”’ “mSUGRA vs NUHM”
mSUGRA scan, but NUHM here: fix M, and tan 3 to
satisfying WMAP, a, , M, , values
b->sy, B, 2> uy, u>0 compatible with WMAP constraints
ﬁssoo_"l"'lllll"l S Illllllllllllllllll_ »'_"-1100:II|IIII|IIII|IIII IIII|III_I|IIII|IIII IIII|II:
E = ATLAS UTMSUGRA. ] > - ATLAS - 4]ets 0 lepton MSUGRA :
2 ” 5o discovery 7 (5 1000 ssdiscoiere 4 jets 1 lepton MSUGRA—
=, 3080 g s == 4j0l AMSB — =, F JoUIscovely ... djets0lepton NUHM
E L g s 4j0l MSUGRA DM _ £ “°F i SjartlaptomtilM.
#2500 45809 % = 800 =
- A 7 - =
- - 6001 1., 3
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1000:_ —: 400:— Tap _:
- . 300 =
500 - - 2
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Criqu = lepton pt, n and identification

See talk by T. Yetkin
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