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2010 Operations
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e ~ 35/pb used for most analyses

van der Meer Luminosity

uncertainty of | 1%
down to 5%.

will go

® Peak Lumi:2.07 x 1032 cm? s

® Lumi weighted data-taking l“
efficiency ~ 92%

%

Day in 2010
Peak Stable Luminosity Delivered 2 07x1032 Fill 1440 10/10/24, 23:48
Maximum Luminosity Delivered in one fill 6304.61 nb1 Fill 1450 10/10/27, 18:39 4 )
Maximum Luminosity Delivered in one day 5983.78 nb! Monday 25 October, 2010
Maximum Luminosity Delivered in 7 days 24637.08 nb™! Sunday 24 October, 2010 - Saturday 30 October, 2010
Maximum Colliding Bunches 348 Fill 1440 10/10/24, 23:48
Maximum Average Events per Bunch Crossing 3.78 Fill 1440 10/10/24, 23:48
Longest Time in Stable Beams for one fill 30.3 hours Fill 1058 10/04/24, 01:13

Longest Time in Stable Beams for one day

22.8 hours (94.9%)

Saturday 24 April, 2010

Longest Time in Stable Beams for 7 days

69.9 hours (41.6%)

Monday 02 August, 2010

- Sunday 08 August, 2010

Fastest Turnaround to Stable Beams 3.66 hours Fill 1284 10/08/14, 10:05

Fastest ATLAS Ready from Stable Beams 25.0 seconds Fill 1285 10/08/14, 22:39

Best ATLAS Recording Efficiency for one fill 99.4 percent Fill 1285 10/08/14, 18:26

Best ATLAS Recording Efficiency for one day (> 10 nb™') 99.9 percent Monday 16 August, 2010

Best ATLAS Recording Efficiency for 7 days (> 100 nb1) 99.7 percent Thursday 12 August, 2010 - Wednesday 18 August, 2010




Detector Status

® Sources of data taking inefficiency:

Inner Tracking

. Detectors Calorimeters Muon Detectors
® Si+ Muons HV Ramp A A Ln
Pixel scT TRT _o T AT e MDT RPC TGC  CSC
. EM HAD FWD
® LArg Noise Bursts DATA TAKING EFFICENCY > 97%
96.7 975 100 938 988 99.0 99.7 98.6 985 98.6 98.5
o HV Trips (LArg/Tile) March 30-Aug 30: Fraction of data (after stable beams declared)marked as

good after 36-hours “calibration loop”, before start of reconstruction at TierO

® Fraction of good data after further

reprocessing is higher ® Sources of channel inefficiency:
e Failing LArg Front-end Optical Transmitters
Pixels oM o7-3% (~1/month). So far|.5%.
SCT Silicon Strips 6.3 M 99.2%
TRT Transition Radiation Tracker 350 Kk a7 1% oy . .
| e Failing SCT/Pixel Back-end Optical
LAr EM Calorimeter 170 k a8.1% .
e calorimeter 0500 06 9% Transmitters (~a few/week). Replace as we
Hadronic endcap LAr calorimeter 5600 99 9% gO.
Forward LAr calorimeter 3500 100%
LVL1 Calo trigger 7160 99 9% ° Failing Tile Low voltage power-supplies and
LVL1 Muon RPC trigger 370 k Q9 5% Front-end interconnectivity.
LVL1 Muon TGC trigger 320 k 100%
MDT Muon Drift Tubes 350 k 99.7% ® NO ShOW stoppers
C5C Cathode Strip Chambers 31k 98 5%
RPC Barrel Muon Chambers CHANNEL EFFICIENCYY™97% : : :
1GC Endeap Muon Chambers 90 oo ® Repairs during Christmas recovered many

inefficiencies



Standard Model Measurements

Inclusive Jet x-section
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Questions

Snapshot after Moriond (35/pb 2010 Data):Where are we in
BSM searches?

® Where can theory help!?
® (Coverage, Interpretation, and Backgrounds...
Coverage: Are we missing something!?

Interpretation: VWhere should we put the line between theory
and experiment!

® How do we communicate?

Backgrounds: Are we limited by theory? What SM measurements
help? Can we be theory independent!?



New Physics Searches

® Resonances:jj, YY, I, Y], v ® |arge MET
o g* GravitonW'/Z, ... ® +[b]-lets
® Edges: SUSY Like ® -+leptons (1,2,3)
® DiJet Mass/Angular Correlations ® +photons (2Y)
® Contact Interactions, Black- ® Some-Parity Conserving
holes, Extra-Dim Theory: eg SUSY, UED, ...
® “Exotic”

® | ong-lived Highly lonizing

® Stable Hadronizing squark/gluino

Done, , In progress



New Physics Searches

® Resonances:jj, YY, I, Y], v ® |arge MET
o g* GravitonW'/Z, ... ® +[b]-Jets
® Edges: SUSY Like ® +leptons (1,2,3)
® DiJet Mass/Angular Correlations ® +photons (2Y)
® Contact Interactions, Black- ® Some-Parity Conserving
holes, Extra-Dim Theory: eg SUSY, UED, ...
® “Exotic” Searches covered in this talk:
® [ong-lived Highly lonizing In;ehrggzﬁ:nvgthg:j%im *

® Stable Hadronizing squark/gluino

Done, , In progress
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Inclusive Signatures

Signature

Motivating Model(s)

Comments

| Jet + 0 Lepton + MET

70/nb

e Large Extra Dim (ExoGraviton)
e strong qG production, G propagate in extra Dim
* Planck Scale is MD in 4+ dim
* Normal Gravity >> R

e SUSY

* qg— ISR + 2 Neutralino or squark + Neutralino

* Not primary discovery
channel for SUGRA, GMSB,
AMSB... but helps in
characterization

* Possible leading discovery
for neutralino NLSP with
nearly degenerate gluino

2R %

2,3,4 [b]-Jet + O Lepton

e Squark/gluino production

e Possible leading squark/
gluino discovery channel

310/nb for b-jets 35/pb

* high tan  leads to more b/t/T’s

35/ab for bjj-eyET 35/pb * squark=q+L3F gluino=q+squarle+LSP e Must manage QCD bkg
-t . : : , o . ,
2,3,4 [b]-Jet + | Lepton squark/gluino production with cascades which include electroweak Lepton requirement

+ MET (or partner) decays suppresses QCD

* T’s partially covered by e/p

.
2 lepton + MET

35/pb

e Same sign: gluino cascade can have either sign lepton... squark/gluino
prod can produce same sign.

e Opposite sign: squark/gluino decay mediated by Z (or partner)

e Same flavor: 2 leptons from same sparticle cascade must be same
flavor

e Reduced SM backgrounds
for same sign

e Opposite Sign-Flavor
Subtraction

3 lepton + MET
35/pb

e SUSY events ending in Chargino/neutralino pair decays
* Weak Chargino/Neutralino production
* Exotic sources

e Low SM bkgs

2 photon + MET
3.1/pb

* GMSB models with gravitino LSP and neutralino or stau NLSP
® UED- each KK partons cascade to LKP which decays to graviton + Yy

* No SUSY limit (not
sensitive at the time)




Pre-selections

Common across most analyses: Vertex:
e At least | good vertex with > 4 tracks.

Trigger:

* Varying (with luminosity), offline cuts always in trigger efficiency plateau regions
* 0 lepton: Single jets at LI or L2, MET in EF. 97% efficient for | jet > 120 GeV, MET > 100 GeV
* | lepton: Single lepton. In efficiency plateau for 20 GeV Leptons.

Jets: (Jn|<2.5, pr>20 GeV)
*Cleaning (for noise, cosmics) (1% rejection). Reject events with any bad Jets (for MET)
* Anti-K; R=0.4 Topo Cluster Jets

Electrons: (Jn|<2.47, pr>20 GeV)

*Medium: Used for electron rejection. Inputs: shower shape, pixel hit, dO

*Tight: Used for selection. Inputs: medium + track match, transition radiation, E/p

*Reject events with medium electrons in problematic calorimeter and transition region (1.37<|n|<1.52)

Muons: (|n|<2.40, pr>20 GeV)

* Combined: Good Combined fit to Inner Detector and Muon Spectrometer
* Extrapolated: Inner Detector track tagged by muon spectrometer segments)
* Requirel pixel, 5 strip,and TRT hits (N dependent number)

e Sum prt of Tracks in AR<0.2 < |.8 GeV ° Over.lap Removal
e Zo<10 mm ® R(jetelectron) <0.2
) reject jet
MET: e 0.2 <R(jet,electron) < 0.4

* calculated from objects + topo-clusters B veto electron

e AdD(Jets,MET) > 0.2 (I lepton) or 0.4 (0 lepton) for the N required jets ® R(etmuon) <04
B veto muon

10



arXiv:1102.5290

Jets + MET

® Expect strong squark/gluino production
® Direct squark/gluino decays to LSP gives just Jets

® Also provides coverage of cascades producing
leptons, where lepton is missed (eg very soft)

® 2 jets:qq production. 3 jets: qg. 4 jets: gg.

® the most relevant parameters: m(gluino) vs m
(squark) vs m(chi0)

® Should also consider cascades with hadronic W/Z

Q\l—r-
]

N
\
\

Eif

q — q}?lo
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O Lepton Event Selections

® No leptons (medium electrons and muons) >10 GeV

® 4 ssignal regions defined to maximize Msquark-Mgluino
coverage :

® Atleast?2 Jets 5 & 3
= Number of required jets > 2 > > 3 > 3 =
. B l | =4 =4 = = ()
¢ LOW Mmass Squark antl-squark (A) _E Leading jet pr :(lv\': o 1) S 120501200 0128 %
) —Ilgh mass Squarl( antl_squarl( (B) L Other jet(s) pq ‘(-(‘\ ‘ >40 > 40 > 40 > 40 I_
2 ERSS [GeV] > 100 > 100 >100 > 100 ~
® - o
At east 3 Jets S Ad(jet, P1 ") min >04 >04 >04 >04 U
® Direct gluino pairs (C) < Er™/men > 0.3 - 025 > 025 O
. . —  Meg [GeV] ~ 500 > 500 > 1000 3
® - = ' C
Associated gluino-squark (D) £ s [GoVi g o
® Higher x-section — Tighter cuts!
(D) Emiss
Mlefr = |p | + T
7— 1
(2) _ . (1) (1) (2) (2)
2 (P Py Br) = min {max (mr (7. dy’). mr (07 d7))]

qT qT _EITIIH%
f?’lT (p(f) (1) 2|p(f)||q(1)| . 2p(l) . '(11)

12



Signal regions sensitivity

N
1000 A
I%I - ké ) 'ﬁ/\QQ ME” l\/\g
/E,M .go ,/;29 gg final state dominates

~ ] ‘

S 6ool O > 3 jets expected, high m

§ 400

o

n

Nt
Mg> Mg =S 200

Region A /B M o< M-

g¢ final state dominates o) g< Mg
> 4 jets expected, 1 can 0/ 500 TS > qc3| final state dominates
be soft, selection in m M(gluino) [GeV] > 2 jets expected

Mm.¢ OF My, selection to exploit
dependence in AM(G, ,-%,")

Classification of signal regions almost independent on models

March 8, 2011 Monica D'Onofrio, CERN Seminar 17
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O Lepton Results

Signal region A

Signal region B

Signal region C

Signal region D

QCD 7 72 [u] 0.6 *o ¢ [u] 9 7o' [u] 0.2 745 [u]

W+jets 50+ 11[u] Ti5l] £ 5[L 4.4 + 3.2[u] ¥y \J | £0.5[L] 35+ 9[u] R[] £4[L] 1.1£0.7[u] 15:3[i) £0.1[L]

7 +jets 524 21[u] T 7] £ 6[L 4.1 £2.9[u] T 5[] £0.5[L] 27+ 1)[11 :l, [ £3[€] 0.8+0.7[u] Ty o] £0.1[L]

tt and t 10+ O[] * 3l £ 1[£ 0.9 £ 0.1[u] ‘,’, 1 j]£0.1[L] 17% 1[u] T 3] £2[L] 0.3£0.1[u] T5%[j] £ 0.0[L]

Total SM 118 & 25[u] *55[j] £ 12[£] 10.0 £ 4.3[u] 71 o[l £ 1.0[L] 88+ l\m TRl £9[C] 2.5+ 1.0[u *,", '; + 0.2[L]

Data 87 11 66 2

Systematics:
} L | 1 1T 1 | | L | 1T 1T 1 | 1T 1T 1 | 1T 1T 1 | —_—
3 10°F e Data2010W5=7Tev) 3 u= uncorrelated
- 1 — SM Total . | =
S b Jra-met gm0 = S
= = : . [ W-+iets = = Lumi
ol SESEns m :
1 =< [1tf and single top
E wmem SM + SUSY reference point NO EXCGSS Observed
o 10? "
g . o o —
i ATLAS ® Model-independent limits (O7d = O x € X A):
10
iL ® A:0rd<1.3pb
107 — ® B:0rt<0.35pb
1 ! =+ | v % 1 00 1

5

= ® C: Ofid < .| Pb

=L

(]

® D:0ra<0.11 pb
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0 Lepton- mSUGRA

Considered too constrained to provide good coverage (fixed ratio of masses)

scan mo and my;, with fixed p>0, tan B=3, Ao=0 (don’t strongly influence the exclusions)

300

250 -

200

®  Minimal Supergravity Mediated SUSY breaking
°
® |ong precedence of using mSUGRA
B 5o it serves a means to compare to old results
® Run GUT scale model parameters to TeV scale masses:
°
RG evolution of unified mSUGRA mass parameters
600 -
500 o
3 =, (uTEmg)
=400 .
O
% 300 -
)
=
200 -
100 -
0 1 1 M 1 N 1 N | A 1 A 1 N | A 1
2 4 6 8 10 12 14 16 18

Log,,(Q/1 GeV)

150

mSUGRA: tanp = 3, A.‘— 0, u>0.
. ‘[ K 0 T "i Y 52
- ATLAS preliminary

=" 0 lepton combined exclusion

-

T

T

L™ = 35 pb '\ 5=7 TeV

EX o da k]

w— Observed 95% CL limit

- === Median expected limit
Expected limit +1o

~——— CMS a., 35pb

- EA

P23 .
=rex, g (800)

DO%. X%,
D0 g, q, u<0, 2.1 b’

8 CDF g,q. tanp=5, u<0, 2 fo
g (600)

If m

squark=rn

gluino

g (400)

il

exclude < 775 GeVE

|lll

Illl




Q 7\ g: ® Phenomenological Model:“Topology-motivated” slicing
7 of MSSM...
\\ “

\E y ® For 0 lepton: mgiuino VS Msquark

~ ~0 —~0 e mysp=0,50 100 GeV.
qd —~ 44X, g —>qqx,

® Reach not very sensitive to LSP mass, so used 0

| & . ) GeV.
Equmi-;-gh.unu—nmlnu madel irr‘mnlanaa]: I L =35pb ".E:?TH"!"
T 1 T T T T T [ TT T 1 rT T [T T T [ TT T[T
3 wrl U areas T ® other gauginos heavy
E‘H}ﬂ | {0 lepton combned excliuaion

| s Cbeaneed 95%: CL imit

| mmm= Madian sxpsctsd fimit

i —..—. Expacted limit +1g

. [ LeF 2§

[ FNAL 83 cMSSM. Run |
' [ ] ooga msuGRA. Fun i
. [ COF 84 mSUGRA, Run I

e  Full SUSY x-sections/branching fractions, but probably
equivalent to non-SUSY specific simplified models:

Glumo mass
excluded
below 500 GeV

ol I N N N N N
-t e e ——— T ——

® Same topologies

-
-
-

1200

® Strong squark/gluino production

1000 [ A ,=0.1po]

C - ® large “other” masses = BR ~ |
200 | -

- e ®  “shape invariance”
500 “_ -

C | ; _ B Really modeling any strongly interacting new
400 — ' e = — .

i If Mo Myino T =i220 particle that decays to Jets + undetectable
200 (= exclude<870GeV - particle

o e 200 800 800 1000 1200 1400 1600 1800 2000 ) Unfortunately, these are not simple to build...

gluino mass [GeV]

16



PRL 106, 131802 (201 1), arxiv:| 102.2357

One lepton + Jets + MET

\lasses

’@U 1\[]
(M)
q N o —= WO y? v:— v — vy
q — QXZ Xl Xl Xl Xl Masses
\ Q Q A\[(J

q — v 9 f or v 1\"[[
g — 4 X iz Rt et (3 )
\ N A

\
. N .

_NO

g~ 99X,

g—=q9 X X = (Z7 1y, X e”ell)ﬁ

Ef Ef Ef  Mpsp

® Pheno Grids (not used... our first SUSY publication):
® M(sq) — M(chi2/chi+-) — M(chil) (heavy gluino)
® M(sq) — M(chi2/chi+-) — M(sl) — M(chil) (heavy gluino)
® M(gl) — M(chi2/chi+-) — M(chil) (heavy squark)
® M(gl) — M(chi2/chi+-) — M(sl) — M(chil) (heavy squark)
® And assuming chil is ~bino, chi2 is ~wino, M(chi2)=M(chi+-)

® Note Hadronic W/Z decays belong to 0 lepton signature

17



H; [GeV]

| Lepton: Signal Region

= Signal-enhanced region (SR)

1.
2.
3.

mt > 100 GeV
Ermiss > 0.25 X Meff
Mefr > 500 GeV

I I I I | I I I I | I I I I | I I I Il_mtl |:3|5 pb1
- : e Data 2010 (\'s =7 TeV) :
14001 ATLAS Préllmmaryljsf‘a ;‘dard MoZeI e 3
[ O I MSUGRA m =360 m, ,=280 |
1200_E||:| ) ': o = . Muon Channel .
B |:|n |:||:||:| E m =.’m = |
= = ] u u @;& LI
10001: = m nl-lno‘}??x' n Em —
B O] DOEMEs Hy7" @8 ===s0 L
B Dl.ﬂ..lllléﬁxﬂ'll. LI | |
800 CeEEEEss FE HE SEENEs=s _|
1 B jem@m= "HEN =5 = ® -
_ l.l.lé@.'.:.;=ll.l: m ]
600 et el R - wm
:..-.'|= W~ IIEIIII mma
l je/m=mEEE EERSER=ofl= == .
400: el (g EEEE == = —
B el (EEO=O=s == ]
— e = A -
2001 T os 0 N 2
- oy _
O_I | | | | | | | | | | | | | | | | | | | | I..I “1- g

0 100 200 300 400 500
E™SS [GeV]

mr = \/2 : pg -E?iss (1 = cos(Ap(L, E?iss))j

transverse scalar mass (HT):
jet;
HT - pT + Z, 1 pT

“effective” mass (Meff).
megg = Hy + EX™

L™~ 35 b’

— I:I T | T T T T | |.| T T | T T T T | T T |
> 1400[ ATLAS Preliminary ® D@2 2010Ns=7TeV)
) [CJStandard Model .
— - L L] I MSUGRA m =360 m, ,=280 |
|_1 200_ | o a[] Electron Channel -
1000 hl.E. 2oL ne N
: odm o | | [ = :
o O O® O OMNO . = N H W
8001 -z aa. 05 Lot
~ [m][=]m|H|m O |:| omu [l .
600_ o9 || = | [N | | .DI!
HEL (I ) ] ElEEEEN
- [= I m=(mlE Y| smlim = l:
4001%: Ea ~adatal s - -
[ IR I Ho ] [ :
B m|m |l 1. h
200F -2 eten S -
O_' ;‘ | | | | | | | | | | | | | | | | | | | I.~.I.~ | Tl ]

0 100 200 300 400 500
ET'® [GeV]
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Entries / 100 GeV

| Lepton Results

Electron channel Signal region Top region W region QCD region
Observed events 1 80 202 1464
Fitted top events 1.34 £ 0.52 (1.29) 65.0 £ 12.3 (62.9) 31.8 +15.8 (31.0) 40.1 £11.3
Fitted W/Z events 0.47 + 0.40 (0.46) 11.2 + 4.6 (10.2) 161 + 27 (146) 170 £ 34
Fitted QCD events 0.0793 3.7+7.6 9.4+ 19.6 1254 + 51
Fitted sum of background events 1.81 £0.75 80+9 202+ 14 1464 4 38
Muon channel Signal region Top region W region QCD region
Observed events 1 93 165 346
Fitted top events 1.76 + 0.67 (1.39) 85.0 £ 10.5 (67.1) 41.8 +£18.6 (33.0) 49.7 £ 10.2
Fitted W/Z events 0.49 +0.36 (0.71) 7.7+3.3 (11.6) 120 + 26 (166) 71.4+16.4
Fitted QCD events 0.0795 0.3+1.2 3.44+12.1 225 4 22
Fitted sum of background events 2.25+0.94 93+ 10 165 £+ 13 346 £ 19

10°

arias
1023 det~35pb'1
oo

0 200 400 600

e Data 2010 (s =7 TeV)

— Standard Model

[ multijets
3 W+jets
Bl Z+jets
Ctt

@3 single top
@ Dibosons
- MSUGRA

m,=360 m, ,=280
1 lepton: e, u

800

.
1000 1200 1400

m [GeV]

® No excess observed

® 95% CL upper limit for new process in

signal region

® FElectron: 074<0.065 pb (2.2 events)

® Muon: 074<0.073 pb (2.5 events)
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0 + | Lepton Combination

MSUGRA: tanf « 3. A_« 0, u>0. "« 35pb’ \sa7 TeV
; ETr v T ] LI S N S S (N B B R
[0 - ATLAS pre/iminary e Cbserved 95% CLimit 1
400 17 - ) . M =
O - 0 lepton combined exclusion - === Madian expected imit
e
N : Expected limit £ :
E'; o O Le Pton — CMS @, 35pb -
350 = _ i
- LEP 21

LEP2%

g (800)

llll

DO¥ . x

Dog,q.u<0,2.1fo’

| COF §

9.4 tanP=5, u<0, 2 fb

q(e00) =

If rnsquark=rngluino

exclude < 775 GeV

if Msquark=Mgluino
exclude < 815 GeV

MSUGRA/CMSSM: tanf = 3, A =0, >0

\ § (600
1 \1

RN

L N1

SN

;‘400_II|IIII|IIII|IIII|IIII|IIIIIIII|IIII|IIII_
8 _ ATLAS L™ = 35 pb™!, Vs=7 TeV —— Observed limit 95% CL
|_<‘\\' N 1 lepton, =3 jets - Median expected limit _|
e 350 — If m _m.. . Expected limit =16 ]
B Fl:epton squark gluino CMS jets (c,), 35 pb 1]
s —-__exclude < 700 GeV ———— ]
300 ------------ N R g (700 GeV) \:I LEP2 %: __
"""""" 0% % :
550 \:IDOg q,u<0 210"
\3 gﬁﬁ_m ¥ [l CDF §,4, tanp=5, 2 fb™
, \\
200 @ // N e N\ i . §(500Gev) ]
. \ ”‘— ——————————————
\\\ N e :
150 \_l___ \ g(400V) —]
o N T T N —
g (400 GeV) \q(slq(lf G|V)\ g (600 GeV) \\ g (700 G&v) -
1 1 | -~ I N | 1 1 9 | | 1 | [T L T
100 200 300 400 500 600 700 800 900
m, [GeV]
MSUGRA/CMSSM' tanp = 3 A =0, u>0
;‘ [— I I I I I | I I I | I I I | I I —]
8 400 _ATLAS p,_rellmlnary —— Observed limit 95% CL]
e R — — Median expected limit
Q \_O Iepton and 1- Iepton combined - -
E Lo T e Expected limit +10 —
350 — - --- O-lepton observed  _]
_______________________ §@®00Gey) "TTC 1-lepton observed _
"""""""" B EroT N
300 [ LEP2% —
------------- ooz % -
L ‘ [ 1 D0g,q, u<o, 21fb"
250 = A W o - CDF §,§, tanp=5, 2 fb™]
. ~—\— ----- Tt ]
\* S N -
200 ]
150 -———--—._.__________ —_

| &=

600

800
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Heavy Flavors

Light 3rd Generation (high tan )
Heavy Flavor Production:
4 7 Masses
® strong b,t partner production " A Mg/
bb,tt N N N Mpsp
/ )\ D ) \ ‘
f E " Ef
0B or
o . .
gluino production Masses . |
J (7 )
\ ’ \\ «
'E i Ef Myrsp S
g %bb § — N LSP

Decay: various pOSSIb|e dependlng on other spartlcle masses
b — by, b—ix: 1 —(t/c)x] T —bx:,blv

Parameters: M(gluino) - M(stop)/M(sbottom) - M(chi0)
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arxiv:1103.4344

b-Jets + [| Lepton] + MET

® (O-lepton + b-jets + MET: g — byb |
scenarios where sbottom is b, — by? 5
|ighteSt Sq uark / D - A 2
b
g TICTID™ — = = YWY i
® |-lepton + b-jets + N |

MET:scenarios where stop is

lightest squark —>
O-lepton 1-lepton
no-lepton (pr > 20 GeV) > 1 lepton (pr > 20 GeV)
jet pr > 120,30,30 GeV, [n| < 2.5 | jet pr > 60,30 GeV, |n| < 2.5
ET™ > 100 GeV ' ET"™ > 80 GeV )
L“‘“ fmeg > 0.2 - | f \ |
At least 1 b-tagged jet (SV0, L/o(L )> 5.72, pr > 30GeV, |n| < 2.5) \ PN \ l‘\\ 7
A¢,.in > 0.4 rad my > 100 GeV

Signal-Regions:
O-lepton : mest > 600 GeV
1-lepton : mes > 500 GeV
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Events / 50 GeV

—_

o
™

T

. > :I T T T 17T ‘ T T 1T T 1771 T T 1T T 17T | 1T T T T 17T | T T 1T T IE
(“5-’ - ATLAS 0-lepton, 3 jets ]
-|€LS ESUITS 2 10F Jracaswieorer S
ﬂ E E top production E
c L [ W production ]
G>J 10% ? - p[:c}duction §
O-lepton 1-lepton 1-lepton L - 3 @eD production ]
. 100  ¥Wgr. e g500Gev,basoGev |
Monte Carlo data-driven = 5
tt and single top 12.2 +5.0 12.3 4.0 14.7 + 3.7 1o -
W and Z 6.0 £ 2.0 0.8+04 - - .
] _
QCD 14410 04404 0+0-4 1072
otal SNV 9. 6.9 ) : T 7 2 | .
Total v 19.6 = 13.5+4.1 147+ 3 10 400 800 1200 1600 2000
Data 15 9 9
m,, [GeV]
> 1O4§\||||||\\|\III‘\\\II\\\||||‘I\I\lll\\l\lll‘\l\lg
8 - ATLAS O-lepton, 3 jets 3
. o 103? '[ _ -1 _ ® Data 2010 -
® 0 lepton: 0rq < 0.32 pb SA0E JrasaspiNe=TTeV  Lguion ;
2 B E top production 7
c | W production 1
g 102 = Il Z production 3
L E ] @cD production E
o I Iepton: O-ﬁd < O. I 3 Pb o 3500 GeV, B 380 Gev -
e -
104'§|| LI B B B | | L I I N B | ll L L L L I L L L | LI I I N B | IE > 104'§|||II||||I||||Illlllllllll|||I||||I||||I||||I||ll§ %
= ATLAS 1-lepton, 2 jets 3 8 - ATLAS 1-lepton, 2 jets 3 0300 B00 G55-455 200
3 :_ -1 ® Data 2010 _: o 3 :_ -1 ® Data 2010 _:
10°E JL dt=35pb \Ns=7TeV . qurom 5 « 10°E JL dt=35pb Ns=7TeV . quy7om = ET [GeV]
E (] top production E 2] E [ top production E T
| [ W production ] c | [ W production _
10° E B Z production 3 g 10° = B Z production 3
E (] QCD production . L E (] QCD production E
10 * ., §400 GeV,t210GeV _| 10 §400 GeV, 1210 GeV _|
15 E 1E E
107 E 107 4. E
10-2 i | 10‘2 i L l 1 Lli I dal | ) l_'_l_l LJ bal L_l—
0 400 800 1200 1600 2000 O 50 100 150 200 250 300 350 400 450 500
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b-jets mMSUGRA

MSUGRA/CMSSM : tanp = 40, Aﬂz 0,pu=0

tan = 40 (compared to 3 for Jet
+MET) leads to light sbottom/stop

Greatest sensitivity in O lepton

Exclusion of

P
95% C.L. limit

ATLAS _[L di=35 pb' \5=7 TeV — 0DS. - () lepion
------ exp. - 0 lepton
b-jet channel obs. -1 lepton
exp. - 1 lepton
s 0bs. - Combined
ENIERAERD E':l:p_ - GﬂmbinEd
[ Im@< m('f:}
=21

[T LEP2F,

F
L)
*

b-jets+MET -
550 GeV

»,
iy
****

m; >
U

d (800}

g (700}

b, (400} b, (500)

_upto m,~1TeV

200 400 600

gluinos below 500 GeV for the mo range 100 GeV - 1 TeV
stops, sbottoms below ~470, ~550 GeV respectively across the plane

If Ao=0 => Ao=-500 :

sbottom and stop masses decrease by ~10% and ~30% respectively.
1-lepton sensitivity extends O-lepton by ~20 GeV in m12 for mp < 600 GeV
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b-Jets Pheno

® gluino-mediated sbottom production °
where Mgluino = Msbottom = Mneutralino= 60
GeV
§-§ + b.-b, production, § — b.+b , B, — b+
;‘ 700 B I I ! I ! I | I I I I 1| I T I I 1| I I I I | I I I I | I I I ] p—
@ —  ATLAS J.L dt=35pb NS =7 TeV m— Obs. limMit 95% C.L.  — %
O, - ] 0]
Ez_;-f 600 — b-jet channel, O-lepton, 3jets " exp. limit95% C.L. - _ &=
"~ m(z) =60GeV, m(, ) >>m@) o N
500 — R ]
— i~ \_¢ . _
- CDF B/5, 2.65 b NH “, i
- QL : ]
400 — DOBp, 521 PR : ]
— [l o055 S x .
B CDF §g,§ — bsb 25" .- Reference point ]
300 [— -7 —
200 — -
- | | m,>590 GeV -
100 200 300 400 500 600 700
m; [GeV]

gluino-mediated stop production where

Mgluino > Mstop = Mchargino™ Mneutralino= 60 GeV

g — 1yt -

1 ~+ ~07+ o)
m(x*) = 120 GeV, m(x®)=60 GeV

-9 + 11, production, § — t.+t , 1. — b+
400 B I |1 l1 T I I T T |1 | l1 T T 1| I T T 1 T I T T T T I 1 T T T ]

~ ATLAS Preliminary Ldt=35pb'\s=7TeV obs. limit 95% C.L. 7
350 | b-jetchannel, 1-lepton, 2jets ~ wseu exp. limit 95% C.L. _|

[ m@E)=60GeV, mE)=2m() _

L m(@,,)>>m(g) N
300 — —
250 |- ]
200 B Reference point ]
150 [ —

R 'l’ 1 1 L I 1 1 1 1 I 1 L 1 1 l 1 l: 1 1 l 1 1 l 1 1 1 1 B

300 350 400 450 500 550 600
m; [GeV]
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« Di-lepton transitions give leptons correlated in

2 Leptons + MET

MAIN SOURCE:
 decay of neutralinos&charginos

Vi v vl | WERY) — vty

X,‘(_> Ve /W XJ;)

Vi (o C9/Zi) NS
~ TF ~ ot p— ~ 47 ._

Depends on:

e gaugino/higgsino composition of
neutralinos&charginos

* slepton whereabouts (and type)
e squark whereabouts (and type)

flavour and sign:

(A) Opposite-Sign Same-Flavour (OSSF)

eTeT, utp”

Di-leptons from two single-lepton transitions

are uncorrelated in flavour, and often in sign.

(B) OSSF and OSDF (same rate)

ete™, ptu™, epu¥

(C) SSSF and SSDF (same rate)
e o ﬂ ?i”i

SECONDARY SOURCE:
* W through third-generation squark

g — tt = Wbi.

g — thyi — Wbby*

j
— Vfij/;_‘r \ 7 H,i
single-lepton — » b — Wi

h — f)?f — Wb)?;_r
f— f)?? — Wb)??

Depends on:
« stop/sbottom mass / production

SS vs OS

Simple structure for neutralino/chargino
single-lepton transition, e.g.:

SS: au — ddyTYT = ddpvtt e\

~(0 ~0

SS: dd — uux- N — uurvlT (7T )
OS :  ad — du NN Y

— duvl™17"Y
Standard Model background can also
be classified in A-C:
* Type A: Z, Drell-Yan
* Type B: Top, (fully/partially) QCD-induced
* Type C: diboson, charge-mismeas., [few]
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2 Lepton Signal Regions

2 Analyses:

Event selection
* exactly two leptons

OS/SS C M(II) > 5 GeV Main SM Background
* OS: top pair, Z+jets

. , * SS: misidentified leptons

Signal regions (fakes) - data-driven as in 1-

* OS: E;Miss> 150 GeV lepton analysis
e SS: E;MIsS > 100 GeV

® Most SM di-lepton mechanisms, in particular ttbar, give uncorrelated (OS) di-
leptons, with combinations that come in equal rates, SF = DF.

OSSF ® Allows Flavor Subtraction

N (~T . TF N (oL, F AN, E,,F
- A ({'_ ¢’) - __"\ (e n : ) 1 _"lj‘\ (_’“' 1) £, &, = ID efficiency
Bl—(1-7)2) 1—(1—=-7)(1—=7.) (1—=(1-=7)2

B =¢ele,

e = (98.5+1.1)%, 7, = (83.7 £ 1.9)%, 5 = 0.69 + 0.03 T, = trigger efficiency

S
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2 Lepton OS/SS

Results

Opposite Sign, E3" > 150 GeV

Same Sign, T > 100 GeV

ot ot e EITE:
Data 0 0 0
Fakes 0.12 £ 0.13 0.030 £ 0.026  0.014 £ 0.010
Di-bosons 0.015 += 0.005  0.035 £ 0.012  0.021 4 0.009
Charge-flip  0.019 £ 0.008  0.026 &= 0.011 -
Cosmics - 05" -
Total 0.15 £+ 0.13 0.09 355 0.04 £+ 0.01
> 2 LI I LI I LI I LI I LI I LI I T T T7 I L
[0 10 4 . =
] Ldt~35pb" ATLAS ® Data 2010 \Ns=7 TeV) =
o ) — Standard Model -
g Same Sign [ Z/y+jets, WW, WZ, 2Z
%] -
0 Ot t
£ 10 [Dijets E
L A W-ets Z
B wWob ]
--- SU4+SM
1 3
10" N =
102 L. H L | | -
% /| { R 1, ............. e E
E R N '..'..-E.j... ...... i ...... b ‘. ...................................................................... ]
= 2 {' +
o .‘*"..I- e

E™ [GeV]

® S5:0%4 <0.07pb

® OS ee:01¢ <0.09 pb
® OSel:07d <0.21 pb
® OS pYM:0rd <0.22 pb

ete” t‘f.i,u.:F g.+,u._
Data 1 4 4
tt 0.6270 5% 1.2470-22 1.001558
Z+jets 0.19 £0.15 0.08 £ 0.08 0.14 = 0.17
Fakes —0.02£0.02 —0.05 £ 0.04 -
Single top 0.03 &= 0.05 0.06 £ 0.08 0.10 £0.07
Di-bosons 0.09 4+ 0.03 0.06 £0.03 0.15 £ 0.03
Cosmics - —0.2+£1.18 —0.43 £ 1.27
Total 0.9215-12 1.43%5 55 1.3975 55

Excess in ep and UM probability

for bkg to exceed observed 14% &
13%

= -
8 J 1 ATLAS ® Data2010 Ns=7TeV) -
o 10* L dt ~ 35 pb — Standard Model =
> Opposite Sign Bl 2y +jets, WW, WZ, ZZ 3
Q e Ot t _
E []Dijets E
.W+jets E
102 --- SU4+SM %_g
=
(@] —
s -
10E l =
1 | E
10-1 Ll B 1l \Z E E_|=
O 6 : /- .
= /1 S ISR S S A S S E
g 5 )
= |y S N ARSI NP SN T — 3
(@] L W e + LT

. & A ’ ]
00 50 100 150 200 250 /300 350 400
ET [GeV]

MU event looks like Cosmic Ray
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2 Lepton OSSF Results

BN (=)

S

N ( eTeT )

N (=)

~ B(1— (1 —7.)2)

1 — (1 —=7)(1 —7y)

_|_

(1 — (1 - T,u)g)

€e €, = ID efficiency
B=gse,

Te = (98.54+1.1)%, 7, = (83.7 £ 1.9)%, 3 = 0.69 £ 0.03 .1, = trigger efficiency

SD'E’S. — 1+98 _

ete” erpt popT
Data 4 13 13
Z[v*+jets | 0.40+0.46 | 0.36£0.20 | 0.91+0.67
Dibosons | 0.30%0.11 | 0.36x0.10 | 0.61%0.10
tt 2.50x1.02 | 6.61%+2.68 | 4.714+1.91
Single top | 0.13£0.09 | 0.764+0.25 | 0.674+0.33
Fakes 0.31+0.21 | -0.1540.08 | 0.0140.01
Total SM | 3.6441.24 | 8.084+2.78 | 6.9142.20
Flavour-subtracted
Process Sp
Z/~v*+jets | 0.86 & 0.33 (stat.) £ 0.74 (sys.)
Dibosons | 0.51 £ 0.04 (stat.) £ 0.12 (sys.)
tt 0.34 + 0.61 (stat.) = 0.13 (sys.)
Single top | -0.10 £ 0.23 (stat.) = 0.08 (sys.)
Fakes 0.46 £ 0.31 (stat.) £ 0.10 (sys.)
SM total | 2.06 £ 0.79 (stat.) £ 0.78 (sys.)

- 0.1 5(7’) -

Weighted Entries / 10 GeV

Data/MC

- 0.02(7)

T T T T 1
J Ldt~34.3pb"

10

T TTTT = LRy I
..'.:.E:.E:.-
g BEHEH

otraction

0.06(7,)
r r r 1

e Data 2010 45 =7 TeV)

— Standard Mods|

Bz +jets, WZ, ZZ

st t, wowy

] wi+jets

[ Dijets

1= =

6_ I'I

4; ++ s

| S - ri»

%0 100 150 200 250 300
- m, [GeV]
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2 Lepton- mSUGRA

®* OS seen to have more

potentiality (“expected”) in
MSUGRA plane than SS,
though some complementarity

« SS better than expecte

» OS worse than expected

e Limits partly extend previous

2L limits in mMSUGRA

(0 and 1-lepton searches
exclude much larger parts of

the mSUGRA plane)

MSUGRA/CMSSM: tanf} = 3, A = 0, u>0

d

Soft leptons

100
L™ = 35 pb™!, \'s=7 TeV

ATLAS Preliminary

2-lepton flavour subtraction analysis

— - Gcey) [T | EP2Y;

m—— Observed limit 95% CL_E

Median expected limit

[ IEPn

T
[ D%
g (600 GeV ~ o~
9(E0 S ™ B0 g, §, u<o, 2.1 fb!
I CDF g, g, tanB=5, 2 for

II/IiTiIIJlIII'IIilIiI

I

~_ § (500 GeV)
~

100

150 200

- -

\

g (400 GeV)

/(/

250 300 350 400

m [GeV]

MSUGRA/CMSSM: tanp = 3, A = 0, u>0

L™ = 35 pb!, \s=7 TeV = QObserved limit 95% CL SS

>
S
>
7))

2-lepton analysis (OS and SS) Median expected fimit SS

— o —— Observed limit 95% CL OS—
- o %3 S - 0(600GeV)  auaan Median expected limit OS
E e Sy e " =
| o . — o N
E e A J1=Y -
— 3 § (600 Gev) [[1] LEP2 f ——=
. [ 1Do%.%, 7

R NG - -

e T — [ ]D0g g p<0, 21" g
|l CDF g, q, tanp=5, 2 for. =

Ya, T~ -

““-\ ]

~_ (500 GeV) ]

---------- \ _—

-  §(a00 Gev) =

100

150 200 250 300 350 400

m, [GeV]

 OSSF observed and
expected limit are identical

* OSSF expected is less
powerful than OS throughout
the mSUGRA plane

(for the given setup and lumi)

* Observed limit is better than
SS and OS in part of the plane

 Follows very closely the DO
direct gaugino trilepton results



2 Lepton- Pheno

(] " B[]Dllll rrrryrrrrpyrrrrryrrrrprrrrprrrrrprrrrir Tt T rrrd
Phenomenological MSSM scenario: E eoE LT '
» bino-like LSP, wino-like chi x*1 and X% 2 700
» decays w/ sleptons enhance leptons 650
» 3rd generation scalars at very high mass
600
“Compressed”, "Light neutralino” 550 s,
m(y3), m(yy) | h-50 h-100 £00E R o =
m(f) h-100 h/2 RN : oot e et ettty
~ 0 AR DRI - . R R
m(t;) h-150 100 RSN AL '

R R s :
A DR e s = Median expected limit {Comp. spectrum) §

- Chserved Imit 85% CL (Light neutraling) Z
3508 : :

h = min(gl, sq mass) @

P OO
I I P P PO OIIIIINIS

For m(Squark) > m(glL’“nO) 3 -:' """-""-i'*-i'i"-i"'-i-"-i:"n"qr"ib‘fb"i'i‘.“'ﬁ-"ﬁ*#'ﬁ"‘n'i"l'-"dﬂﬁﬂﬂfg
BR(gluino->LSP) increases to ~90% 500 350 400 450 500 550 600 650 700 750 800
800 SSH PheloGrid? m; [GeV]
o [ I\; T TRl | L | rerrprrrrprrerrrrrrrprr e rr e
% ) K] Observed limit 95% CL (Comp. spectrum)
G 750 1 — - Median expected limit (Comp. spectrum) S 800 E T T T o bsarved limit 05% CL (Como. spectrum) o
= ] R, - - ] = , KA ' - = =
Ew' 700 ln‘ Obs?rved imit 95 {° ;L (!_Ight neutrellllno) () 750 .. e, m— = Median expectad limit (Comp. spectrum) =
U s Median expected limit (Light neutralino) e - 1|| ) Observed limit 25% CL (Light neutraling) 3
6508 ' '.“ ATLAS (™. 35 pb'1, \s=7 TeV éw f00 E_ II. ----- Median expectad limit (Light neutraling) _E
! 2-lepton flavour subtraction analysis 650 = { 0OS —
600k : = . e =
@ 600¢- | e,
550} 550E- [l ol =
5K ot - —~ =
SRR 5008~ e S~
K KIORIL o - OB Do = S —— ~ 3
450 BRI ALK 450 =

R XX XXX HXKIKAI AKX HXIRKIIIKHKHKHXHKIKIIIKIHXHKHHKIKRKK N E
400 ?"::::2::’“” B R e . 400¢ 855 0S: m(q)>560 GeV (LN), >450 GeV (CS)
3508548 Limits for m(g)=m(q)+10 GeV . Jo0 g afnadas SS: m(q)>690 GeV (LN), >590 GeV (CS)
v .r’ QKK m(q)> 560 GeV (LN)7 >450 GeV ( XA 3 .;’;:*II-:::::::::::::;Tﬁr"'qﬁb‘h"ﬁ-"ﬁ"‘&'h*i"'i"'i‘i'i‘d-‘-i:"-r"u'*.b‘fbﬁﬁb"-l‘i‘t"‘ﬁ'ﬁ'h"i‘i‘i"-i-"d-"-i.‘"qr"qi!f
30 APV b 1 1613150 30 50 5 30 X X 3 X 3 0 B DX DX IX1X1%1 %0 30 4 > ¢ I 0 b A
:900 350 400 450 500 550 600 650 700 750 800 0 350 400 450 500 550 600 650 700 750 80C

~~m m; [GeV]
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ATLAS-CONF-2011-039

>3 Leptons + =2 Jet + MET

® Multi-lepton final states from X+ and X0
(produced directly or as intermediate
states in long decay chains)

g — tt - Wht
q

® decay leptonically via emission of gauge
boson, or intermediate sleptons

® Third generation squarks lead to W
bosons, e.g.

® very little SM background
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3 Lepton Results

® Event pre-selection: >3 leptons (el/mu)

® Signal-selection: =2 jets with pT > 50 GeV ETmiss > 50

GeV

® / boson veto: invariant mass of same-flavour opposite-
sign (SFOS) lepton pairs is required to be at least 5

GeV off from Z mass

® DY veto: invariant mass of SFOS lepton pairs > 20 GeV

After Preselection

Multilep. events All eee eeyt e JpL
tt 0.68+0.16 || 0.032+0.016 | 0.24+0.07 | 0.31+£0.08 | 0.096+0.030
Z backgrounds 15.6+1.3 3.8+0.8 1.60+£0.34 | 7.9+1.0 2.4+0.4
Other backgrounds || 0.28+0.13 0.02+0.14 | 0.03+£0.06 | 0.21+0.09 | 0.01+0.11
Total SM 16.6+1.3 3.8+0.8 1.9+0.4 8.4+1.0 2.5+0.4
Data 19 2 I 10 6

0 observed events in SR

SM prediction:

0.109 + 0.023

+0.036
—-0.025

Events

Events/ 20 GeV

Events / 20 GeV

10* ™
10°

—e—Data 2010
= Monte Carlo
W +jets
EZ+jets

]

i
10 [1dibosons
[ Drell Yan
==s MSGpt
= PGpt1

L DL L
\s=7TeV _[L dt=34pb’
(a) ATLAS Preliminary

mumi
L

4 5 6
number of jets

L LR I B~ L L I I I R

_ _ -1 7]

107 \s=7 TeV J.I_dt_34pb .
(d) ATLAS Preliminary

10
1
10"
102 : N
.h.l-'. i L1 1 I 11 I 1.1 I 111 I L1 1 I Ll ] _» oo ; I I ‘.‘.L-|
0 20 40 60 80 100 120 140 160 180 200
Mgeog [GeV]

U BN BN LA™ BLALELE LA ILELLE BLELEL ILELAL B
10 \-7Tev JLdt=34pb" E
(d) ATLAS Preliminary .

-------

10—1 lllll ‘ I—i { E
: L [
l—.
10%g £ -
11 :.l I-La: v e by e by s ba o by |_I_I_I_. 11 .
0 20 40 60 80 100 120 140 160 180 20
¥, [GeV]
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3 Lepton- mSUGRA

m, < My : very soft lepton

MSUGRA/CMSSM: tang = 3, A = 0, >0

L™ = 34 pb™”, \Js=7 TeV

; L I I | I I I I I I I I I I I I I I I I I I I |
% 320 ATLAS Preliminary —— Observed limit 95% CL
._‘.; 300 — multilepton ———-- Median expected limit—
= gopeMen e 3
260 e [ LEP2f 3
-5(600GeV) & -0 =

240 s - T - Do x1sX2 -E
D0g, q,u<0,2.1f" -

220 =* e -

TS ee——— T - CDFg,a! tanB:S'sz-

|

g(800GeV) T T
d (500 GeV) =]

- e

-
~ -
L1

IIIII

200

Signal-model independent exclusion result :
Upper limit on Oef = 0 X Acceptance x €
62 fb
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3-lepton Pheno

2 Pheno Scenarios:

MSSM PhenoGrid2 L™ = 34 pb, J5=7 TeV

LI lllllll.lllllllllllllllllllllllllllllllllllll
! (a) ATLAS Preliminary

pSS4 Observed limit 95% CL (Comp. spectrum)
. — = Median expected limit (Comp. spectrum)
4 Observed limit 95% CL (Light neutralino)
'.. ----- Median expected limit (Light neutralino)
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For m(gluino) = m(squark) + 10 GeV
Exclusion of

squarks below 480 (600) GeV in the
“compressed” (“light neutralino”) scenario

» right-handed sfermions pushed to high mass

» Ccross-section slightly reduced
» lepton fraction increased (right-handed
squarks decay to bino-like LSP)

MSSM PhenoGrid3 L™ - 34 pb', \V5=7 TeV
800 e

-==== Meadian expected limit (Light neutralino)

500 550 600 650 700 750 800
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For m(gluino) = m(squark) + 10 GeV

Exclusion of

squarks below 540 (670) GeV in the

“compressed” (“light neutralino”) scenario

; llllllllllllll'tllllllllllIlllllllllllllllllllllll
8 750 (b) ATLAS Preliminary
L
6508
< > P
&
Qo 3&
) )
0’0 QI I K I I X X ) ’0’.
: 2525 900000 0 0 000 0 e v e v e
4& *,* 0.0’0.0.0’0.0.0’0’0.0’ .0.0
S0 000090000006
(": & 0’0.0’0.0.0.0’0.0.0‘0 <
& &
& &
XXNx — = Median expected limit (Comp. spectrum)
- O _— . .
350E 0.:.: Observed limit 5% CL (Light neutralino)
*.$
x> P

S
P

3

W
(42
o
N
o



3.1/pb

Diphoton+MET

> B _
8102: —— Data 2010 s = 7 TeV) -
ok E== Total background E
® Look for 2 photons w/ ET>25 GeV - N UED1/R=500GeV |
: D R - 00 ey
and EHadT/ET<O.2 %} E \\\\\\\\\\\\\\\\ e E
® UED signal expected at MET>75 - ot L ]
(= Juat=stps E
° keep expec ted bk g to | A B :
10 0 E
-é T gl/l(;LL |t T T T 10_3;_: IIIIIIII | .
u — 95% CL Limi - |
©10°: P m - ~ATLAS Preliminary
B - t . ' '
cross section i 0 10 20 30 40 50 75 150 600
) : | EMs [GeV]
JLdt=3.1pb Ns=7TeV | ® Fix other model parameters
(AR=20,N=6,Mp=5 TeV)... put limit

10+

ATLAS Preliminary
-‘__—‘\-‘—h\\_ ——

N

400 500 600 700 _ 800

1/R [GeV]

on I/R > 728 GeV
® DO limitisat477 GeV

® No GMSB limit calculated (not
competitive with 3.1/pb)
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Summary of Searches

® large MET signatures + [b]-Jets + leptons are well covered

® Most stringent limits on squark/gluino-like masses come from 0
lepton... Limit at 500-870 GeV range.

® b-jets give limits on 3rd generation partners ~ 500 GeV
® We are Missing T’s... but they are difficult.
® Nearly all results interpreted:
® Ornd=0XxE&XA
® You'll need a model + simulation to interpret

® mSUGRA: Historical

® Phenomenological MSSM: Topology motivated... NLO SUSY x-sections
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Total Integrated Luminosity [pb ]

Status...

_ ATLAS Online Luminosity
50— LHC Delivered Al

E LHC Delivered Stable
401 [[_]ATLAS Ready Recorded
30—
201
10—

Loaaaalaas gl

2011 Records

Items in red are records set in the past week

IITTTIIT1IIIIITIII1IIIITTIIIYTIIITIVIIITTIITTYII

\'s=7TeV

Jlllllllll

Integrated Luminosity [pb ~day]

0 ' 1 { 111 L L
26/02 05/03 12/03 19/03 26/03 02/04 09/04 16/04

||1|'Tllr7'IIIITIIITTIlI"T'll"ll]I]IIIIVTIIYITII
1217 ATLAS Online Luminosity s =7 Tev 1
10— LHC Delivered All -
= LHC Delivered Stable 3
af [ ] ATLAS Ready Recorded -
6~
ar
2
R 3 RS WS ER M R R P ErT A K i e Il B

0
26/02 05/03 12/03 19/03 26/03 02/04 09/04 16/04
Day in 2011

|Peak Stable Luminosity Delivered ||2 49x1032 ||r-'m 1645 | 11/03/22 17:12
Maxnmum Lummoslty Delivered in one fill 7332 97 nb” 1 Fill 1647 1/03/23 08:34
Maxumum Luminosity Delivered in one day m Friday 15 April, 2011

Maximum Luminosity Delivered in 7 days 27954.44 nb™! Friday 18 March, 2011 - Thursday 24 March, 2011
Maximum Colliding Bunches Fil 1704 11/04/13, 10:17

|Maximum Peak Events per Bunch Crossing ||13.66 ||Fill 1704 ||1 1/04/13, 10:17

|Maximum Average Events per Bunch Crossing ||893 ||Fill 1644 ||1 1/03/22, 02:20

Best ATLAS Recording Efficiency for one day (> 10 nb™") Sunday 20 March, 2011

|Best ATLAS Recording Efficiency for 7 days (> 100 nb™) ||98.3 percent |

|| Eursday 24 March, 2011 - Wednesday 30 March, 2011 |
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Next Steps...

® What is happening for summer 201 |?
® |ots more data...
® Understanding/handling Pileup (10x in time, 50 ns out of time)
® We heard about 50 ns bunch spacing this week! Need MC!
® Re-optimization of analyses

® Many analyses will have a multiple signal regions to maximize
coverage

® Addressing problematic backgrounds

® Meanwhile... since we have data, we need to confront some big
questions

® Theory/Experiment Boundary
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Theory/Experiment Boundary

® How should theorists and experimentalists communicate... and where should we draw the line!?
®  Who runs the simulation?
®  Experimentalists: Full / Fast Geant4

®  Fast Simulation is being validated now... may help limit CPU/Disk constraints on signal grids
and Background stats (sometimes dominant systematic)

®  Theorists: PGS/Delphes
° ATLAS has be resistant to providing an official tune...
®  What is the appropriate level for communication!?

®  Theories (GUT/Planck Scale) = SUSY Breaking Models (GUT/Planck to TeV Scale) —
Phenomenological Models (TeV Scale) — Simplified Models (TeV Scale)

® I’'m hoping for a shift towards Simplified Models
®  Approaches:
® | HCNewPhysics.org: Database of Models for experimentalists to test
®  Recast: Building Mechanism of reinterpreting existing results.

®  Maybe not an interesting topic to some... but critical to have a plan if you want a change and you consider
the inertia of large collaboration
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Simplified Models

. . . . 2-body direct deca 3-body direct deca 2-step cascade deca
® |dea: ldentify New Physics topologies which S ; —— ; — )
contribute to an experimental signature mg+———9 | | mgt——-ouG || my{— g
+ +qq o X
. . . . m i 2
e Simple Effective Theories with TeV scale g 1 o] T30
. T 0 0
parameters (masses of the particles) Moy v X0 || ey = X0 | el SEZ X
o Effor’t by CERN -+ UTA + UCI + ven to replace Pheno 1-step cascade decay (r=1/4) 1-step cascade decay (r=1/2) 1-step cascade decay (r=3/4)
MSSM GRIDS mg 41— g mg + — g mg T 7 —7 g
+qd +qd mye] 9T \E
® Based on Alves, Izaguirre,Wacker [arxiv: | [ e vt -
. Mmy+l v X L +
1102.5338] - 24 model points myo] LW 30 | [yl 4 O | | ml N
e Nearly 7K model points defined by our group ' '
1-step cascade decay (r=1/2) 1-step cascade decay (r=1/2)

® Some internal resistance, though CPU/Disk is
not really an issue.

' sensitivity of ATLAS pre-selection

' optimal sensitivities
800 f cuts for SUSY searches I

800

600 - 600

® Direct Decays (mostly for O lepton) already _
approved &
g

m,(GeV)

e Optimization: Best way to optimize in nearly model-
independent manner since model parameters |
directly affect kinematics... ol

200+ 200+

B [/ Al

200 200 400 600 800
mg (GeV) mg (GeV)
® The simplified models are starting to drive the definition of multiple signal regions.

® |nterpretation: Hope to Produce Limits of BR x O

® Not everyone is convinced...
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Backgrounds

Category of Backgrounds: QCD vs top vs W/Z+]et

Categories of Approaches:
®  Fully MC dependent- Worry about Theory systematics and MC stats (we can’t keep up)
® Semi-data driven: Shapes from MC, normalization from Data (in control regions)
e  Fully Data-driven: MC only used for qualitative understanding/validation of method.

Choice of observables matters: some observables provide natural side-bands/control regions (eg Mr arxiv:
1006.2727).

Example:
® | Lepton: backgrounds estimated with semi-data-driven methods.
® 0 Lepton: backgrounds estimated using MC, cross-checked with data-driven methods.
® The theory systematic is smaller than the statistical error of data-driven methods.

Problems: In many cases, we increase sensitivity by requesting higher Jet Multiplicity - but then we are
limited by theory systematics on W/Z+]et bkg estimates or lack of stats for bkg estimation

® Y+etis a solution here... expect cross-section and SUSY bkg estimations this summer

®  We can think of clever marriage of topological approaches (easier bkg estimation) and high jet
multiplicity regions

Good news: LHC’s first SM measurements show that (N)NLO predictions (extrapolations from 2 TeV) are
very reliable... this wasn’t obvious | year ago.
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Final Remarks

LHC and ATLAS has performed remarkably.
So have simulation and (N)NLO calculations.

Lots of on-going effort to make sure we have good
coverage...

Worthwhile to discuss how theorists/experimentalist want to
communicate

Long history behind our approaches... but we are slowly
evolving.
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2 Lepton Pheno Grid

Consider more general MSSM 24-parameter framework:
oMg) , tanp=4, A=p/tanp, A,=A=utanf
— Common squark,slepton mass for 15t, 2"d generation, 3" generation at high mass

— mM,=1000 GeV, pu=1.5xmin(m

“compressed spectrum’ (CS): m(x°,) =M - 50 GeV, m(y°,)=M - 150 GeV, m(I )=M - 100 GeV, with

M=min(my,m,) - soft final state kinematics

g’
“light neutralino” (LN): m(y°,)=100 GeV, m(%°,) =M-100 GeV, m(l, )=M/2 GeV > hard kinematics
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Entries / 10 GeV

Data/SM

| Iepton After Preselectlon

- 'e Data2010 \s=7TeV) -
104 - ATLAS — Standard Model |
= I multijets 3
- 3 W+jets -
B L dt ~ 35 pb Bl Z+jets ]
10° =L f P O E
3 single top -
5[] @ Dibosons u
10 -++-MSUGRA m;=360 m, ,=280=
1 lepton: e, u 3
10 E
1 =
10'8
of
o o & ++ 1 o
15 o 0++ +'++++++ #&
oo o by v by Lo v v v b v Py v by v v b v v by e Py
O0 50 100 150 200 250 300 350 400 450 500

® Plots after lepton selection:

E™S [GeV]

Entries / 10 GeV

Data/SM

10*

10% e

102

10

1

= I multijets

"e Data 2010 Ns= 7 TeV)
— Standard Model

3 W+jets

BB Z+jets

it

3 single top

[ Dibosons

=== MSUGRA m,=360 m

1 lepton: e, u

1,5=280

50 100 150 200 250 300 350 400 450 500
m; [GeV]

o W/Z/top Backgrounds from MC

® QCD Normalization from data-driven method (see later

slides), shape from MC.

® Yellow bands: MC stats + |ES systematics.
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eEx A

| Lepton Event Selections

Exactly Tight | lepton > 20 GeV (no overlap with 0 lepton sample)

mt > 100 GeV (reject WHjet/top)
MET > 125 GeV
MET/mes > 0.25
mesf > 500 GeV

2 lepton covered by other analysis
At least 3 Jets with pt > 60, 30, 30 GeV

branching fraction, m|» dependent)

Eff ~ 0.01% - 4% (dominated by lepton

mr = -\/2 : l’fj ' Efpiss (1 = cos(Agp(L, E?iss)_))‘

0.07¢ T A s . < 007 71—
:.ml/2=100 GeV ATLAS - U>j :.m1/2=100 GeV
0.06 Fxm,,=160 GeV EI ectron — 0.06 [xm,,=160 GeV
Fxm,,=220 GeV - Fxm,,,=220 GeV
0.05 Fmm,,=280 GeV = 0.05 -mm,,=280 GeV
0.04 Fvm,, =340 GeV B 0.04 év m,,=340 GeV
0.03F- K Tk ] 0.0
E fai L 0.02F4 %
0.02 g -T. ," b e - —] . _ T
- -: . :&:x X->-<"‘")'(- . -*- —*- -*- -*- -*- _*_ } ,*_ - .*._ n " X T*_,.xu“):(*)'( D¢ 5 %
[ Mo T e T S g, e L e W
0.01__*_% & e _: 0'01: Sy iy
E *M_*_*_%_%.%_*_*_%_% -
% 200 400 600 1000 1200 % 200 400
m, [GeV]

800

1000 1200
m, [GeV]
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SO(10) GUT model

U J) moaelis.:
Baer et al, JHEP
1002 (2010) 055

» Exclusion also calculated for SO(10) GUT model using b-jet+MET results
m_,~50—90 GeV, m..~100—180 GeV, m;~300—600 GeV

m(scalar) > TeV
Chargmo neutralino or glulno

pair production with g — b b X 12

Selection efficiency ~7-20%

Higgs Splitting

(HS) model

m, " —mlo 2M

m,>420 GeV D-term splitting
(DR3) model

Mass splitting in Higgs and scalars

+v; Yukawa couplings

+3" generation mass splitting

m;>500 GeV

Cross section [pb]

o

IIIIIIW

SO(10) HS model

~ —— NLO Prospino

-
e
-

-----

—&— obs. limit 95% C.L.
-=<--= exp. limit 95% C.L.

ATLAS Preliminary

J.L dt=35pb”,\s=7TeV

[ b-jet channel, O-lepton, 3 jets

|IIIllllllllIllllllllllllllllllll

Illllllllllll

300 350 400 450 500 550 600 650 700 750

m; [GeV]
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0 Lepton Background Estimation

o QCD:
® mostly mis-reconstruction + heavy flavors
B Estimated from MC rescaled to control

o W/Z+jets (dominant):
° W-TV
® W-—V, missed lepton

region
® VWV e PYTHIA 6.4.21 with MRST2007 and
B Estimated from MC ALPGEN

® Theory Systematic smaller than statistical
uncertainty of data-driven method

® ALPGEN 2.152-5 parton (LO)
normalized to FEWZ 2.0 (NLO)

® Cross-checked with data

Reverse A® cut for control region

® Good Data/MC agreement after
rescaling

® Cross-checked with Jet smeared MC
(producing large MET)

Leptons removed from W/Z in data ® Cross-checked with Scaling using
® MC normalized to data control control region based on MET/me#
regions instead of A®

® Top pairs (mostly tt—bbTvqq) and Single Top
B Estimated from MC
e MC@NLO 341 CTEQ 6.1

® Cross-checked with data (muons replaced with taus)
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| Lepton Background Estimation

MY [GeV]

W+Jets and Top
B Measured in a fit to W, Top,and QCD

control regions (in MET/mt plane)

® extrapolated into signal region using MC.
® Fits accounts for cross contamination
(including QCD).
® Cross-checked against MC and Extra
control regions (XR below)
180 .
160 -
140 f— XR Top dilep SR —f
120f -
100[- xR W XR Top -
80F =
- no b-jet . -
B0FXRWTop | WR .*° TR XR highm__ —
- * =1 Db-jet =
40 ]
20 f— QR XR QCD(1) XR QCD(2) —f
00 ~"20" 40 60 80 100 120 140 160 180

ET° [GeV]

® QCD
B Estimated via Loose/Tight “Matrix” method

QCD dominated region created by loosing
lepton selection

Expectation ~ 0 in signal region.

= W control region (WR)

1. 40GeV<mT <80GeV

2. 30 GeV < ETmiss < 80 GeV

3. None of 3 selected jets is b-tagged
= Top control region (TR)

1. 40GeV<mT <80GeV

2. 30 GeV < ETmiss < 80 GeV

3. =1 of 3 selected jets is b-tagged
= QCD control region (QR)

1. mlT <40 GeV

2. ETmiss < 40 GeV
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Heavy Flavors

Heavy flavors is a good example of possible complications, and how topology-
based approaches can help develop a search.

Heavy Flavor Production:

. / 7 Masses
® strong b,t partner production B ] Mg/,
~~ < [ a
bb,tt n e Mpsp
)\ £ ) \ i
f “Ef " EA
oB or
® gluino production
Masses . |
0 '
\\\ \\\ ‘ § = (
Ef Ef Mpsp .
g —bb § — N LSP

Decay: various possible depending on other sparticle masses

b—=bx’ b—txi T —=(t/c)x) T =bx:,blv

Parameters: M(gluino) - M(stop)/M(sbottom) - M(chi0)
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Heavy Flavor Parameters

® Must simultaneously consider all basic production and decay

® eg gluino pair prod:

> . > J o> ! . -
L N \ q \ ‘ ) | M LS P
5 N " N N \
G\ N LSP N LSP N LSP N rap
Q
oo . BR,, BRy,
® eg squark pair prod: BRe |
-~ e ° - Masm/r
9] (-‘; \ on AN N
N N N\
N LSP NLSP \ raop MLSP

® Note that parameters are masses
® Scan cross-sections and branching ratios by weighting events

® Note that this is a subset of the simplified model case study in e.g. arXiv:0810.3921 which
includes wider scope to constrain new physics (e.g. lepton count)



Mapping to Signatures

Even with heavy flavor restriction, multiple topologies map to
each signature

Here assume 100% branching ratios to b/t (light branching
ratio has wider scope)

“4b+|\/|ET signature” “2b+MET signature”

Let’s look at the topologies one by one...
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Gluino— 4b-Jets + MET

qrL.r

| 2b — jets

® 4b et signature

® We find that;

® Observables such as Jet pT, Mefi, and MET are nearly only sensitive AM(~g,X0)
® Gluino mass affects mainly cross-section, not sensitivity
® All 4 leading jets sensitive to mass difference

® Expect b-jets with low pT



Squark— 2 b-Jets + MET

b, A
qL.r
¢
. L LSP
bt _~
\ b
bt S . LSP | b—jet
\ / .
bt

® Considered 2 b-jet signature only

2 stop prod: more complicated final state is possible -> softer b-jets

® We find that:

Observables such as Jet pT, Mes, and MET are nearly only sensitive to AM(~b,X0)
Squark (partner) mass determines x-section, not sensitivity

Two (b-)jets sensitive to mass difference

Additional light jets not sensitive to mass difference (see 4th leading jet pT)

Low overall jet multiplicity: largely unaffected by mass difference
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Gluino— t/b-Jets + MET

e 2b2t+ MET

® 4 b-jet signature

air ® Top production creates more complicated
final state

® Softer b-jets

\ e Higher light jet multiplicity

. Y, | ®  AM(~gXO0) still main parameter for jet and
% X MET kinematics

® Might expect two hard and two softer b-jets

® 4t+ MET
® 4 b-jet + MET signature

® AM(~gX0) determines available jet and LSP
kinematics

® Moderated by top decay -> expect less sensitivity
to mass difference

® Softer b-jets i

e High (light) jet multiplicity (low pT) \ ] j
® Requires rather large gluino partner mass / X’
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Heavy Flavor Analysis Strategy

Looking at topologies, we can develop an analysis strategy

Helps trigger optimization

Hard to create one analysis with good sensitivity in all sighatures.

Example strategy:

® Case I: 2 high pT b-jets + large MET
®  Can cover topologies
®  B->b+LSP or T->t+LSP w/ large AM
®  G->tb+LSP large AM
®  Possibly low jet multiplicity
®  Trigger: MET+jets, b-jets

® Case 3: 4 high pT b-jets + large MET
®  Generally 4b signatures with high AM
®  Can cover topologies: Gluino->4b and 2t2b
®  High b-tag multiplicity ( >=32,4?)
®  Small backgrounds?

®  Trigger: b-jet, MET +jets, multijets

Case 2: 2 low pT b-jets + low MET
®  Extends into cases with low pT 3rd, 4th b-jet
®  Can cover topologies (generally low AM)
®  B->b+LSP or T->t+LSP w/ small AM
®  G->2b/2t2b+LSP (small AM) and G->2t+LSP
® Low pT b-tag optimization
° Event variables

®  Trigger: b-jets,MET+jets

Case 4: 4 low pT b-jets + small MET
®  Generally 4b signatures with low AM
®  Can cover topologies: Gluino->4b, 2t2b, 4t
®  High b-tag multiplicity ( >=3?, 4?)
®  Small backgrounds!?

®  Trigger: b-jets, MET +jets
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SUSY Phenomenology

SSB origin
® No scalar electron partner = SUSY broken {udden
sector)
® [f want SUSY to preserve EW naturalness =
SUSY broken in hidden sector at scale F < My,
® SUSY has 105 parameters... MSSM

(visible sector)
® Some SUSY Breaking Models take parameters

to a practical handful, example:

RG evolution of unified mMSUGRA mass parameters

® Minimal Gravity Mediated (mSUGRA): mo, o U
min, sig(M), tan B, Ao '

500 .
. - (W+m>) ©
- S W U R

F N
o
o

B Just a useful framework for searches

Mass [GeV]

® R-Parity = +1I (-1) for SM (SUSY) particles

® RPC:no proton decay, dark matter (LSP),
SUSY produced in pairs | |

1 " " M 1 M 1 " " A
2 4 6 8 10 12 14 16 18
Log,,(Q/1 GeV)



SUSY Motivation

® Aesthetic: new space-time symmetry

Spin 0 Spin 1/2 Spin 1 Spin 3/2 Spin 0

Higgs Higgsino Gravitino  Graviton

® Leads to new partners for every SM particle.

sLepton Lepton
sQuark Quark

® Removes quadratic divergences (Higgs mass). ol .
Zino V4 SUSY
B Resolves Hierarchy problem wio B
Fermion loop
. f
® Compelling because SUSY also: Q
I
® Gauge unification .

® Has Graviton bt L

® Dark matter Candidate: The Lightest SUSY
Particle can be a heavy stable neutral particle

® “Predicted” by String theory

® Note: no explanation of the origin of SM
parameters (masses, CP), or neutrino masses. lll

l*norg\ (GeV)
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Coverage

Number of analyses | Flat, 1 fb™ Flat, 10 fb™ ‘

0 | oserst | 03679
I N [ - [ 5

[ 33% | osmT |

5| 1 | doem |
4| wow | 1sam |

[ om2 | 103 |
6 o | teom |
7 | oo | 1rew |
s | e | 1|
o | 395 | 3w |
10| o0 | 27 |
—u | o3 | 1o16 |

e pMSSM (Conley, Gainer, Hewett, Le, Rizzo arXiv:
1009.2539):

® |9 dim reduction of MSSM, sampled with masses
< |TeV

® 98.8% discovered by at least one ATLAS search
with 10/fb of 14 TeV data.

® ATLAS looked at pMSSM, assuming 200/pb of 10 TeV

° Green is not found... rest is found

° Closer look showed that not found because:

| 1200 I I ' ! oun
> - ATLAS Preliminary at 10 TeV . N et
O, [ 56 discovery pMSSM with constraints ®  4iet Olepton and 1epton
E'U’ 1000— - . 4jet 1-eplon and 2-leptons
B _ = - B 4jet Odeplon
L - .l [ | A o am ¥ 4jet 1eplon
800 - o ‘ : - ]
B mE ' »® _
- e -
600~ w °m ""'.". l“. v -
B ..-, . IO. L I i u ]
400— m .I * o ]
_ E, " o m '. 8 .
L = - -
200— * . —
0 1 1 1 l 1 1 1 l 1 1 1 I 1 1 1 l 1 1 1 l 1 1 1

200 400 600 800 1000 1200
min (m_, ma, m, me) [GeV]
u

® upper/right- low x-section
e didn’t consider b-jets channel
® low pr jets... difficult to see!

® So it appears that ATLAS coverage is very good... we
don’t miss much because of model bias.

® Exact same searches give similar sensitivity to UED
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SUSY to UED

® Exact same searches
give sensitivity to
Minimal Universal
Extra Dimensions

® Provide similar
reach in mass scale.

® Though our strategies
are often inspired by a
model (eg SUSY), our
sensitivity is obviously
not.

q) :J. l I l '.{Il l LI [ LI I LI I T J:
e 6 ATLAS Preliminary —
S F 10 TeV .
T 50 UED model -
> r ._ -
n r .
e n E
3 -

, - » 3jet+Olep - =

C = 2jet+1lep ]

1 4 2jet+2lep OS 'S =

I I I |:

_l L1 I L1 1 1 L1 1 1 | I I | L1 1 1 I L1 1 1 l --;_'--i—"'f- | I | I N | | | |
300 400 500 600 700 800 900 1000
1/R [GeV]
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Entries / 10 GeV

Entries / 20 GeV

One Lepton _40) /0/pb
P q\\\ Resu ItS ATLAS-CONF-ZOI(I)?O66

\\ ‘\
‘\ \ ) Electron channel Muon channel

*\X‘ Selection Data Monte Carlo | Data Monte Carlo
\s = eC'I[I’(i'JrIW Clhelarlmell ; OI E)éta .'2(l)1l0 (\lSl '7 'I"e'V'): pT(‘e) > 20 GeV N 143 157 + 85 40 37 + 14
2| P == Monte Carlo > 2 jets with pr > 30 GeV
10°g J.L dt ~ 70 nb JQcD E s
S @ W-+jets 3 N EF™ > 30 GeV 13 16 =7 17 1547
Z+iet ]
1ok =T _= A mp > 100 GeV 2 36+16| 1 28+12
______ --- SU4 (x10) 3
. > = ' MuonChannel  's Data2010'\s =7 TeV)3
1 1 O T
3 - E Ldt~70nb’ B Wajets g
................. LY v --- T - 8 - -Z_+jets -
10" E—— = = 10 { } e (x10) 3
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wofe o e B
- ATLAS Preliminary 107§ =
10—.‘3 PRI U N N TN N SN U AN [N T T S [T T T NV T T T T AN S S S NSO
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0 20 40 60 80 100 120 140 160 180 200
_l TT T[T T T T[T |E|I|e|cltr!0|n| C'r,;e;rl]r%elll T .I |D|a|Ia '2'0'1;) &I‘é '='7 _'I_'e\")': % :| L e ||\|A|U|O|n| blhlalnlnlelll T T 1T |.| 'D'E;tla l2l0l1l0|(\l‘é T l7| _lrle\l/)l_ m_l_ [GeV]
10 1 Eggrge Carlo — O 10k 1 — Monte Carlo |
- ~ _ 1 g - - ' QCD 5
- IL dt ~ 70 nb SRR 1 & 5 IL dt ~ 70 nb Ewﬂ.ets 3
B Bl Z+jets i n N Bl Z+jets ]
f B f
1= - SU4 (x10) T £ 1F - SU4 (x10) =
- - ATLAS Preliminary 3§ " - - ATLAS Preliminary 1
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107 E 10" =
10%E E 107 E
1 0—3 i e 1 0—3 i I L o la o nallanaallonar :
0 100 200 300 400 500 600 700 800 900 100! 0O 100 200 300 400 500 600 700 800 900 1000
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Inner-Detector
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® Sig/Bkg=1222 + |1 /28 + 2 events

® Mass Mean/Res;: 3.09+ 0.01 / 0.07%
001 GeV
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Material

® Goal is to know Material
better than 5%...

® Currently 10%

_IIIII IIIIIIII |IIII|IIII|IIII| IIIIIIII _I_
ATLAS Preliminary -0.626 <1< D1EID—

Data

Entries / 2 mm

Pixel support
structures

Dalitz

:ays

Y—ee Conversion Vertex Radius
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Material

E 250~ | ATLAS Preliminary  -0.626 <1 < -0.100 —

.E 2naf— |:| Eammmim candidates —
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40F :
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Muons



Opposite Sign muon pairs

Muons

I T T TTTT [ J‘h‘"I‘IIIII [ IIIIIII|
L~2.0pb’

ATLAS Preliminary

Resonances
Data 2010,Vs= 7 TeV

1 10 10°
M, [GeV]
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Opposite Sign muon pairs

Muons

ATLAS Preliminary

Resonances
Data 2010,Vs= 7 TeV

1 1C

L~2.0pb’

% LI | LI | T | LR | L | LI I_
& Data 2010: Opposite Sign i
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Muons

Opposite Sign muon pairs

%30
10L ATLAS Preliminary gzsooi
- Resonances i ™
| T 15001
1 = Data 2010,Ns=7TeV & |
C 0ol Lo ol =1000
1 1C 5001
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b 22 24 26 28
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&
a
F-' ¥99tessutess

B P

3 32 34 36 38 4
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® Absolute momentum scale known to ~ 0.2%

® Momentum resolution to ~2 % in the few GeV region

J/p mass resolution vs muon n
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Electrons



Electrons

Many handles for identification:

® Joose: rough shower shape and track
® medium: ref shower shape, pixel hit, dO

® tight: track match, transition radiation, E/p
Tight (>20 GeV) ~10° Jet rejection
Initial E-scale transported from test-beam with help from MC

Inter-calibration Checked (to ~2%) with Tt%s and Z’s
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Electrons

Many handles for identification:
® Joose: rough shower shape and track
® medium: ref shower shape, pixel hit, dO

® tight: track match, transition radiation, E/p
Tight (>20 GeV) ~10° Jet rejection
Initial E-scale transported from test-beam with help from MC

Inter-calibration Checked (to ~2%) with Tt%s and Z’s

120IIII|IIII|IIII|IIIIIIII|IIII|IIII|III
ATLAS Preliminary +Dﬂtadei=3.14pb

|:| MC Z—ee

= Fijt to data

| &

100

Events / 1 GeV

80

60

® /7 Resolution: 40

e O(data) = 1.59+0.04 GeV 20

e | | 1 1 [ I | I [ I 1 1 I 1™ HH i =
%0 75 8 8 90 95 100 105 110
2 Medium Electrons .. [GeV]
67

e O(MC) = 1.40£0.01 GeV



Photons



Photons

® Tight Selection tuned to
match MC:

® rely heavily on shower
structure in strip section

® completed by isolation

® Jet rejection (leading T19)
less effective than for
electrons

® Retuning / better
berformance coming
soon.
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Photons

® Tight Selection tuned to
match MC:

® rely heavily on shower
structure in strip section

® completed by isolation

® Jet rejection (leading T19)
less effective than for
electrons

® Retuning / better
berformance coming
soon.

Event Display

Event Display
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Photons

® Tight Selection tuned to Event Display SV 2TER )
match MC:
® rely heavily on shower —— ——

structure in strip section

® completed by isolation

Y L
® et rejection (leading TT°) s N
. 2 09 | | ATLAS Preliminary —
less effective than for 2 I 1 '
electrons £ orp ]ﬁ[ i [ :
a 0.6 - l | | =
® Retuning / better Sy | R vs=7Tev fLars tss !
performance coming 0.3 [ e .
0.2 - g —a— 0.6<=(n|<1.37 =
Soon. 5.1E- E : 1.52<=[n|<1.8 E

= , ! —— 1.8<=|n|<2.37
Qo095 20 25 30 35 40

Efzrluster [GEV]

Purity Measured in Data
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MET with hlgh -pT Jets

gé 0 Events with jets pt > 20GeV flt 0.53 \} _;
85 e Allevents: fit 0.49 \|Z E; E
- Lew -
7E EE
6 1>
= o0 10
5 ;— o‘.. e —; 0
(I Calibrated 1o
- o 1T
3 o B
2:_..‘ Data 2010 Vs =7TeV 33
o £Ldt=14.3 nb’ 1S
e ATLAS Prellmlnary |<4.5 ER
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> E, [GeV]

Some data/MC disagreement in MET
for events with high pT jets

® But tails are generally under
control

® Smearing Jets in MC to reproduce
Data Jet performance produces
good Data/MC agreement in MET

69



T T T I T T I ] T T L

rations

\ B e | o

3 = ATLAS Online Luminosity Vs =7 Tev 1 , ,

S 70| W AR ® 48.87/pb delivered by this

2 - |:] LHC Delivered All . ) ) M h 30th

§ GO}L_ Ij LHC Delivered Stable g mornlng since arc

€ =[] ATLAS Ready Recorded ] . .

3 S0 : ® van der Meer Luminosity

3 40— i uncertainty of | 1% will go

© } =

= E 2 down to 5%.

g 30— = °

= s =

— I - .

S 20 = ® Peak Lumi:2.07 x 1032 cm? s’/

= x 3

10F E N : “
E . ® Lumi weighted data-taking ¢)
o | PRI R B * o O (i | [ B e ) s o V(
26/03 23/04 21/05 18/06 16/07 13/08 10/0908/10 05/11 efficiency ~ 92% 4 ’,
Day in 2010 )

Peak Stable Luminosity Delivered 2 07x1032 Fill 1440 10/10/24, 23:48
Maximum Luminosity Delivered in one fill 6304.61 nb1 Fill 1450 10/10/27, 18:39 4 )
Maximum Luminosity Delivered in one day 5983.78 nb! Monday 25 October, 2010
Maximum Luminosity Delivered in 7 days 24637.08 nb™! Sunday 24 October, 2010 - Saturday 30 October, 2010
Maximum Colliding Bunches 348 Fill 1440 10/10/24, 23:48
Maximum Average Events per Bunch Crossing 3.78 Fill 1440 10/10/24, 23:48
Longest Time in Stable Beams for one fill 30.3 hours Fill 1058 10/04/24, 01:13

Longest Time in Stable Beams for one day

22.8 hours (94.9%)

Saturday 24 April, 2010

Longest Time in Stable Beams for 7 days

69.9 hours (41.6%)

Monday 02 August, 2010 -

Sunday 08 August, 2010

Fastest Turnaround to Stable Beams 3.66 hours Fill 1284 10/08/14, 10:05

Fastest ATLAS Ready from Stable Beams 25.0 seconds Fill 1285 10/08/14, 22:39

Best ATLAS Recording Efficiency for one fill 99.4 percent Fill 1285 10/08/14, 18:26

Best ATLAS Recording Efficiency for one day (> 10 nb™') 99.9 percent Monday 16 August, 2010

Best ATLAS Recording Efficiency for 7 days (> 100 nb1) 99.7 percent Thursday 12 August, 2010 - Wednesday 18 August, 2010
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Detector Status

® Sources of data taking inefficiency:

Inner Tracking

Detectors Calorimeters Muon Detectors

® Si+ Muons HV Ramp LAr LAr LA
r r r

. Pixel SCT TRT EM  HAD FWD Tile MDT RPC TGC CSC
® LArg Noise Bursts DATA TAKING EFFICENCY>97%
96.7 975 100 938 988 99.0 99.7 986 985 98.6 98.5
o HV Trips (LArg/Tile) March 30-Aug 30: Fraction of data (after stable beams declared)marked as
good after 36-hours “calibration loop”, before start of reconstruction at TierO
® Fraction of good data after further ® Sources of channel inefficiency:

reprocessing is higher
e Failing LArg Front-end Optical Transmitters

(~1/month). So far|.5%

Pixels 80 M 97 3%
SCT Sileon Strips o3 29.2% e Failing SCT/Pixel Back-end Optical
TRT Transition Radiation Tracker 350 Kk 97 1% Transmitter's (~a feW/Week) Re Iace as we
LAr EM Calorimeter 170 k 98 1% ) P
Tile calorimeter 9800 96.9% g0-
Hadronic endcap LAr calorimeter 5600 99 9% . . .
Forward LAr calorimeter 3500 100% d Falllng Tlle LOW VOItage POWGF—SUPPIleS and
LVL1 Calo trigger 7160 Qg 9o, Fl‘ont-end interconneCtiVity.
LVL1 Muon RPC trigger 370 k 99 5%
LVL1 Muon TGC trigger 320k 100% ® No show stoppers... spares in production.
MDT Muon Drift Tubes 350 k 99 7%
C5C Cathode Strip Chambers 31k 98 5% . . . .
® Repairs during Christmas 9-day/ | -side
RPC Barrel Muon Chambers CHANNEL EFFICIENCYY™7%
TGC Endcap Muon Chambers 320 k 98 6% access
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Measured jets corrected to particle-truth

level (incl p and V) using parton-shower
MC (Pythia, Herwig)

Results compared to NLO QCD
prediction after corrections for
hadronization and underlying event

Theoretical uncertainty: ~20% (up to 40%
at large |y;|) from variation of PDF, s,

scale (MR, HF)

Experimental uncertainty: ~30-40%
dominated by |ES (known to ~7%,)

Luminosity uncertainty(| %) not included

= 10°
S e
H-‘-‘-\- _—
817
— L
ﬁ 104 = I NLO pQCD (CTEQ 6.6) x Non-pert. corr. E
o - -
O 3l anti-k, jets, A=0.6 ]
- _[ Ldt=17nb”"  Ns=7 TeV) 3
- * ]
21 —
10 = —— :
i — _
10 =
5 . 5
1 —'|!—-
T AT
> 2F - :
S 1.5F E
m . L | -
= : ———
=T e — e
© F I ®
b= !ZZI.SE | _
G D_ L I 1 i i —
100 200 300 400 500 600

p_[GeV]

All Jets from events with at least
one Jet pTj > 60 GeV, |yj|< 2.8
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[pb/GeV]
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- —— 08 <y <12 (x107)
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Di-jet cross-section vs angle

Leading Jet pt > 60 GeV, sub-leading > 30 GeV
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= F
c -
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Measured ~ 315/nb
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NNLO: (Z — Il) = 0.96 £0.05 nb
per family for 66<M; <| |6GeV

dominant experimental
uncertainty: lepton reconstruction
and identification

Z+]et x-section in progress.

® /UM can be used to estimate
Z—VV (though 6 times smaller)
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submitted to |HEP
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rXiv:1012.5382

submitted to Phys. Lett. B

Can also be used to estimate
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Inclusive Direct Photon ., 589

submitted to Phys. Rev. D
L L L L B L L B
® Backgrounds to photon >10'e ATLAS E
+MET (g ?_ e Data 2010,det=880 nb” =
Qo 3 R ---- luminosity uncertainty |
=10 —— =
. L — — JETPHOX NLO pQCD =
® Y+]et and diphoton x- 3 ~ . CTEQ6.6, o -
. n TR ETROT |
SeCt|OnS are neXt © 102 | —— JETPHOX systematic uncertainty_|
- —— -
® But Yt]etis also interesting - N\s=7Tev . -
. . . 10 —
because it allows estimating OF  hios -
n E;° <3 GeV N
Z(—2VV)tet. - A .

® Higher statistics than
Z— 1l or W.

® The ratio £—vvtjets
v+gets

stabilizes at high pT
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2.9/pb

arXiv:1012.1792
submitted to EPJC

® Measured in lepton
+|et and dilepton.

| \‘ \ -]
\ | 1 | .
1 & ) 6 7/ 8
- ) -
«\"\» \'s [TeV]
\\\1
Cross-section [pb] | Signal significance [o0]
- 50
Single lepton channels 142 + 34 3 4.0
Dilepton channels 15175+ 2.8
All channels 145 + 31 f‘z‘% 4.8
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3.1/pb

Diphoton+MET

Submitted to PRL
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ok E== Total background E
® Look for 2 photons w/ ET>25 GeV - N UED1/R=500GeV |
: D R - 00 ey
and EHadT/ET<O.2 %} E \\\\\\\\\\\\\\\\ e E
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(= Juat=stps E
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u — 95% CL Limi - |
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B - t . ' '
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on I/R > 728 GeV
® DO limitisat477 GeV

® No GMSB limit calculated (not
competitive with 3.1/pb)
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