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Overview

* First time we have a virtually complete set of realistic studies with full
simulation, realistic detector description (geometry, alignment),
trigger menus, data-driven background determinations, complete assessment
of systematic effects,...

* All results are preliminary, but will be published shortly in the context
of the ATLAS “Computing System Commissioning” (CSC) effort

* Most analyses for 1 fb™' (some 100 pb™' or 10 fb™)

Can't show you ALL ATLAS NP searches in 30 min, focus on
> SUSY
> FCNC in top decay, ttbar resonances
> 7
> Leptoquarks
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Physics Reach Overview
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Sample size with 100 pb™'
similar to Tevatron today:

2.000.000 W~1v
200.000 Z~>I
20.000 tt=>1v+X

At 103 cms':

W-lv 20 Hz
el 2 Hz
>1v+X 0.2 Hz

§gooGeV): 0.1 Hz
SM Higgs :~10%Hz

°* Amazing increase in cross section

Cross Sections of Physics Processes (pb)
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* Excellent disovery potential with early data

9. June 2008: Flavour as a Window to NP @ the LHC - Tobias Golling — ATLAS NP Searches

@ Page 4




ATLAS — Multi-purpose Experiment

Muon Detectors Tile Calorimeter Liquid Argon Calorimeter
] |

| x\ B

' ! .
Toroid Magnets Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker
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ODbject Reconstruction

Excellent performance over
unprecedented energy range:
few GeV - few TeV

I Muon spectrometer I

Hadron calorimeter | | jfatime b-tagging with Pixel detector

I Inner tracker

p Secondary vix

displaced track

N Primary vtx 1 d

[
o)
N S
N / \ FI
S ]
N d
i

Hadronic
jet
Non-standard reconstruction:
* Non-pointing photons
* long-lived heavy particles
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Overview: ATLAS SUSY Studies

Focus on:

All studies for 1fb’

* mSUGRA (gravity-mediated, LSP=lightest neutralino) (-2 weeks @ 10* cm?s™)
* R-parity conserving = MET from stable/undetected LSP
* Few points in full simulation, complemented by

scan over SUSY parameter space in fast simulation

Strategy:

Searches and inclusive studies

Exclusive measurements

* Direct gaugino production: Tri-lepton
* Photonic & long-lived signatutes
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= Establish SUSY discovery:
initial discovery flavor-blind

= Measure properties,
derive parameters of model

= Specific signatures
= GMSB & Split-SUSY...
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Specific mMSUGRA Points considered

Signal o™ (pb) oY (ph) N
) o - p— focus point
SU1 8.15 10.86 200 K 1 [ug] e
b[]2 5 . 1 7 7 18 5{} I( ; | Fo)llrroegt’zg?ounglno SU6 3 generation
2 ‘ OV Oy - 3 y rapid annihilation
S[]'eg 2(].85 2 ( .()8 5(}{} I( _ E 11l my,. I-'_“’?‘.‘T funnel
SU4 204.46 402.19 200K | & 3747
SUG 4.47 607 30K 1] %
S[] 8 1 b _18 8, 70 5{} I( = l', z2 s, co—annihilation region
-_— -I ] 35 _> __ ‘I i :
: Charged LSP
m
SuUl SuU2 SuU3 Su4 Su6
Coannihilation point Focus point Bulk region Low mass point  Funnel point
Small ~I mass splitting Mainly ~g & ~chi production No special degeneracies In Runll reach Taus/b dominate
MO [GeV] 70 3550 100 200 320
M1/2 [GeV] 350 300 300 160 375
AO 0 0 -300 -400 0
Tangp 10 10 6 10 50
+ + + + +
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MSUGRA Signature

Production: max( —~g-—
g

* Dominantly strong '
* squark/gluino pair production min (

| i) ! - (high) Pt jet
d

l Pt jet

Decay/Topology: -
(depending on mass spectrum) E{”I' X jet
o Missing E_ i V i
: : 1 === lepton
» High p_jets (missing) \ "
° ngh pT Iep’rons Higg&}bb
Jets: Leptons: LSP = MET:
>2,3.4 0,1,2,3 missing transverse
> 50, 100, 150 GeV > 10, 20 GeV energy > 100 GeV

3. Generation:

tfaus
-jets

2N jets + M leptons + MET + taus/b-jets
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Typical SUSY Selection
=

2000F :_" 7 1 2000F 11 High SUSY mass scale:
: j = [ 1] many jets with high p.

(> 50-150 GeV)
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MET + 24 Jets + 0 Leptons

Best discriminating variables: Data-driven background determination

* MET
oI\/Ieff=Z P, + MET

jets, leptons

A%

Before selection After selection
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MET + Jets + 1 Lepton
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39 Generation

Important when 3™ generation sparticles prodcued abundantly (high tanp)
* improve S/B: requiring either tau or b-jet = in particular suppress QCD
* lower efficiency vs. higher purity/betfter understood backgrounds
staus decaying to taus %
* consider only hadronic taus (leptonic taus indistinguishable from e, ) e
* tfransverse mass cut Both have similar significance 10-200 :é
TT LI LI LI 1 LI LI 1 LI 1 | 1 1 TT 4 T TTT T TTT1 I TTTT1 I ' T T1 I T TTT | T TTT | T TTT1 I T T T1 —
a I | | | ] & ATLAS ~ Olwme] 3 5
: 10° = G e * [coannihilation §  ~ @) ] 0
A - Affocus | 1 210° W SM BG E o
E = O lbulk " g o i 3 %
> 12 Viowmes] o O, AW ] E
0 OLme] | 0 2 % :
. SUs.1 N B QCD ] P
i A — SMBG 1 10 * Diboson 3 B
10 777 ¥ E —o— E 2
- —f 3 i [a%
- B L. ."'4: ATLAS 3 == 4 5
w57 S & ] >
e 1 -9 E ] IS
: + -f- W - 3 10 = =
: 1. - =
- ——— | - / i ! e
I - T T T P I ] ||_()¢ .2III|IIII|Itt |$-|||||||||||||||||| 2
10" =500~ "7000 1500 2000 2500 3000 10705001000 1500 2000 2500 3000 3500 2000 2
1-lepton (e/M) Effective Mass [GeV] 1-tau Effective Mass [GeV] 2

9. June 2008: Flavour as a Window to NP @ the LHC - Tobias Golling — ATLAS NP Searches

n»r-»

pe
Q
@
®
@




sbottoms/stops: decaying to b-jets

* Light stops and sboffoms = rich in b-jets
* Lifetime b-tagging (eff = 60%, rejection = 100)

Both have similar significance 10-200

= |||||

i |_|-: I I i LI I I | I LI I LN | I LI I I i 'T 4_I 1 I I I 1 1 I I | I 1 1 I I I 1 1 I I I I 1 I I_
20 ] = =10 - \
: - hi * |coannihilation] 3 = E [coanninilation|
s F []: A [focws | 1 o [ ~- v
Q i ._.__O_"' @) ] % 3l O ]
S10E | of T Viowmesl 3§ 4 f - 0 [owrmess] 3
8 - . la o . - N —— o |funnel ]
S = s " SU8.1 ! - - —B i
0 .ol [/ te —sMBG | ek o o
SE ATLAS S s PR S PR
o [ i N _!-Ii-_ = | :
10 = 10 A_ _Y_ —4— 2
: : F | - ]
1 s s, E R | | _u-n' Ly . i =08 s #6713 g8 &1 E ==
0 500 1000 1500 2000 2500 3000 3500 4000 0 500 1000 1500 2000 2500
Effective Mass [Gev] Effective Mass [GeV]
O-lepton 2 2 b-jets

Light stop with many tops in final state (no preliminary results)
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Scans & Optimization

Evaluation of discovery reach in early ATLAS data

* Less model dependent discovery strategies - explore LHC signatures
> Scan over constrained models (points generated in SUSY parameter space)
MSUGRA w/ and w/o DM & other constraints, NUHM, GMSB, AMSB....

* FastSim, corrected to FullSim

* Optimisation: scan Meff cut to maximize
significance (corrected for multiple cuts)

* [Improved one-t reach for fang=50

Establish SUSY: need discovery in all channels
Comparable reach for mSUGRA, AMSB etc
(cross section driven by gluino/squark mass)

1000 -f« ‘-SP

4 ge'ts' Olle'pjro'n £

A TLAS —

. ernen 4 jets 1 lepton
n-'*“‘-"-‘-‘-“-'-" . d'SCWE_W == 4 jets 2 leptons OSH
- MSUGRA tanp =10 -“-I-"- 1-. et 3 leptons- o
8001 - \ -
600 -
__‘ - .'-'.; -
"té”:f' 0 \ L 1
400F- 5 |
- ,“'. -

{05 TeVg % h‘#.. R g
200 — sy t_”;l . !,\_: ol e u-ll_l. ) ' '_"“‘:;s'.af_
= - ?g‘l' ?‘“ I. . ’I \.n"'.‘"-“lll_mflt —.-..
:. .. ‘_‘-__.'..‘\u -.“JU;:)_ - -..‘--!. . NO EWSB il
0 S R BT |I |I I‘: iy f !!!!! . _.
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Qualitative Comparison with Tevatron
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La _ v g (2.0 TeV) \ s
I.:-@'_'-.:.- L e

e LETCUITTLL LUV N.g (1.5 Tev) . ATLAS: 50 discovery
¥ .0 TV, e Ty , : 2
E’ : T 4 D@: 20'exclusion

\ ." y
. "l'“."..,...nlllllllll...1 .1“- 1;1-L

T, 4

. III.II“I[‘: 'uﬁ. . L I'- T EE B L ..II -|1-i1'll.'.il|ﬂ|*‘. = j
= 5 TeV) 8 > | el B taen
- =N -;::‘-liilﬁ; {1 Ill-li"""l-*iI e 0-4

wekh NI E E

x -\..---\._. k.
5
-_ b W
it g s & *
o -

Opw# s &ma™ 1000 1500 2000 2500 3000
m, (GeV)

Phys. Lett. B 660 , 449 (2008)
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Exclusive Measurements

After discovery: Mass spectrum, model parameters

No mass peak reconstruction possible

* R-parity conservation: sparticles eventually decay into undetected LSP's

Instead: endpoints are measured In invariant
mass distributions of sparticle decay products

System of equations:

* Endpoint is function of masses of particles involved in decay
* often sparticle mass differences are mearsured
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Flavor Subtraction

Particulary promising: > Flavor subtraction:
BR~30% BR~10-20% signal: OSSF (opposite sign same flavor)
o ~0 ~07F 1= :
qr. — Xoq — X1 [Tl q BG is random flavor and cancels:
A * SUSY combinatorical BG
~0 = ~ol ° SM BG
2-body decay (SU3): ¥> — llig— 11} N(ete )+ BAN(u+ i) — BN(et uF)
3-body decay SU4): 79 — V11~ Iefﬁciency
(depending on model / mass spectrum) correction

Excess of OSSF over OSOF would be clear indication of NP!

One step further: Optimize cut selection by maximizing:
S = (N(OSSF) — N(OSOF))/\/N(OSSF) +N(OSOF)

maximize selection efficiency while suppressing SM and SUSY combinatorics
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Dilepton Edges

ks T T LI LI LI T T T T 1T 7T T T T LI LI T T ij ndf 40'11f45
_IQ 50_ I I I I - ‘T T T I LI I LI I LI I LI : T T T I
0 B ] o) - Prob 0.679
— [ — SU3 OSSF ] = 50 Endpoint 99.66 + 1.399
. - —— BKG OSSF - g C Norm.  -0.3882+ 0.02563
> ! e 1 SU3 OSOF - > 40F- i Smearing 2.273+ 1.339
8 A L B BKG OSOF . 8 - : =
+ .of : Flavor 5 ¢ i edge = 99.741.4 3
S~ __ H . __ " w0 E H ] E
2 Main SM BG: ttbar ' suptraction £ ,F frue value = 100.23
= N - c C .
< 20 ATLAS Y  r ATLAS 7
- - - 10__+ -
1 [ouk, 1] F :
L a 2= EEFEHFEH- I # Hrrs < - -10F; ! ! ! I | | | | ! _1_-
R T R g 0 20 40 60 80 100 120 140 160 180 200
0 20 40 60 80 100 120 140 160 180 200

m(ll) [GeV] m(ll) [GeV]
Triangle smeared with gaussian

2 edges if both sleptons lighter than X,

Add in the quark = 4 more lig endpoint measurements:

qr. — X294 — Xi ﬁliq
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S0 & ~0

¥, — Ht— yivTT

* enhanced wrt e & [ if large L-R-mixing and
272 mostly wino (stau often lightest slepton)

> obtain ¥ mass parameter

Events /8 GeV /18 fb’

e NO sharp edge due To v_

* Derive endpoint (EP) from calibration curve

tau polarisation: %" — 1%}
« sensitive to wino, bino & higgsino composition of ?(l
* Polarisation = shift in endpoint (largest systematics!)
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- Tau Signatures

SU1: coannihilation poin

Use charge subtraction: OS-SS

70F SUT, 18fb’
el e ® Reconstructed E
50 :_ ' ' ====Truth =
40 ' EP =70+8 3
ok 4 true value = 78 =
L ATLAS
20F | —
1of—§+ + =
0 50 100 — s 20
M. [GeV]
> A B SU -l ’ 5] fb_]
© 200 - LL —
S RR -
2 —LR

-'.-r dx10°

M(cz) [MeV]
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Light Stop Signature

Low mass SUSY model, e.g. SU4, has large BR for: § — f — jzlil‘b

tb invariant mass has upper kinematic endpoint:

M.FHH.T (If)) —

1/2
2 o 2 o) o) o) o)
m; + — % ((mg— —my —my) + /[ (mz — (mg; —me)*) (mg — (my, +mf)~))]

only consider decay: t — Wb — ggb

Low mass point, 0.2fb™

SU4 - B o, + Bgy

A L -
Selection: 3 | e et
* require exactly 2 b-jets I I AILAS |5 ok
« W and top mass window cuts G 1sf D
* \W sidebband subtraction to reject o o SU4-Bgy, +Bgy :
. . - — fit 5 par. ]
SUSY combinatorical BG : | B, 5
S .
RS $ o .
endpoint = 297+9
0 100 200 300 400 500 600 700 800 900 1000
frue value = 300 M(tb) (GeV)
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Extract Model Parameters

3250_—IA:|"LlA.IS | | % 40;_lAITL;I15':
=~ 35E- 0.0035
200 B 30F
K | 25F 0.0025
[ : 15E 0.0015
100 :
L 10
50 5 0.0005
0300 B0 20 20 ° 0000001000 2000 3000
M, , (GeV) A, (GeV)
. . Parameter lbulklvalue fitted value  exp. unc.  theo. + exp.
Input data: kinematic edges unc
sign(pt) = +1
tan B 6 14 4.6 -
* Scan of MSUGRA parameter space 100GeV  985GeV  £93GeV  £9.5GeV
o ; : M) 300GeV  317.7GeV  +69GeV  +7.8GeV
Pseudo experiments & fit i 0G4SO idseey o
sign(p) = -1
tan 13.9 128 -
Mo and Iv|1/2 much better My 104 GeV  £18 GeV -
constrained than A _, sign(u) ambiguity  #: SRSV LadCe¥ -
0 gn(k) guity Ao 489 GeV  +189 GeV -
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Long-Lived Heavy Particles

Meta-stable charged sleptons in GMSB, R-hadrons in Split-SUSY/stop-NLSP SUGRA:

muon-like signature, higher energy deposition, longer ToF (0.7 ns res.), charge-flip

Timing: ATLAS extends up to 20m from interaction point
= three separate bunch crossings co-exist in the detector at the same time
event fragments assembled using beam crossing ID (assuming speed of light)

Muon system triggers on slow particles:

* need Inner Detector data from previous BC (feasibility to be assessed)

* need muon data from next BC for complete reconstruction (possible)

Topology = challenge for trigger & reconstruction vs useful discovery observables

7 7 , . 7 i z 2 : i :
0.3 Stop masses: (GeV) ATLAS
300

0.3 Gluine masses: (GeV) - I - - . . l
D05,  e— 300 Chdrge fllps

0.25

Arbitrary units
Arbitrary units

0.2

015~ mimimim 0.15

0. 0.1

0.05

%GoPriod, P 1 TeV discovery reach with ~1 fo Ip° 1109, P
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FCNC - Rare Top Decays

* FCNC strongly suppressed in SM due to GIM mechanism
* SM contributions only at one-loop level = BR(t->gX, X=Z,y,g) < 10°"°
SUSY. multi-Higgs doublet models, exotic (vector-like) quarks:
FCNC contributions at tree level = predicted BR ~10* - 10°
(Tevatron searches limited by statistics, current BR limits ~ 10) N 1 ; T ;
T B = 05 CL.
d B oo
U = REGIONS
CL
t>qZ i i -
ttbar event selection: s mas 3 10 F amasqa) RS
. SM deCOy for one Top 0.45_ Slgnql Preliminary : %,ﬁ%%%%%ﬂ%ﬁﬁ%% .§§E§§E : (q=u only):
FCNC decay for other top 035 EEE . B
* consider only lepton decays of W, Z 0.3t A 3 g fﬂi/ . e COF
0.28 10 E M e
: F Reach Mﬁ P L RSdEs ZEUS
\ \ , \ 015; :Wli'h ;?:/,ﬂ% E . : (q=u only) -'
likelihood-based analysis with £ o[ 1000 % e R 300 )
invariant mass and transverse . o b S——
: NPT 107 107 107 107 10 1
momentum inputs phckuath BR(>qy)
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Ttbar Resonances

Large variety of models:

new resonances or gauge bosons strongly coupled to fop quark
= generic, model-independent search for narrow resonance: Z'-»>ttbar

* Simple cut-based lepton+jet ttbar selection
* W and top mass cuts

Degraded resolution & efficiency with invariant ttbar mass,
objects start overlapping = need modified selection for m > 2 TeV

10

= ol Luminosty=1tb" -} . T 10°F B L N , ,
R A e T TS T A MNMAME B ATLAs Preliminary 3 S0r dliscovery potential
= [ [ Luminosit; =100 b i i B . 1
% | e Luminosity = 300 fb” | é 10k ]
g g = E o 1 KK gluon large BR
[ ] into ttbar
1 ¢ e " 43 3 (flavor non-universality)
""" T, § E C A
,_i -1 I~ . .
L 1 0F e - KK discovery potential
2 E [ KK gon heory 1 up to 4 TeV with full
10.2....|....|....|....|....|....|....|....|....|. 10.gl....l....I....I....I....l |umiﬂOSi'|'y
700 800 900 1000 1100 1200 1300 1400 1500 500 1000 1500 2000 2500 3000
Mass [GeV/c’] Mass [GeV/c?]

9. June 2008: Flavour as a Window to NP @ the LHC - Tobias Golling — ATLAS NP Searches @ Page 25




Dilepton Resonances

Many models, all give very similar signature: A

narrow resonance with natural width~1% of mass & [ ATH49 21fo!
£ 1t E
T

Irreducibal dominant BG: Drell-Yan 5 B

jet rejection = 10

107 E
1TeV 2TeV 3TeV ]
] 0 Ifb-.I 10_"" —/’; D Scovery pOTe ﬂjg{(__ 10'2 E_ ——— 1TeV Zy - Parameterization | ‘ ‘
o PR = T L
'Ifb'] “;-1 =Z'SSM l//’)/’/q/ v by b b beve bevna benn by B b o i b o
b e 500 600 700 800 900 1000 1100 1200 1300 1400 1500
% //\/// // M [GEV]
‘Hi7 7 for 1 TeV Z' - complementarity of e and u:
100 pb™ 7o ATERS * 5% lepton charge mis-identification
A A C '
- Electrons: larger jet fakes, jet-e overlaps,
1 o .
e (S PSS S P 1% dielectron mass resolution
Mass [GeV]

Muons: higher efficiency & purity,

ultimate reach with 300 fb: 5-6 ey~ Misalignment dominant systematic,
5-10% dimuon mass resolution
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Dilepton-Jets Final States w/o MET

2 models considered: q

* Leptoquarks (with 3 generations) "

* Left-Right Symmetric Models with \ ) LQ |
new infermediate vector bosons and Majorana neutrinos 2

Dominant backgrounds: g LQ !

ttoar, Z+jets, QCD multijet production, diboson production | 1
=eorp

High-mass objects:

- Q Z _ Require high pT & high scalar sum pT of leptons/jets
e A { or ¢
Sl LQ: lg combination which gives smallest
AW mass difference between two LQ's
e n Ng q
| L L v LRSM: lgg combination which gives smallest
WR ‘tWOJetS Majorana mass (99% correct for W S>>ND.
a,\ > For W > ~2 N e-jet objects overlap = use only jets

> FuTure imorovemen’r: same sign dileptons
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Dilepton-Jets w/o MET Resulis

2nd generation shown, similar for 1

™ | T RERRN EARAR RERRN EARER RRREN N | T
L - - |
L« ATLAS : : ATLAS -
550-600 GeV discovery reach with a mewosye 3 o8 L g s G
" . ° g— 10 — Drel-Yan 4 g— 20_— — Drell-Yan .
100 pb™ assuming 100% BR(LQ-~>Iq) < "¢ Lo 3 2 F ]
Leptoquark mass | Expected luminosity needed for a 5o discovery |2 1 0:_ N »
Ist gen. | 2nd gen. % ij = % E ]
300 GeV 2.8 ph™* L6 ph™* ~ I ~ 10 ]
7] W
100 GeV 118 ph T TTph T £ ' g I ]
600 GeV 123 pb% 103 pbil 2 "‘ o 5F ]
800 GeV 1094 ph! 664 pbT 107E r - .
_IIIIIIIIIIIIIIIIIIII||I:“!Léi“;r-!“l*"l.ili: L --I-1,.,=mﬁ:hmﬂﬁm N
0 100 200 300 400 500 600 700 800 00 100 200 300 400 500 600 700 800
100 T T T T | T T T T | T T T T Mu [Gev] Mlj [GeV]

:AT"'ASA—LRSMJB_}(withsyst.unc.) MR SR R M ET FYT T I7 EF T E Ty

A — LRSM_18_3 (without syst. unc.) B | ¢ —LRSM_18_3 |] o [ ¢ —LRSM_18_3 |]

I B - LRSM_15_5 (with syst. unc.) 8 = 8 =

750 O - LRSM_15_5 (without syst. unc.) |_ 2 ¢ - O -Drel=Yan |4 2 - O -Drell=Yan |

i E A - VB pairs 3 E F A - VB pairs 3

| | g [ ' ] 8 & ]

_ / / _ - ey ATLAS ] i ATLAS ]

g ' i E g 0'E E

- ),(4’((“‘(‘4' ! # E F :

>0 A : < ] r ]

Significance (dimuon channel)

- i ' oL
_] 100 350 600 850 1100 100 i 35 i B U 30 1100
40P | N, mass
e Before selection >  After selection
0 100 200 300

w to NP @ the LHC - Tobias Golling — ATLAS NP Searches

Integrated pp luminosity (pb™)



Broad range of ATLAS searches for New Physics
with realistic detector description confirming TDR results

Left out many NP searches: GMSB photon searches,
sfopped R-hadrons, black holes, W', technihadrons,...

* model-independent searches
e complemented by detailed studies of specific models

* use flavor fo enhance S/B
* understand flavor content of New Physics

= Eagerly awaiting first datal
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Trigger (Online Event Selection System)

* 40 MHz collision rate
* 200 Hz written to storage, given technology and budget

Multi-level system:
e |evel 1: calorimeter and muon system, hardware-based (40 MHz - 40 kHz)
* High-Level Trigger: fast reconstruction (40 kHz » 200 Hz)

At design luminosity:
e 25 interactions / per bunch crossing
e collect 36 pb / hour

____—» Lost forever !!!

REJECTED

ACCEPTED
B Kept for offline analysis

Trigger = f ( detector performance, physics, physics program )

ATLAS defines the physics program: optimise trigger for all possible NP signatures
“Easy” since high mass objects = trigger on:
* high-pT jets
* high-pT leptons
¢ MET (commissioning!)
== f 9 june 2008: Flavour as a Window fo NP @ the LHC — Tobias Golling — ATLAS NP Searches




Full simulation for SUSY:

* Background (generated with filter cuts on leading jets and missing ET):
> MC@NLO for ttbar
> Alpgen for W+jets, Z+jets
> Pythia for QCD (J4-J8)

* Signal: Isgjet & Herwig
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Signal Points in more Detail

"SU1 S
g L

*SU2 107 -

i 1 ~h  ~q -l ~g ~x, ~a, -,

B S A T

_____Small ~l mass splittina___Mainlv ~a & ~chi production _No special deaeneracies _In Runll reach _Taus dominate
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*SUB :
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Coannihilation point Focus point Bulk region Low mass point  Funnel point
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Data-driven Background Determination

T 10°E T e B i i DB =

Z->vv fromZ->ll * 1fo!| « zow :

% 10:— * Zsee+ZoeX

- © o

Main idea: i I

Select Z~»1l and replace charged 1 E

leptons by neutrinos E :

Corrections applied to Z-I: 10°E E
* Fiducial In| correction (from MC) :

* Kinematics correction 102E :

/ selection cuts (from MC) . -2('30' ' '4(')0' e gD '10'(50

* Lepton ID efficiency (from data) Missing ET [GeV]

13%(stat.) @1fb"

Method limited by statistics: 8%(sys.)
15%(total)

o small Br(Z=>I)/Br(Z=»>vv) ~ 1/6, other inefficiencies
= ﬂ’r’nng / extrapolation / MC shape
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MET + Jets + 2 Leptons

Opposite sign:
* Flavor subtraction:
excess of OSSF over OSOF would be clear indication of NP!

Sample | Fpcut | Leadingjetcut | Nggp Nor | Significance

SUI 220 GeV 100 GeV 90.69 | 58.53 2.63
SU2 140 GeV 100 GeV 31.64 | 29.95 0.22
SU3 | 160GeV | 160GeV | 9375 | 3858 | 4s0 |
SU4 120 GeV 100 GeV 39245 1 281.55 4.27 % -y e 4
HEE v ATLAS v
Q - - tt+jels -
s -5 SUSY SU3 i
- B sUsYsU2 -
10E ? CP_' ¥ SUSYSU4 __
E '1.}' i + & SUSY SUf :
[ B * ._¥_. A\ susy sus -

: +
;

-
IIIII|

O i 1 1 1 1 1 1 1 1 1 1 1 1 I 1 1 | 1
Same sign: (gluino is self-conjugate Majorana) 10400 200 300 400 500 600 700
* low statistics, very clean . (GeV)
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3 Leptons

2 complementary approaches
to cover wide range of scenarios:

Jet + 3 leptons: higher statistical significance

MET + 3 leptons:

* direct gaugino production (focus point)
lepton isolafion  fakes from heavy quarks

:_9 o I

o [ ATLAS 7

T3 Dibosons

T

o r H — inclusive SUSY

w i m— e direct gaugino
10°E E

* / Mass window
* flavour subtfraction

50 100 150 200 250 300
Msros [GeV]

Events/10 fb!

.

Dibosons

o == direct gaugino

inclusive SUSY

SU2

50

I B
100
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Scans & Optimization

< © 1 wldied gjet'o lep with Meff 2000 cut

© 1000F%-5P e 4j@t 0 lep with Meff 1600 cut —

Q) RS s 4101 0 lep with Meff 1200 cut

= i S wiecniae 4iet 0 lep with Meff 800 cut |

o # - 4jet 0lep with Meff 400 cut |

E" a00ks djet 0 lep =

Large Meff

:__ ’ ;;,,-,. 29 _:

olog A Y T I

g %, | Medium Meff :

400f=" ™ i

Y Small meff |-

Other cut optimization: L o

* Define FoM, e.g. “number of SUSY N | e ; NOEWSS |
points that can be discovered at % 500 1000 1500 2000 2500 3000

5 sigma” m, (GeV)

* Maximize FoM, on various grids,
for a single and for multiple analyses
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Leptons+Jets Edges

Same decay chain: =4 endpoints = 4 equations
BR~30% BR=~10-20%

m}: smaller
lg combination with

qL e XZ q e XU|Z:Fl:|: min. larger 2 hardest jets

My, -

m = min(m. ,m.
la(low) ( I q Iq)
= MAaxim. ,Mm.
. IqChigh) ax( e Iq)
Use flavor subtraction
™ T 1 T T T T T T T 1 T T T xz }" ndf 3.593 }{ 9 2 T T T T T T 1T T T T T T T T T T T T T X2 l{ ndf 4.783 l{ 6
e - ' e Endp. 3431+ 12.2 e b, Endp. 319.8+ 8.1
o 80[ : Slope  -0.6258 +0.1294 i U Slope  -0.5903 + 0.0808
2 i ; bek_po 22.44 + 11.04 o );
= - ; bck p1 -0.0447 + 0.0252 > 80 .-
8 60— : — v §
O L i 4 @) -
o = H = o T
Dy . : ATLAS - N 60 ATLAS =
g 4o 1 8 :
£ [ : 1 £ 40 =
" ook + = = 1] A
B ] 20 SU4, O5fb _
- . . s
O_ . i 0 ]
_| L1 il B A A N I R i rao lrrv v bwv v v v v v by wy |_ L1 A S T N TN TN T W TN T N TN W TN T NN T U Y W (NN TN N A W N
0 100 200 300 400 500 600 700 800 0 100 200 300 400 500 600 700 800
m(llq) [GeV] m(lq) [GeV]
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Stransverse Mass Endpoint

m_: stransverse mass defined for events with 2 undetectable decay products,
applied to Grdr events where: ~ o
qr — X194

upper kinematical endpoint = mass of the decaying particle (‘é|R in this case)

endpoint = 591+15 endpoint = 407+12
g, mass = 637 g, mass = 405
aU3 +« B ald + B
_:E_ 25 [T I I ||1tegra| S e _;_g a5 TTTTTTTTTTT Integral Sh e
= 5 +2 ! ndf 1756/5 | o 42/ ndf 5.608 /5
= ~ A 52.1+ 7.0 g A 67.84 + 11.00
2 20~ 7 so13+130 | = 20F | pm 406.5 + 11.6
g E 0 5 ]
15 e SU3 + By, = o 15F e SU4+ By, —
= e £ - = w— ] -
I EABsy i g EA By 5
10f- g 10~ g
- ATLAS - - ATLAS -
5_ 5_
L '| i L _'I i
- SU3, 1fb' |1 - SU4, 0.5fb |-
06500 300400 00 B06- 008005007000 O0="900 200 300 400 500 600 700 800 900 1000
My, [GeV] My, [GeV]
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Higgs Signature

Search of lightest CP-even higgs boson in: 75 — %{h

Thanks to MET signature:
dominant decay channel h->bb

can be used
(otherwise swamped by QCD)

Complementary to Higgs
to dilepton search: 70— FOrt-

Events (1/8 GeV/10 fb™)

14 sigma significance

(0]
o

T

e Signal
wee Gomb BG

----- Susy BG
B bb
W
1z

B it

— Gauss+Pol2

IIIIIIII|IIII|IIII|IIII|IIII|IIII|IIIII_I

150 200 250 300 350 400

My, (GeV)
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Long-Lived Heavy Particles
Stable charged sleptons in GMSB:

* high tanp, slepton is NLSP, couples weakly to gravitino (LSP) = long-lived, g < 1
* muon-like signature with higher energy deposition and longer time of flight
» excellent muon time resolution (0.7 ns) = mass measurement for slow particles

Stable R-hadrons in Split-SUSY/gravitino LSP scenario in SUGRA:

* signature similar to stable sleptons with additional multiple nuclear interactions
* possible charge flip, or neutral in Inner Detector

* phenomenology fully determined by stable sparticle masses

* signature ~independent of energy loss and scattering model

* analysis sensifive to generic search for stable heavy exotic hadrons

Split-SUSY:
* gauginos, higgsinos ~ weak scale
* squarks ~ GUT scale = meta-stable gluino forms bound state (R-hadron)

gravitino LSP, stop NLSP in SUGRA:
* meta-stable stop forms bound state (R-hadron)
* R-hadrons with masses below 1 TeV discoverable with ~1 fo
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Many models with preferred coupling to 3" generation

Dilepton Resonances with Taus

* "hadron-lepton” final states considered here
* much larger reducible backgrounds, much lower selection efficiency

=
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Vis mass |h channel

Visible Mass gey = 000 GeV Z'=>1t with Sequential SM cross section
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