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The Large Hadron Collider (LHC)

® pp collisions at Vs =7 TeV

m | HC has performed extremely well
in 2011:

- 3.65 10" /cm‘/s peak luminosity
- 5.25 fb" delivered

= 50 ns bunch spacing

m ~ 12 collisions / crossing during
last months of data-taking
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The ATLAS Detector
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The ATLAS Detector

Already close to nominal performance!

Toroids B.dl ~1-7 T.m
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Outline (extended)

‘Standard particl fos

sl “FeSupersymmetry (with MET) 4" generation and

-~ Monojet + MET -t
- Lepton(s) + MET ~ b
5 Tau's + MET - Vector-like quarks

} ] - Leptoquarks
- 3" generation

- Photon(s) + MET _ _
) Long-lived particles
fl=Heavy Resonances ~ Displaced vertices

~ Dilepton, Dijet, top-antitop . pjsappearing track

- W', Diphoton, Photon-Jet - Slow particles

- Doubly-charged Higgs - Qut-of-time decays

- Heavy neutrinos TeV-gravity

- Dibosons - Black-holes

-~ EXxcited leptons - monojets, monophotons
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Outline

§° _“3eSupersymmetry (with MET) 4" generation and

Ay
@) @

- - Jets + MET heavy “quarks”
- 3" generation -
> b
fi={Heavy Resonances Long-lived particles
- Dilepton ~ Displaced vertices e
- Dijet - Disappearing track .

- Top-Antitop
This is my own selection of some of the most recent topics.

Not enough time to show you everything.
For more: https://twiki.cern.ch/twiki/bin/view/AtlasPublic

H. Bachacou, CEA-Saclay / CERN LBNL, 22/03/2012 6



Why look “beyond” the Standard Model?

= The Standard Model is a (very) effective Q

theory that breaks down at a certain scale :

- Hierarchy: quadratic divergence of the Higgs
mass, extremely fine-tuned

- What is the underlying nature of EWSB?
m Dark Matter

- cannot be explained by SM To0AY

® Neutrinos have mass
- where are the right-handed neutrinos?

® BSM models attempt to solve the SM i
limitations ~

Dark
Energy
72%

Neutrinos : Dark
10% : Matter

A 63%

13.7 BILLION YEARS AGO
(Universe 380,000 years old)
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A very long list of models x signatures

m Many extensions of the SM have been

developed over the past decades

/

m Supersymmetry <~
NS

m Extra-Dimensions A\\-
m Technicolor(s)
m Little Higgs Y

a GUT \
Hidden Valle \

m 4" generation (t', b")
m LRSM, heavy neutrino
m efc...

(for illustration only)

AN
DN
No Higgs ;\‘ ] \
: | 8 \\

1jet+ MET

jets + MET

1 lepton + MET
Same-sign di-lepton
Dilepton resonance
Diphoton resonance
Diphoton + MET
Multileptons

Lepton-jet resonance
Lepton-photon resonance
Gamma-jet resonance
Diboson resonance
Z+MET

W/Z+Gamma resonance
Top-antitop resonance
Slow-moving particles
Long-lived particles
Top-antitop production
Lepton-Jets
Microscopic blackholes
Dijet resonance

etc...

H. Bachacou, CEA-Saclay / CERN

LBNL, 22/03/2012



A very long list of models x signatures

Many extensions of the SM have bee
developed over the past S:
Supersymmetry” t N

Extra-Dimensions
Technicolor(s
Little Higgs .«
No Higgs “&
GUT
Hidden Valleyg,
Leptoquarks
Compositeness
4™ generation (t', b')
LRSM, heavy neutrino '/
etc...

(for illustration only)

1jet+ MET

jets + MET

1 lepton + MET
Same-sign di-lepton
Dilepton resonance
Diphoton resonance
Diphoton + MET
Multileptons

Lepton-jet resonance
Lepton-photon resonance
Gamma-jet resonance
Diboson resonance
Z+MET

W/Z+Gamma resonance
Top-antitop resonance
Slow-moving particles
Long-lived particles
Top-antitop production
Lepton-Jets
Microscopic blackholes
Dijet resonance

etc...

A complex 2D
problem

Experimentally,
a signature
standpoint
makes a lot of
sense:

- Practical

- Less model-
dependent

- |mportant to
cover every
possible
signature
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‘Standard particl fos

Outline

- = Jets + MET
- 3" generation

fi={Heavy Resonances

- Dilepton
- Dijet
- Top-Antitop

L _“3eSupersymmetry (with MET) 4" generation and

Ay
@) @

heavy “quarks”
-
- b'

Long-lived particles
- Displaced vertices

- Disappearing track -
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Supersymmetry (with Missing Transverse Energy)

. . q
Cascade ending with LSP 4 Nee |
— large MET > g A g -
1 Jets+MET: Gluino and Squark /./ /.
production dominates F LSP
. escapes
2 Leptons(+jets)+MET: lower detection
branching ratio/cross-section but
complementary M | T
- o,,[pb]: pp — SUSY V8 =7TeV _
3 3" generation (b or t)+MET: L \ |
- in cascade _ -
- direct production requires > 1 fb! ——— = \
several new results with 2 fb’ . | >
4 Photon(s)+MET: GMSB models
i -300 200 300 400 500 600/'2(11‘ :700 800 900
M, e [GEV]
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SUSY: Jets + Missing E+

® “Workhorse” analysis of SUSY+MET searches
m Select events with 2 to 6 jets

® Veto leptons and events with > 6 jets (left to dedicated high-
multiplicity analysis)

®m Trigger: Jet 75 + MET 55
£ > 98% above turn-on

®m Discriminant variables:
- H; =sum of jet p; (including jets with p,>40 GeV and |n| < 2.8)

- Mg = H; + Missing E;

m Optimize cut on mg and Missing ET for each jet multiplicity
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above trigger

/ turn-on

) Channel /
Requirement
A A B [ D E

(| EXS[GeV] > 160

pr(j1) [GeV] > vy
60

pr(j2) [GeV] >

< | P [Gevl > - - 60 60 60 60
Jetpr rr(Jjs) [GeV] > - - - 60 60 60
prjs) [GeV] > - - - - 40 40
\| Prljs) [GeV] > - - - - - 40
| Ad(jet, E™)pin > 0.4 (i = {1.2,(3)}) 0.4 (i = {1,2,3}). 0.2 (pr > 40 GeV jets)
Er-:-crlmss E™S o (N j) > 03(2) | 042 |025@G) | 0.254)) 0.2 (5§) 0.15 (6))
me(incl.) [GeV] > | 1900/1400/- | ~/1200/~ | 1900/~/~ | 1500/1200/900 | 1500/~/~ | 1400/1200/900
Meft — —
'
2 jets 3 4 5 6
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m | ow jet-multiplicity:

e > f o £'L;t':;.%f'b-1' B
SenS|t|Ve tO Squal‘k (g 1045— 2JetS LS;}athor Ns=7TeV)
production = f o 1 and single top :

@ 10°E 0 Wijets E
= - Il Diboson 3
= ] multijet
L e Y el | e SSUs00sT000)
m High jet-multiplicity: = ATLAS Prominey
sensitive to gluino 10F
production L
o T R
= .
N i 15 |
> < 05E e Y
q qx | = 0 500 1000 1500 2000 2500 3000

my;(incl.) [GeV]

~ ~ 4 m_, = H; + Missing E
g % qq%l ff T T

H. Bachacou, CEA-Saclay / CERN LBNL, 22/03/2012 14



m | ow jet-multiplicity:

sensitive to squark
production

®m High jet-multiplicity:

sensitive to gluino
production

qg—qx)
g—qqy)

my;(incl.) [GeV]
m., = H, + Missing E;

>104E—|\\\ L B B |\\||||||1|‘\\|||—E
o) = : Ldt=4.7fb .
O C 3 Jets [ T!;ata 2011 Ns =7 TeV)
8 3 —— SM Total
= 10°¢ 1t and single top 3
~ c Bl Z+jets -
8 I Wijets
= B ‘ L Il Diboson .
S 102k i ] multijet |
w E i < F SM+SU(500,570,0,10) 3
U SM+SU(2500,270,0,10)
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m | ow jet-multiplicity:

sensitive to squark
production

m High jet-multiplicity:

sensitive to gluino
production

qd—qx)
g—qq})

Entries / 100 GeV

10°E
10% m P I Wjets

105—

ata 2011 N's = 7 TeV)
- —— SM Total

1t and single top
Bl Z+jets

B Diboson

] multijet

..... SM+SU(500,570,0,10)
......... SM+SU(2500,270,0,10)

III|"'|!;I B
4 JetS . Ldt=4.7fb E

ATLAS Preliminary —

DATA / SM

my;(incl.) [GeV]
m., = H, + Missing E;
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sensitive to squark
production

m High jet-multiplicity:

sensitive to gluino
production

qd—qx)
g—qq})

m | ow jet-multiplicity:

> T T T T | T T T T | T T T T | T T T 1I ‘ T T T T | 3
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m | ow jet-multiplicity:

sensitive to squark
production

m High jet-multiplicity:

sensitive to gluino
production

qd—qx)
g—qq})

Entries / 100 GeV

10

III|"'|!;I B
6 JetS . Ldt=4.7fb

ata 2011 N's = 7 TeV)

—— SM Total =

1t and single top
Bl Z+jets
0 W+ijets
Il Diboson
] multijet
:: === SM+SU(500,570,0,10)
Lpe - SM+SU(2500,270,0,10)

ATLAS Preliminary
18 SRE

DATA/ SM
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m Simplified model: m(squark) > 1.4 TeV, m(gluino) > 940 GeV
B CMSSM: m(squark) = m(gluino) > 1.4 TeV

Limit on simplified model: Limit on MSUGRA/CMSSM model:

~0

Squark-gluino-neutralino model, m(y) = 0 GeV MSUGRA/CMSSM: tanf =10, A =0, u>0
;‘2000_| 1 I} | IEI T =‘| I;..I LI | I\I T I |1| T L | L I_ ; L | L I‘\l LI I [ I I |0 s .
© E |l . ATLAS Preliminary ] o \ ATLAS Preliminary
S B I | Combined ] 9,700 e [Ldt=4.7110" \s=7 Tev
% 1800 |I— : | memmm CL observed 95% C.L. limit — « ‘\ - ]
© B “L==. CL, median expected limit £ . Combined
& B . i \ CL, observed 95% C.L. limit
e B e Expected limit 16 ] 600 \
© 1600 [~ . [[J-ATLAS EPS 2011 — - - CL, median expected limit
1 500 8‘ nnnn :lllllll ||:\‘||||||||.'I'1.|||||||\|yh||~|~ﬂ{|||||’~|.;"|‘H"||I j Ld\t ;-47'?1'](514.,!,5:7 TEV; %\\'\ |:| ATLAS EPS 2011
0 = \ NN Ggysy = 11D =2 _
- . 500 - . zLsp
1400 L el T R N
N T i T e f N S [ | LEP Chargino
N e - B Vo Ewss
1200 [ e 400 | ;
1 075 ......... Franansnnnssnanns E - T
1000 [ =
Iy = 300 |-
N - d i :
- applies to ST . [ L N
800 i b pp : § Gsu;v;-iOGfE : ;\\7\\ - \T“ LN
- 0 <m,gi< 200 GeV ] 200 - % \
B N Ls H : ] B \ |
600_' R I\I‘\+'T§T-LI [ S-S BN AR 11 |\\| ol v b b Ly
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= " glui GeV
‘ 1075 15@umo mass [GeV] m, [GeV] ‘
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SUSY with MET: Summary

m Several other analyses

updated with 5 fb" for g7
Moriond 2012: E

®m High jet multiplicity 6-9 jets 500
= 1 lepton (e or y) + jets

400

MSUGRA/CMSSM: tanf = 10, A =0, u>0 L" =47 b

_|III|IIII|-.._.IIII|I._lII

— ATLAS Preliminary

CL; 95% C.L. limits

b

I8
e “'| 0-lepton, = 2-6 jets Observed _|
P | ATLAS-CONF-2012-033 EXPECtEd -
= 0-lepton, = 6-9 jets — Observed —
F ATLAS-CONF-2012-037 ——— EXPECth ]
L _. 1-lepton, = 3,4 jets = Observed ]
— ATLAS-CONF-2012-041 - EXDE"CT.Ed _
S [ LEP2%

L [ ] Stau LSP

“

I Theoretically excluded

|IIII.I|III

|II'__I'I|I:II|Jh

300
200 -
1UU_III|IIIl_l-_ll_l_.illll|llllll
500 1000 1500 2000 2500 3000 3500
m, [GeV]
H. Bachacou, CEA-Saclay / CERN LBNL, 22/03/2012 20



SUSY: a lighter 3" generation?

m SUSY solves Higgs fine-tuning Q
only if 3" generation is “light” -
- Other gen. can be heavier Y }f

m \What if 3" generation lighter
than others?

b t
m | ook specifically for g ng/ g Qﬂﬂﬂ/
61"‘\, 1 ”‘~.,,~

stop and sbottom

b b t(b)
® Mostly through v X 6)

3

through gluino decays

enhanced . .
direct production
heavy flavour b t(b)
- < - <
XS X3 0¢)
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SUSY: a lighter 3" generation?

m SUSY solves Higgs fine-tuning Q
only if 3" generation is “light” -
- Other gen. can be heavier Y }f

m \What if 3" generation lighter
than others?

b t
® | ook specifically for @ QQ!LQ/ g wg/
61"‘\, 3 K‘"’

stop and sbottom

b b t(b)
® Mostly through V X 6%2)

3

through gluino decays

enhanced . .
direct production
heavy flavour b t(b)
- < - <
X3 X3 0¢2)
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SUSY: Direct Sbottom Production

m 2 Db-jets + Missing ET ~
m Use “contransverse mass’: ~n
2 2 x1
mct = \/ [Er(b1) + Er(b2)]” — [pr(b1) — pr(bs2)] ‘
mg — m?(-,g
® Endpoint at: for ttbar ~ 135 GeV, for sbottom: =
> R T T T T T T T O e e mg
& - ATLAS + e Data 2011
% sob JLdt-E-US o' Ns = 7 TeV I %:ﬁﬁif :
£ [ 2detexclusive 1 : B z-hi ]
5 i > for (300,100): T [ Others
30 e endpoint T ----b300,%° 100 GeV
. ST P ~266GeV | ]
201 & T ;
| I
101 i T ]
[ % T
B H00 200 500 400100 200 300 400 00
M. [GeV] E; [GeV
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SUSY: Direct Sbottom Production

®m Four thresholds to be sensitive over the -
entire (m(sbottom) ; m(neutralino)) plane b

= m(sbottom) > 400 GeV for light neutralino X3

— LT r T T I T T T I~ | T T T T I T T T T T T T T I T I. I. T T T T I_

% 350 — b,-b, production, b, b+i$ aZLS Observed L.Im.lt (915% C.L)-

g - e CL_ Expected Limit (95% C.L.) .

Expected S - CL, Expected Limit +1c -

: - 300 — T ]
Signal Region g K Data E - B COF 2.65 b "} + 10 NLO scale unc. -
& - D05.2 b -

250 [— Eoos. - ATLAS =

- S\ _ -

mer >0 GeV 94 + 16 96 . RS [rot-zosins-7ev
200 — P L

- ok ’ f

o e C - Tt e 7]
mct > 100 GeV 62413 56 150 |- ol R RERIY 4
mer>150 GeV | 27 +8 28 100 B L]
» By E

mct > 200 GeV 8.1+£35 10 50 T
Lvv v by vy | | F | -

1 ]
0 1 1°8 ) )
100 150 200 250 300 350 400 \c} 0

[Ge

arxiv 1112.3832, submitted to PRL &,
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Supersymmetry: Summary

m SUSY CMSSM is starting to be fine-tuned

- Of course we will continue looking and increasing our reach

m With 5 fb’, more SUSY prod. mechanisms open up —
exclusive chargino/neutralino and 3" generation production

® Focusing more and more on non-CMSSM scenarii:
“Split”, “squashed”, R-parity violation
More exotic signatures:
- SUSY with low Missing ET

- Multi-jet resonances
- Long-Lived Particles (R-hadrons, staus)
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Outline

‘Standard particl fos

L _“3eSupersymmetry (with MET) 4" generation and

L Jets + MET heavy “quarks”
- 3" generation -
- b
WWi==il-cavy Resonances Long-lived particles
| - Dilepton ~ Displaced vertices %
- Dijet - Disappearing track .

- Top-Antitop
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Search for Heavy Resonance

® Predicted by numerous extensions of the Standard Model:
- GUT-inspired theories, Little Higgs — heavy gauge boson(s) Z' (W')
- Technicolor — narrow technihadrons
- Randall-Sundrum ED — Kaluza-Klein graviton

m Experimental challenge: understand detector performance
(resolution, efficiency) for a signal with (almost) no control
sample at very high momentum — Confldence In allgnment

simulation, etc...

® Electrons and muons:

reaching pT ~ 1 TeV!

e Data 2011
ATLAS Ow/s00)

d"’ﬂ. W' — uv CJW'(1000)
&

\s=7TeV [Jw(2000)
— -1 w

[Ldt=1.041b =

W ttbar

[[] Diboson
QCD

Events

10° 10°
pi [GeV]

H. Bachacou, CEA-Saclay / CERN
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Search for Heavy Resonance: dilepton channel

0 10’ T
H D|mu0n Channel L% 108 ATLAS Prehmmaryr ég%a2011
: " 10° ILdt:S.be =
® Alignment critical 10° ey 50c mutie
. . 10° \s=171le CIZ(1500 GeV)
- Now close to nominal (30 ym) in o 5972000 GeV)

most of the detector 10
- Resolution 13% at py =1 TeV 1
10"
m Require 3-station tracks for 0 T |
good resolution — loss of %7 oo 200 300 1000 2000

m(p*y) [GeV]

acceptance - v —EE--chambers-missing
~ Now also using 2-station tracks z = f’“s / o
. . S 18- [ Ldt=1.211"
iIn well-understood regions SERL SNV

14

- This Winter: installation of 75% *

of missing EEL's completed %

4F
2

[T
IIIII|III|III‘HllllllIII|III|III|III|II\|

-3 -2

J pseud%japldltyi
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Ew:ni Number: 26669226
Date: 2011-10-13, 23:34:58 CET

=

 Electron:black
 CelkdTiles, EMC
= &

© m(up) =1.25TeV
- missing ET = 67 GeV

Y
y
A

Persinit



Search for Heavy Resonance: dilepton channel

n 107 - ————— .
® Dielectron channel S 10f ATLAS Preliminary o2 01
L 5 [ Diboson
: 10 Ldt=4.9fb" Wi
m Excellent resolution: < 2% at 10 L_?Tev hvers
. a - (1Z'(1500 GeV)
high momentum - 537 (2000 eV

®m Poor charge measurement — 10
no charge requirement in the
dielectron channel 102

Ll | 1 1 1 1 1 1 i1 I
100 200 300 1000 2000

m(ee) [GeV]
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Search for Heavy Resonance: dilepton channel

® No deviation from SM is observed
®m Sequential SM: m(Z') > 2.21 TeV (exp. 2.26 TeV)
RS graviton (k/M, = 0.1): m(G) > 2.16 TeV

= | r-~+~r 111 3
5 - .
= 10ESSMZ E
& f :

1 E‘ E
107 E
107 E
107 ? —e— ATLAS Preliminary (pu 5.0 fb " ee 491b") _|

S ATLAS (up 1.21 fb ' ee 1.08 b )
10 - —*— CDF (uu 4.6 o)
z | —a— DO (ee 5.4 b |
T 1 1 | A N I N N NN S S N I S N S — — I 1 1 1 1 I 1 1 1 1
0.5 1 1.5 2 2.5 3
m,. [TeV]
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Search for Heavy Resonance: Dijet Resonance

: Probing the quark structure
m Excited quarks, strong beyom? 4 Te?,

gravity, contact interaction

LN I B B B I
\s=7TeV, | Ldt = 4.8 b’

wn

c | 5
®m | ook for resonance above ¢ 10 D

A e Data

phenomenological fit of the — 10 — Fit
. -6- (*(1300)
data: 10° A (*(2000)
- (%(3250)

f(x) = D (1 _x)szP3+P4lnxm

XEmjj/\/E 1

—
o
T

ATLAS-CONF-2012-038

10
S IATLAS Prellmlnary o
8 N [~ [
c 2F
S o
E 2__ —]
.9 | N | I | N | PR T | N | N | - | | N | I | N | N | I I:
«» 1 OOO 2000 3000 4000

Reconstructed m, [GeV]
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Search for Heavy Resonance: Dijet Resonance

m “Search phase”™ frequentist

approach 3103§| e
- Binned likelihood (goodness of g ——=q
“‘; 102 —e— Observed 95% CL upper I|m|t
flt) é - \\ ---------------------- Expected 95% CL upper limit 3
“BumpHunter” looking for an oL\ 68% and 95% bands _:
excess of any width over the AN .
. - \ —
entire spectrum TE N ATLAS Preliminary =
® “Limit phase”: Bayesian F D AN JLar=asit
- 10 F ' E
approach (flat cross-section 0 :
prior) 102E i
= Excited quark: 10-:|....|..|..|
1000 2000 3000 4000
m > 3.35 TeV at 95% CL

Mass [GeV]
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Search for Heavy Resonance: Dijet

SATLAS 7

7 EXPERIMENT I—
Number: 1792938, Event Number: 12054480

C

b -

R

m(jet-jet) = 4.0 TeV Missing E; = 100 GeV
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Search for Heavy Resonance: Dijet Angular

® Most BSM signal are expected to be more central than QCD
®m Study angular variable as a function of dijet mass
m Consider the two leading jets

NOSS T T T T T T T
C oy : © " ATLAS Preliminary
rapidity in their 5 I N e’ 800<m <1200GeV |
0 S_ILdt =48fb" \s=7TeV A 1200< rﬂhjj <1600 GeV (+0.04) |
O A 1600 <my <2000 ge¥ (+0.08) ]
. T - 2000 . < 2600 0.12)
center of mass: R Qe zsbanvisote ]
—0.25- —— QtD Prediction ;
) - Theoretical uncertainties
* 1 B Total Systematics ]
y — yl — yz et " QBH (n=6), M =4.0TeV
2 025" u- v o o o w . w—r—
o .
0.16F ====C=—o—0 o= 7

® Variable chi defined as: _
x = exp([y1 —y2]) = exp(2ly*|) od

- P — e ]

as a function of m(jet-jet) 0.055 .
__.___._=.i.__.__._—.——.—'+_.__

® [imit on Quantum Black Holes:  t A ]
m(QBH) > 4.14 TeV (exp. 4.11) for n=6 10 ,
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Search for Heavy Resonance: Dijet Angular

® Most BSM signal are expected to be more central than QCD
m Study angular variable as a function of dijet mass

® Alternatively, look at: - — :
N ‘= [ ATLAS Preliminary o]
F — +i¥central Z j e © ]
— s Ldt = 4.8 fb",Ns=7 TeV o]

N, ... 0.5 »

total | —— QCD Prediction

- [ ] Theoretical uncertainties _
. 0. 4__ [ ] Total Systematics ]
where N s ly*| < 0.6 - e dan et |
Central |y | - e Contact Interaction: A = 7.5 TeV ——
0.3 " QBH (n=6) : M_ = 4.5 TeV ]
R q*: m.= 2.5 TeV i
| ——— Upper boundary to control region i
® | imit on Contact Interaction: 0.2 — ‘owerboundayiosearchregion : | -

AN>7.6TeV at95% CL
(expected: 8.2 TeV)

O'1W.&ﬁ=&’+ ------- i ‘_‘

oL | | | | | 4]
1000 1500 2000 2500 3000 3500 4000 4500

m; [GeV]
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Search for Heavy Resonances: Top-antitop

[ I T I
) = o02- - ATLAS Preliminary
[ Whlle SSM Z' haS same BR § it Simulation \'s=7 TeV
LL : . w  aamss M-.= e
than SM Z, many models £ 019 i IOV
. . P — m,=1000 GeV
give Top a special role TS IR I M M=1300GeV
- Top-color
0.05(— —
- RS KK gluon RIS
_ e N I L
favor a decay to top-antitop 0 500 1000 1500~ 2000
>102__""|""|'"'|""|"md'”“|r'($e'\'/—]
S ATLAS Preliminary [ d‘n
Ll tt N WbWb E 10§_ jl.dt:z.osfb" \s=7TeV = S‘”g';;g’
m |+jets channel: Ivb jjb ' i 3
® Kinematic fit on W and top 10 3
mass to find best jet 102 \
. . = =N
combination S AT C_
0 1000 1500 2000 2500 3000

tt mass [GeV]
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Top-antitop Resonance

® RS model: m(KK gluon) > 1025 GeV

m | eptophobic top-color Z': m(Z') > 860 GeV
L L L B L D T T T[T T T[T T T[T T T[T T T[T T T [TTT[TT
: Vs=7TeV —— Obs. 95% CL upper limit [ {s=7TeV Obs. 95% CL upper limit

: -_I Ldt =2.05fp" ------- Exp. 95% CL upper limit | I -_J‘ Ldt =2.05 fo! -+ Exp. 95% CL upper limit _

Exp. 10 uncertainty Exp. 10 uncertainty

KK

Exp. 2 6 uncertainty

- Leptophobic Z'
ATLAS Preliminary

Exp. 2 ¢ uncertainty

- Kaluza-Klein gluon
ATLAS Preliminary

¢ x BR(Z'— tt) [pb]
¢ X BR(g _— tt) [pb]

..~
-
e
-
as
.....
L,

.,
.
.........
~
-
-
-
-
~
-
-
-

»
.,
il
.
.
e
-
-----
.......
e
-----------
.....

_1 J"I L1 I L1l I L1l I L1l I L1l I L
400 600 800 1000 1200 1400 1600 1800 2000

Z' mass [GeV]

-1
4

4- L1 1 I L1l I L1 1 I L1 1 I L1 1 I L1l I L1 1 I 11
00 600 800 1000 1200 1400 1600 1800

mass [GeV]

gKK
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Top-antitop Resonance

® For m(ttbar) > 1 TeV, " candidate, SATLAS
specific boosted top g S E‘-EXPER!M_EN
reconstruction needed

Date: 2011-04-28 03:33:58 CEST

N NO pUb“C reSUIt yet 1 .. \ /N .' ]! Lepctiqcri'lic; top
\ ..:::::'f‘-..,_ L g canal ae-"-:fﬂ

| Hadronic top
candidate £

Hadronic top
candidate

Leptonic top
candidate
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Outline

‘Standard particl fos

L _“3eSupersymmetry (with MET) 4" generation and

L Jets + MET heavy “quarks”
- 3" generation -
- b’
@&iHeavy Resonances Long-lived particles
| - Dilepton ~ Displaced vertices %
- Dijet - Disappearing track .

- Top-Antitop
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4" Generation Quarks

®m Consistent with EW precision

m 4" generation would significantly
enhance Higgs production cross
section

- Stringent constraint from Higgs search

®m Can provide enough CP violation to
explain matter-dominated universe

Quarks

W
-
Q
=
O
@

—

B | oose constraints on CKM4 —

decays to light quarks possible! Today focus on:
't — WbWb
m t'orb'— Waq: like top, but heavier b'b" — WtWt
m b' — tW: like top, but busier ineory+jets
channels
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t't - WbWb — Ivbbqq (lI+jets channel)

®m Signature: | + ETmiss + =3
jets (I=e,u) and b-tagging

® Main background: top

m Observable: reconstructed

AN/, [1/GeV]

60 :— IIIIIIIIIIIIIIII e/p,ll+3ljetls IIIIII —
- —e— Dat
~ [t (400 GeV)
50 C It —
O Wijet
=0 Z+jet:
40 [ Single top .
[ Dibosons -
I Multi-jet ]
30 ATLAS =
-1 _
20 J.Ldt: 1.04 fb 3

\s= 7TeV

10
heaVy quark Mass /E’C 50F
3-jet events: m(jjj) £z e +
. . . . 100 200 300 400 500 600
4-jet events: kinematic fit S g T Aioreasansiae -
o u —e-— Dat 3
= — @ T (400 GeV, .
m Strategy: ;1 S
. . . % 1205_ 4 jets Eé.ﬂ;}: top _E
- Combine 3-jet and 4-jet 100E- e
. 80 =
- Constrain background sof f’“‘s )
. . . . - Ldt= 1.04fb
systematics through in situ fit a0 fs= 7Tev -
a.k.a. “profiling” 20
- Jet Energy Scale uncertainty 55 o
improved by about factor 4 (!) sdsop 9! Y
100 150 200 250 300 350 400 450rn SO?Ge\SITO
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Constraining systematics in situ, a.k.a. “profiling”

u PowerfUI bUt reqUIreS Source Normalization Shape Fitted
I 't cross section YIES NO YIS
careful understanding L = B =

tt fragmentation model

: 1 NLO MC geperator YES YES __NO

Of SySt' mOdel I I ng ! Top quark mass YES YES NO

Initial state QCD radiation YES YES YES

Final state QCD radiaticn YES YES YES

W +jels normalization YES NO YES

BEFORE Ratio of W +>4 jets and W 43 jets normalizations YES NO YES

_ Wjets matching/factorization scales NO YES NO
AL e e Bl i YES NO NO
= ok ;Eﬁioo Gev) E Single top cross section YES NO NO
g C — ] Diboson cross section YES NO NO
5 = %xg? = QCD multi-jet normalization (e+jets) YES NO YES
= - 5;:2?50?5 . QCD multi-jet normalization (u+jets) YES NO YES
40— B Mutti-jets — QCD multi-jet shape (e+jets) NO YES NO

305_ ATLAS _E QC!D 11'_.121ti—jlet shape (.;L—jets) . I\O' YES I\O

- JLdt: onts” : Elect.ron. 1denlt-1|h-:a%t10n and t.1‘1g:ger c«ﬂ'"l.c.lency ‘.rrES _\TC_) -‘trES

= = Muon identification and trigger efficiency YES NO YES

- \s=7TeV ] Jet reconstruction efficiency YES NO NO

10/g 3 Jet energy scale (inclusive jets) YES YES _YES

2 b-quark jet energy scale YES NO NO

o _ 50 E Jet energy resolution YES NO NO
&f E 0 E ET" modeling YES NO NO
£g 3 b- and c-quark tagging efficiency YIS NO YIS
o -50 - ‘ - ‘ - ‘ - | Light-quark tageging efficiency YES NO NO
100 150 200 250 300 350 400 450m,jSFGe\5/§DO Hardware problem modeling YES NO NO
Luminosity YES NO YES
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Constraining systematics in situ, a.k.a. “profiling”

u PowerfUI bUt reqUIreS Source Normalization Shape Fitted
I 't cross section YIES NO YIS
careful understanding L = B =

tt fragmentation model

: 1 NLO MC geperator YES YES __NO

Of SySt' mOdel I I ng ! Top quark mass YES YES NO

Initial state QCD radiation YES YES YES

Final state QCD radiaticn YES YES YES

W +jels normalization YES NO YES

AFTER: Ratio of W +>4 jets and W 43 jets normalizations YES NO YES

_ Wjets matching/factorization scales NO YES NO
E 70 :_ U aterFt esjes '_: Z +jets cross section YES NO NO
= ok ;Eﬁioo Gev) E Single top cross section YES NO NO
g C — ] Diboson cross section YES NO NO
5 = %xg? = QCD multi-jet normalization (e+jets) YES NO YES
= - 5;:2?50?5 . QCD multi-jet normalization (u+jets) YES NO YES
40— B Mutti-jets — QCD multi-jet shape (e+jets) NO YES NO

- ATLAS - QCD multi-jet shape (j+jets) NO YES NO

30:_ J‘ . 4 Electron identification and trigger efficiency YES NO YES

= Ldt=1.041 = Muon identification and trigger efficiency YES NO YES

- \s=7TeV ] Jet reconstruction efficiency YES NO NO

10/g 3 Jet energy scale (inclusive jets) YES YES _YES

2 b-quark jet energy scale YES NO NO

o _ 50 E Jet energy resolution YES NO NO
&f E 0 E ET" modeling YES NO NO
£ % 50 E b- and c-quark tagging efficiency YIS NO YIS
S o TE0 200250300 350400450500 550 LR quark Lagmmg cii cleney L L
m... [GeV] Hardware problem modeling YES NO NO

Luminosity YES NO YES
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t't - WbWb — Ivbbqq (lI+jets channel)

®m Data in agreement with SM expectation
B Assuming BR(t' — Wb) = 100%, m(t') > 404 GeV at 95% CL
(expected limit: 394 GeV)

7 f . :
— = ATLAS -
—_——

i Approx. NNLO pred. + 1 s.d.
= 95% C.L. observed limit

T 10 e, 000 mmmmes 95% C.L. expected limit =
& : [ Expected limit+ 1 s.d. T
5 tteeaan T~ [ ] Expected limit+ 2 s.d. ]

Dy '

J‘Ldt=1.04fb4

CDF excluded \s=7 TeV
-1 P T TR T NN TR T T TR N T SR RN AN AN SN TR S S NN S S S
10550 300 350 400 450 500

' mass [GeV]
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b'b" — WtWt — Ivbbqqg + qqqq (l+jets channel)

1

m | ike top but messier

m Event selection: | + ETmiss +
=6 jets (I=e,n)

® Main background: top+jets
(ALPGEN)

= Two additional W's decaying
hadronically:
Identify high-pT (boosted)
hadronic W's as pair of jets
close to eachother:

AR(jet-jet) ~2m(W) / pt(W)

Efficiency

o
o

o
B

0.2

o
@
— —

ATLAS
Simulation

— it

m,. = 450 GeV
m,. = 550 GeV

50 100 150 200 250 300 350
W-boson P, [GeV]

Select pairs of jets with:
AR <1.0

AR =sqgrt( An® + Ag?) 70 <m(jj) <100 GeV
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b'b" — WtWt — Ivbbqqg + qqqq (l+jets channel)

m Observables:

#Jets B arias o
N W+dets .
# identified hadronic W's 10° — i

+ Data\s=7TeV)]

m Control region: # jets <6 — 1 [Lotronn’ =

dominated by top-antitop and ¢ .
W+jets

® # hadronic W's well-described e

by SImUIatlon s === _§

:8, 0 1 2 3 4 NW
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b'b" — WtWt — Ivbbqqg + qqqq (l+jets channel)

m Observables:

B i

“ I I I I I I [
: § - Datafs=7TeV) A
# jets S ol ATLAS * Peate=7'eV
. . . 2 = 4 ... m, =500 GeV
# identified hadronic W's 5 Jro-toar over ]
(CJ 103'5- """ Wi+lJets —
g -
=

m Control region: # jets <6

dominated by top-antitop and @
W+jets

® # hadronic W's well-described
by simulation

m Signal region: # jets =2 6 /

®m Constrain background in low
jet and W multliplicity bins

10

(data-SM)/
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b'b" — WtWt — Ivbbqq + qqqq (l+jets channel)

®m Data in agreement with SM
expectation

® Assuming BR(b' — tW) = 100%
m(t') > 480 GeV at 95% CL

(expected limit: 470 GeV)

10

S
T

Q

*

k2

.

10"

E »

.
.
'h, =

L

‘i,

e}
O 1p

llllllll

IL

.

AL

......
Peaa,

CDF l+jets

EE 1 1

#222 Theory NNLO
—— Observed limit
Expected limit

dt = 1.04 fb”

0+ 16
\s=7TeV [ J+2¢

‘e,
. 1
., e
I
. =
(T ”
>

— "'t m i E e
LI

|IIII§IIIIIIIII|IIII_

400 450 550 600
m,, [GeV]
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b'b' — Zb + X

®m Search for a resonance m Esp. relevant for Vector-
decaying to Z(—ee) + b-jet Like Quarks

B |nclusive search: reconstruc ® Assuming VLQ coupling

' rd .
only one b' (other can decay only to 3" gen:
. ' 0
to anything) m(b') > 358 GeV (95% CL)

> 30 :I_ LI T I LI I LI I LI I T T 1771 I LI I LI I T T T J: 3‘102 ; T | T T T T ‘ T T T T I ;
8 - ATLAS Preliminary —4— Data2011 (Vs=7 TeV) - % - —— Opathor X P (BR = 100%) S
o - Z+light — N B == Opathor % P (BRVLS) .
S j Lat=2.01f" ] T R, YVo LBV expected limit ]
P - B z:charm . % 10 —— observed limit —
o - Z+bottom 1 x F expected limit+ 1o ]
> 20 = oSk expected limit+ 26 N
w B - tt . Iﬁ n B |
st Other SM B g& L .
Al T m,. = 350 GeV (VLS) 7] 5 c 3
E — m,, = 450 GeV (B=1) ] L 1 ]
10 — - ATLAS Prelinfina .
L 7] 107 Data 2011 (\s=7[TeV —
5E- — - JLdt:Q.O b .
s _+_|_._L — |_ 10-2 T [ R T R T R 1 PR T R SR NN SO N N B! | ]

0 200 300 400 500 600 700 800 900 1000 200 300 400 500 600 700
m(Zb) [GeV] 400 GeV m,, [GeV]
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4" Generation and Vector-Like Quarks: Summary

® No time to show other analyses:

- t'and b' dilepton searches (without b-
tagging): sensitive to light quark decays

- Vector-Like Quark searches
B Here limits assume 100% BR:

Analysis Lower limit
(95% CL)
t't' -~ WbWb (I+jets) 404 GeV
t't' - WqWq (dilepton) 350 GeV
b'b' — Wq W(q (I+jets) 480 GeV
b'b' — WqWq (dilepton) 450 GeV
QQ — Zb+X 400 GeV
Single Q — Wq 900 GeV
Signel Q — Zq 760 GeV

Leptons

Still a lot to do!

Decays to Zt and
iInvolving Higgs not
considered yet

H. Bachacou, CEA-Saclay / CERN LBNL, 22/03/2012
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Outline

‘Standard particl fos

L _“3eSupersymmetry (with MET) 4" generation and

L Jets + MET heavy “quarks”
- 3" generation -
- b
Si=ilHeavy Resonances Long-lived particles
| - Dilepton - Displaced vertices
- Dijet - Disappearing track .

- Top-Antitop
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Long-Lived Particles

m Predicted by:

- SUSY (R-parity violating or
split/compressed mass spectra):
stau, or gluino/stop hadronized into
R-hadrons

- Hidden Valley

m Experimentally very diverse:

- Depends widely on particle's
properties: life-time, charge, decay

- highly displaced vertices

- highly ionizing (dE/dx)

- slow (time-of-flight)

- kinked tracks

- disappearing tracks

- out-of-time (wrt collision) decay

G. Watts
Decay in
Calorimeter

Spectrometer
» n | | | | | | 0
f C — Inner Detector m
© ps- — EM Calorimeter -
c -~ _
2 C Hadronic Calorimeter -
E 0.4 = Muon System -
(TR rC :
0.3~ .
0.2~ Generator Level
- Simulation ]
0.1 - K—_
| | 11 | | 1 1 1 1 1 1 ]:

1 1 | | 1 | 1 1 | 1 1 | 1 1 | 1 1
10 12 14 16 18 20
7, proper lifetime (m)

o
N
d
(0)]
o
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Long-Lived Particles Triggers

m (b-tagging triggers)
®m Trackless jet trigger:

- decays late in inner detector

> jet ET > 35 GeV

- no tracks withp T > 1 GeV near jet

- muon spectrometer activity

®m Hadronic / EM (decays beyond the

EM calorimeter)
-~ jet ET > 35 GeV

- no tracks withp T > 1 GeV near jet

- Ehad / EEM > 10

= Muon spectrometer cluster trigger
- 3 muon triggers close from each other

- no jets, no tracks

V

Typical decay length
(1 mm -5cm)

1-3m

H. Bachacou, CEA-Saclay / CERN

LBNL, 22/03/2012
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Long-Lived Particles Triggers

o
w
3

E : T 1 LI LI LI LI LI LI | LI | T | LI |: ‘Tﬂ
% — Total Passed triggers — 500 g-
> 03 Log(E,,,_JE.,) trigger ] i
lE E —— Muon Rol cluster trigger _ E’_
E 0.25[ Trackless Jet + Muon trigger_— 400 2
S F ATLAS Preliminary |
© - . . _ &
0.2 - Simulation 300
0.15
[ 200
0.1F .
| —{100
0.05| 5 g
0 L1 | L1 1 | L1 1 | L1 1 | L1 1 | L1 1 | L1 1 | L1 1 | L1 1 | L1 |_
0 2 4 6 8 10 12 14 16 18 2[?

ATL-PHYS-PUB-2009-082 ™ Proper lifetime (m)
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Long-Lived Particles Triggers

(b-tagging triggers)
Trackless jet trigger:
- decays late in inner detector
- jetE T > 35 GeV
- no tracks withp T > 1 GeV near jet
- muon spectrometer activity

Hadronic / EM (decays beyond the
EM calorimeter)

- jet ET > 35 GeV

- no tracks withp T > 1 GeV near jet

- log(Ehad /EEM ) > 1.0

Typical decay length
(1 mm -5cm)

1-3m

Muon spectrometer cluster trigger
- 3 muon triggers close from each other
- no jets, no tracks

V

H. Bachacou, CEA-Saclay / CERN LBNL, 22/03/2012
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Long-Lived Particles: Decay in the Muon Spectrometer

M. Strassler

| Communicator |

®m Hidden-Valley theories predict a
hidden sector coupled to the
SM only through some heavy
communicator — weakly
coupled — long-lived particles

Energy

m ExXh—h,—mm —4b's

m Life-time of 1, is unknown

® | ook for 2 pairs of b-jets

appearing outside the b

. = o
calorimeter. 8 W, A5
m Sort of b-tagging with the Muon h Ehv Ty
Spectrometer! . Mixég ’ <B

Displaced vertices
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Long-Lived Particles: Vertex Reconstruction

in the Muon Spectrometer

(A
Very high occupancy OSSO

Partial track reconstruction

Efficiency ~ 50%
Very coarse
spatial resolution:

206900006 @8

000000990

2

80.14_ T TT | LI | LI LI TTTT LI | LU | LI ‘ TTTT | 1T I_
2, 12:_ ATLAS —— m,=120 GeV, m, =20 GeV
E L Simulation —— m,=120 GeV, m, =40 GeV E
$ 0.1— — m,=140 GeV, m_=20 GeV —
: S
“50.08— — m,=140 GeV, mR=4U GeV o
2 B ]
2 C ]
80.06- =
L C _
0.04 -
0.02f —
oo i L .
-g00 -400 -300 -200 -1P0 1P0 200 300 400 500
-1 1 Rirue — Rreco [M]

“True” tracks

CATLAS
A EXPERIMENT
http://atlas.ch

Simulation

Recohstr'u-cte'd-
tracks and

A EXPERIMENT
hitp://atlas.ch

Simulation
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Long-Lived Particles: Decay in the Muon Spectrometer

Tracks caused by jets in Muon Spectrometer

m Validation of simulation with “jzz: T aas ety
punch-through events s P o+ —QacpdietMc
: é - | [y —»— Data (Ys=7 TeV) J
® Note: punch-through's very well 2% # E
. . . 400 —
described by the simulation! Nae ) E
- "] E
m After final selection: no event fgg: he—
observed (exp: 0.03+0.02 ev.) N S
g 103E L B B LI I;LTII.ASI T IQ_ \ Number of reconstructed tracks
- 2? — QCD dijet MC 7 5 ST
g e e Data (&=7 TeV) S A Tomammmen e E
S b » . -é 1 eoctimmorio om0 omr ]
- $ . 32y ATLAS Preliminary
1= IT TTIHI * 9 5 ;)2 1-55_ J.Ldt=1.94fb‘1
3 f fs=7TeV

—
T E T T T

3_ 05

i | .
2500

L 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1
0 500 1000 1500 2000

o % 5 10 B T R
# hits in Muon Spectrometer  Nvor nvfwoperdecay length [m]
behind a jet Tm 15 m
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Long-Lived Particles: Disappearing Track

10°E o
Backround MG ATLAS Preliminary

. CO m p ressed S peCtru m : 10* Signal events (LLO1,r(%T)=1ns)
m (Ch a rg i n O) —~ m ( n e utral i n O) Charginos in signal events (decay radius<863mm)

®m Chargino long-lived
B Chargino — neutralino + soft pion

7 . . Az 0 +
. %1 decaying into X, +x

Tracks

f Ldt=4.71fb"

IIII‘ \\IIILI,IJ IHHLIJJ IHHLIJJ

Vs =7TeV

25 30 35

# TRT hits on track

high-p; charged particle
interacting with TRT material

p

\ low-p; charged particle scattered Select tracks
\ in materials resulting in badly With less than
\ measured track py 5 TRT hits

reconstructed track
‘ ——— true particle track

| I | |
Pixel SCT TRT
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Long-Lived Particles: Disappearing Track

> 1F ——
- . @ F ATLAS Preliminary -
® | ook at events with at least 3 jets £ | Sinel ovrts (LL0%, <) - 1)
. . @1 0 Charginos in signal events E
and Iarge mISS|ng ET el Hadron track background
_(és 102k e Bad track background _
. . . . o
m Discr. Variable: pT of tracks with 3 f
. 107E == =
less than 5 TRT hits é
3 / =
10—5 %
10 20 50 100 200 500 1000
track P, [GeV]
= 107g | \ E
f - —e— Observed 95% CLlimit ] i
______ % i = T T T T T ! i i RRE
Lo T o ik, iAs iy
o i Ldt= 4.7 fo" +20 | > T 3
3__ o2l .[ t=47 Expected (+26) . _% 10? ++{'{.+ Vs=7TeV, JLdt:4.7fb _
v ATLAS Preliminary 7 a H‘H} e D
i 16 =

a
"
.
.
"an
Lo
L
..........
.....
.....
........

ﬂ

N

| \ 10% E
- | | | , | | L ‘ N | | , | | L

50 100 150 200 10 20 50 100 200 500 1000
p$ [GeV] track p_ [GeV]
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SUSY searches

MSUGRA/CMSSM : O-lep +j's + E
MSUGRA/CMSSM : 1-lep +j's + E
MSUGRA/CMSSM : multijets + E
Pheno model : O-lep + |'s + E

T miss
T miss
T miss
T miss
Fheno model : O-lep + j's + E ...
Gluino med. ¥ (§— q@i ) : 1-lep +j's +E
GMSB : 2-lep OS_, + £
GMSB:1-t+js+E

GMSB:2-t+js+E

T miss

T miss

Inclusive searches

"""""""""" Gluino med. b (§—bb7’) : O-lep + b's + E, ..
Gluino med. T (g—nig} :1-lep + bj's + E
Gluino med. t (g‘_:-ti;f:} 1 2-lep (S8) +j's +E
Gluino med. T (§—ti7") : multi's + £

Direct bb (b.— bi,) : 2 b-jets + £
________________________________ Direct T (GMSE) : Z(l) + et + £,

Direct gaugino {ﬁi: — 3l i‘:}: 2-lep SS+E

T miss
T miss
T miss

T miss

Third generation

T miss

T miss

DG

B Direct gaugino (£, %, - 31%.) : 3-ep + £r ..
AMSB : long-lived fj
Stable massive particles (SMP) : R-hadrons
SMP : R-hadrons
SMP : R-hadrons

SMP : R-hadrons (Pixel det. only)
GMSB : stable T

e e e RPVhlghmassep
Bilinear RPY . 1-lep +j's + E

MSUGRA/CMSSM - BC1 RPV : 4-lepton + E ...

T miss

*Only a selection of the available mass limits on new stafes or phenomena shown

ATLAS SUSY Searches* - 95% CL Lower Limits (Status: March 2012)

I I
q=gmass

5= mass _[Ldt = (0.03-4.7) fo

gmass (large mg) fs=7TeV
Gmass (m(@<2TeV.light7))  ATLAS
Preliminary

gmass (m(§) <2 TeV, light 1)
g mass (m(%;) <200 GeV, m(z ) =g(m(% }+m(3))
g mass (tanfi < 35)

g mass (tanf > 20)

g mass (tanf > 20)

gmass (m(%,) > 50 GeV)

g mass (m(7.) < 300 GeV)

gmass (m(%,) < 150 GeV)

gmass (m(Z,) < 210 GeV)

gmass (m(%,) < 200 GeV)

b mass (m(%.) < 60 GeV)

Tmass (115 <m(%,) < 230 GeV)

%, mass (m(z,) < 40 GeV, ;. m(z,) =m(z,), m(¥) =3(m(%) + m(z))
ﬁ mass {m(i?) < 170 GeV, and as above)

%, mass (1 <(%) < 2 ns, 90 GeV limit In [0.2,90] ns)

g mass

B mass

fmass
g mass

an=0-10, 45,

g=gmass (c1 o, < 15 mm)

v_mass (1 =0.05)

g mass

< 100 GeV, my,= 14{}tSG|eV}
Ll 11l L1 11

10
Mass scale [TeV]

sgluon mass (excl:m

10

1




EXO tic sea rch e S ATLAS Exotics Searches* - 95% CL Lower Limits (Status: March 2012)

Large ED (ADD) : monojet
Large ED (ADD) : diphoton

RS with k/M_, = 0.1 : diphoton, m
RS with kIMF.l = 0.1 : dilepton, m"
RS with k/M, = 0.1 : ZZ resonance, m,, .
RS with g Ig =-0.20 : tf — |+jets, m
ADD BH (M2v,=3) : multijet, £p N,
ADD BH (MTHIM =3) : 85 dimuon, Nch_ et
ADD BH (M, /M,=3) : leptons + jets, Ep
Quantum black hole : dijet, F [m”

Extra dimensions

%] qqll Cl : ee, up combmed m"
uutt Cl : S8 dilepton + jets + E

T miss

I IIIIII|
M, (5=2)

Compact. scale 1/R (SPS8)
Graviton mass
Graviton mass

Graviton mass

KK gluor‘l mass
M (5=6)
M, (5=6)
M, (5=6)
M, (5=6)
A

M

.:_ ................................................................................... SSMZ'mEE,"" Cekos0n ot R — o
....................................................................................... SSM W' Moy, |eeton e trica sate 2457ev| W' mass
r Scalar LQ pairs (5=1) : kin. vars. in egjj, evjj |L=t0m" 2011} [1112.4828] ce0Gev T gen. LQ mass
B Scalar LQ pairs (8=1) : kin. vars. in upjj, pjj_ |L=t00" @) relminary sscev 2" gen. LQ mass

“ 4" generation Q, Q,— WqWq  [e=101" 2011} [1202.3388] 3s0Gev. Q, mass

'}E 4™ generation : Ll U — WbWhb  |=1.0m" (2011} [1202.3076] a4 GeV. U, mass

& 4t generation : d a — WHEWLE | L=1.01b" (2011} [Preliminary] as0Gev d, mass

% New quark b': b'b'— Zb+)( m, L=2.01b” {2011} [Preliminary] 400 Ge¥ b’ mass

= ST+ A Ay i1-lep +jets + E. . |L=101b" (2011} [1109.4725) a20Gev. T mass (m(A ) < 140 GeV)

N e Bited quarks™ ‘,’rl]'éf'r‘é'Sbh'éiﬁb;é"'m "
& Excited quarks : dijet resonance, mjj
= Excited electron : e-y resonance, m,.
& Excited muon : p-*,r resonance, m

...........................................................................................................

Techni-hadrons : WZ resonance (vlll} m -
Major. neutr. (LRSM, no mixing} : 2-lep +jéts
Wy (LRSM, no mixing) : 2-lep + jets

H* (DY prod., BR(H“—}pp}-‘l} 5SS dimuon, m,
Color octet scalar : dijet resonance, mu
Wector-like quark : CC, Mg

Other

H" mass

q* mass

q* mass

e* mass (A = m(e™))
u* mass (A = mp*y)

prmT mass {m(prmT} -min;) = 100 GeV)
p_mass (mip ) =m{r) +m,,, m

N mass (m(W_) = 2 TeV)

M (GRW cut-off)

A {constructive int.)

(a,)=1.1mip )
W, mass (m(N) < 1.4 GeV)
Scalar resonance mass

Q mass (coupling ¥, = vimg)
Q mass {cnuplmg Kan = ‘-’fm.;,

ATLAS

Preliminary

J.Lo‘f = (0.04 - 5.0) o'
fs=7TeV

*Only a selection of the available mass limits on new stafes or phenomena shown

1

10

10°
Mass scale [TeV]



A very short summary of the first two years

Unfortunately, still no hint of New Physics in the LHC data...

o _ 1 b 5fb
95% CL lower limits (7/2011)  (2011)
CMSSM (mz = mg) 1TeV 1.4 TeV
Z' (SSM) 1.8 TeV 2.2TeV
Excited quark 29TeV 3.4 TeV
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® Unfortunately, New Physics was not “around the corner”

m Experimental challenges as we enter further the Multi-TeV
world:

- TeV leptons
- Boosted objects (W, top)

- |nvestigate less obvious signatures and pursue precision
measurements

- Pile-up with ~ 30 interactions / crossing

m Expect 15-20 fb' at 8 TeV by the end of 2012
followed by 300 fb' at 14 TeV by the end of the decade (?)

® [t's only the beginning!
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Supersymmetry

® Extension of the Poincaré
algebra

® Fermion < Boson symmetry

= Solves many problems of the /

SM, esp. stabilizes Higgs sector

m |f R-parity (R =(-1)""""%) s
conserved, Lightest SUSY

Particle (LSP) is an excellent
Dark Matter candidate
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3. SUSY: b-Jets + lepton + Missing E

3 ESA OIS wie v e o o 2
®m \What if gluinos decay 3
. rd . ) % .
preferentially to 3" generation” E -
= Consider several pheno. i
scenarii, such as: 3 E
Assume m(g) << m(t,) << m(q, ,) = m(b,) o
Consider only gluino-gluino production e '1200 o
followed by decay through off-shell stop: LT m'x m(q)'rm(':)' lgts!ggm 1CeV
S 40 ;"""L'éL'ob's'er'v;di.a.}"""' """"""" ‘g
g-Tt — tJ%O Tl — S ) o5 §
€ 350 ATLAS Preliminary s
m Complex final states with 2o HE |
lepton(s) and b-jets a3 e
® Limit on gluino mass(m(x) <80 GeV): wf |
m(gluino) > 540 GeV at 95% C.L. U |

0
350 400 450 500 550 600 650 700 750 800 850

ATL-CONF-2011-130 m; [GeV]
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Supersymmetry without MET: an example

m Extended SUSY models JL’j,fjjfpb, :i.;j"‘?;(;;;;,_f
- Scalar gluon (not gluino!) has same .

R-parity as gluon — decay to pair of s
gluons 10000

m | ook for 2 back-to-back pairs of C el

g — g T T T[T T T T T T
' ' ' g TR = i o S e -+-'+'
jets in 4-jet events o e
I
0.5 1 1.5 2 25 3 3.5 4.5
> K S e L L A
3 " faras o rs - Angular Distance between palredA Jets
© 30 4jetsp > 104 GeV - ey T T T T T ]
I~ - T _ ABCD results ] o ATLAS —-— Observed
8 25 }J- L dt=34pb’ —— ABCD results Fit oo i == Expected
5 o sgluon; Region A % 10 — f ;(; =
o 20 ;ngTJc?r?; Gﬂi\éion B A ..E E — écalar-gluon E
1sF m=190 GeV i N - Hyperpion i
: o Submltted to EPJC
10 2 10° —
. & - ;
5F C ]
O:A IR | o URNTLE LY SSPON SIS i M S, 0 - T T : :
100 150 200 250 300 350 .
10, . L L L T
(M1 + M2) /2 (M+M,)/2 [GeV] 100120 140 160 180 200
Average mass of the two dijet pairs Mass [GeV]
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4. SUSY: diphoton + jet + Missing E

Diphoton events

® Gauge-Mediated SUSY Breaking: 3 [
= LSP = Gravitino i 1o
= NLSP = Neutralino G o2

- NLSP — LSP + Photon 10
m Also interpreted as Universal

—— Data 2011 (s =7 TeV)
e Qcb
B W—ev+jets, W—ev+y, tisev+X

Z—vv+yy, Wolv+yy
GGM mé/ m. = 800/400 GeV

SPS8 A =140 TeV
----------- UED 1/R = 1200 GeV

ATLAS Preliminary JLdt =1.07 fo'
1

:.. IIIIIu_I,l IIIIII.I.I] IIIIII.LI.| IIIILI.I.I.' IIIIIlI]]_I_:

107"
Extra-Dimension (UED) o .

UED: N = 6, M, = 5 TeV, AR =20 0 50 100 150 200 250 300 350 400 450 500
N NSRS Missing E; &= (ev
% ; ATLAS — 9?§ewed CLs limit E 1200G.G.M:binO-Iike neutralino, tanf = 2, cty sp < 0.1 mm
x [ + 26 ] > L
o —— UED LO cross section O, 1100 ATLAS Expected CL s Limit =

10 E o F —— ATLAS Observed CLs Limit 3

- _[Ldt=1.07fb" Vs=7TeV 7 1000F- t1o =

F B E ATLAS Observed CL g Limit (36 pb™) 3

L 1 900F- =

10? llllllll _E SOO;MMW —f

- ] - [Ldt=1.07 6" 3

C ] 700F =

Lol e b b e S Ly E Vs=7TeV 3

1200 1300 1400 1500 1600\,1700 600E- E

1E mg. [GeY] 5 - E

E | TN A A A A AR | il h J - = ]

F 1300 1400 1500 1600 1?00[(31‘88]0 . 500 aTLAS Preliminary gNLSP -

m,_. e r -

g N . . oyl ey ey T

10'1 Ll I L1 11 | ) | | N | | N | | | Ll 400 200 400 600 800 1000 1200

1000 1100 1200 1300 1400 1500 m. [GeV]

UED 1/R [GeV] GMSB SUSY
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Search for Heavy Resonance: ep

E | ‘ATLAISPreIm‘wmary IOI I iZ)Ia'EaIZ‘O‘ﬁ‘ - IInlstlrLIJrlm‘antaI E

. . 5 - —— Total Bkg. Ww/wz ]

m | epton Flavor Violation occurs g TV gy (650 GoV) 2

:; B Z/y >t — - Z(700 GeV) o

e.g. in RP-Violation SUSY 8 10 E

. . 10 =

- sneutrino decaying to ep

. . . 1 =

®m | imit of 11 fb at high mass .

10" (==

® Constrains on RPV coupings 3 *

_| T T | T \Al TTT | T 1T I.l \.\ T T ‘ T 1T | LI I LI ‘ T TT |_ g 0% -------------------------------------- :%

Ha) TLAS Preliminary Theory A,,,=0.10,4,, =005 ] % 700 200 300 400 500 600 700 800 9§00 1000

Q 10'E is=7TeV BT et m, [GeV]
T | Jrotmomrnt o
s.q._')/ 3 i [ Expected Limit t2 0 |
m 10 é_\ m— = ATLAS 2010 limit _é
m -
X Fee i N T N~ S _
0 102k ~ =
-l = . -
O S i
&\‘; ok T —— -
o - .
1 Ll J L1 1 1 | | - l lllllllllllllll |

100 200 300 400 500 600 700 800 900 1000
m, [GeV]
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Search for Heavy Resonance: dilepton channel

®m Neutral heavy gauge boson Sequential SM:

® Randall-Sundrum KK graviton m(Z') > 1_-8 TeVat95% C.L.
excitation RS graviton (k/M;, = 0.1):

®m Technihadron m(G) > 1.6 TeV at 95% C.L.

Accepted by PRL

arXiv:1108.1582
; _' I T T | T 1T | | i ) l 1T T E 1T | T i T 17T i T 1T | T T I_ E . I —— I — I —— I — I — I .
[ - , 0 : 4
5] 600:— I Dilepton 95./olEchusnon / %— L ATLAS - Expected limit
';r_ S R Expected Limit b Ns=7TeV Expected+ i ]
€ 500 Expected+ 16 — Z - Expected+ 26 |
E E Excluded: m(r;) > m(p_/w;) - — Observed limit 7|
4001~ —: 107 = Z'ssm —
- ] - —Z
300 = —Z
200 ATLAS Preliminary e S E
B ee:_[Ldt:LOSfb" ] - ee:.[l'dt: 108fo! s N
100 130 | | | IWIJ‘LdIh 1.21 lfb" E - uu:J- Ldt=1.211b"
150 200 250 300 350 400 450 500 550 600 107 0'2 ' 0'4 ' O| - 0|8 - ; e _'2' = '4 ' 1|6 e 2'
ATLAS-CONF-2011-125 ™Me/en [GeV] m iyl
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Search for Heavy Resonance: W' — v

m Heavy charged gauge boson mr = \/QPTET(I _COSA%,ET)
® Technirho, Little Higgs

m 1 lepton + Missing E; Sequential SM:
, m(W') > 2.15 TeV at 95% C.L.
® | ook for Jacobian peak

E 1 07 T T T T I 1 T T 1 T 1 T l 1 1 S‘ 1 — | T I T T T T [ 3
o ATLAS ® Data 2011 = oo NNLO theory ]
> 108 " , [Jw(500) m ]
w "J._ W — ev W (1000) o C —e— Observed limit |
10° I‘—LL’ \s=7TeV [JwW'(2000) S Expected limit |
- — -1 W 10 Expected+ 16 |
10* - I Ldt=1.041o Bz -k Expected+ 26 ]
1 03 - .Ttbar r ™
[ Diboson

102 QCD 02k |
-I O ; _________________________________ =

1 - ATLAS

T Wy
10 10°ENs=7TeV, | Ldt=1.04 fb’ E
L | 1 1 1 1 l 1 1 1 1 l 1 1 1 1 I 1 1 1 1 1 1
102 ————d 500 1000 1500 2000 2500

10° 10°

Accepted by PLB, arXiv:1108.1316 M [GeV] my, [GeV]
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Inclusive search

Search for Hea nhance: Same-Sign Dilepton
> 40 LI B L I L B ]
. S a5 ATLAS —+Data2011
® Predicted by many models 8t det roto! S Neneromety. -
- [ \s=7TeV -
® Very clean signature g0 E
. . g 20 . E
B |nclusive, model-independent > b E
search: oL T E
5 ] | 3
Fiducial cross-section limit as R== * +‘=|'=“‘—. . E
function of m(ppuz) 5 o 4» 3
® |nterpretation in terms of 8 4‘ = ++++++ E
. . 0 50 100 150 200 250 300 350
same-sign top production: ' mtuH) [GeV] |
= - ATLAS = observed
G(tt) < 29 _ 41 pb at 95% CL ;\t); 1025_ J-L_dt=1.6fb" "":‘th::ejipfed_z
Hi 10 —
10 fb%_s T .;
B AF{(ul,jet/e/u)>O.4 1 1 | T
‘ ATL-CONF-2011-126 m(ﬂi“i) [G}g’{)/] e ‘
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Search for Heavy Resonance: Same-Sign Dilepton

ATLAS

®m Doubly-charged Higgs search

- based on same analysis as
iInclusive search

10§ Ns=7TeV

- window 10% around Higgs mass ,

- =———e—— Observed 95% C.L. upper limit
--------- Expected 95% C.L. upper limit
_ Expected limit+ 1o

L Expected limit£ 26
| B8 olpp— H&+ HO), BH(H;eufuf)ﬂoo:/o
5585 olpp — H Hy), BRHS—piu)=100%
1 | 1 1 1 Il | 1 1 1 1 |

ILdt =16f" |

-1 TR BRI IR NI
10100 150 200 250 300 350

400

H™ mass [GeV]

Assumlng BR(IJi“i) — 100%- i—_ B observed 95% c.L. imit

m(HL) > ??? Gev (exp ??? GeV) ﬂ;_, - Expected limit + 1o
= :

m(Hg) > 22?2 GeV (exp. 22? GeV)

------
¥

ILdt =161

Q
+
Alde
Q

\s=7TeV

)
.......
:

1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 | 1
200 250 300 350

ATL-CONF-2011-127 M(H™) [GeV]
L
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Search for Heavy Resonance: Dijet

3 ﬁ T T T T T T T T | T T T T | T T T T ‘ T T T T
o - Limits set using Fx(mjj) variable
< 1 [0 1 = —— QBHN=2 ---- QBHN=5 ==
> N T QBH n=3 QBHNn=6 -
& 10°r e QBHn=4 -~ QBHn=7
= —=e— Observed 95% CL upper limit 3
1 02 L Expected 95% CL upper limit —;.
= 1 68%band =
L C— 95%band E
10 S -
R JLdt = 4.8fb ' \Ns=7 TeV E
[ N E
10’ R e
102k e i
10°F L i,
- ATLAS Preliminary ™. IR
1 0-4 _l L | | | | | | | | | | | | | | | | | | ‘ | 'I """" 4 ’“l:’
2500 3000 3500 4000 4500 5000

M; [GeV]
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%J LI T 171 T 1 T [ T 17T LI l LI | T T | T 1 T [ T T | LI N_
'O Ld = 1.02 o' \=7 TeV ]|
S » |
> = I N I S S50 e e o - —— SM background
© = —e— Data ] ﬂ B -
2 6000 — ATLAS Preliminary — =" - < —*— datal
g E Ldt=1.021b" 0 wsjets ] > N, +2
o - (Jaco . D, 1 Jet
& 5000 — e+, Njet = 2 B —_ 10° ]
- =Z+jets = | |
— single t — - -
4000 — r— Tol:l S;P(Syst. Unc.) ] - T
- . B Y- |
3000(— — = Ty -
B E : Tt :
20002— = ¥i¥,
CERT g i e - Phyd
o ———— ] jo2 ATLAS Preliminary .
Q  1aF i ‘ = . ‘ L [N I | ! | | =
= 125 _+_—+— + E
-E 1;_+*+*_., s DN B S 0 e i _._'9'*—0—**4— +—¢—H—+— + +.+. / ++ ]
O 08
0.6 A
0 50 100 150 200 250 300 350 400 g
ij [GeV] 2 -
| J signiricapcel of Entelrva\: 0|33csI L L 3
100 150 200 250 300
M, [GeV]
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m | arge Extra-D (ADD):

- Brings the Plank scale down
to the TeV scale:

MPIQ NMDQ-I—HRH
- Graviton escapes detector
®m Also Split SUSY

® | ook for a jet and
~ nothing else
®m Challenge:

- Instrumental background
- Understanding Z(— vv) + jets

dN/dE™ss

>
©
o
~
)
2
[
o
>
B

m
T

My lower limit [TeV]

TL-CONF-2011-096 __ | —
10* 3 —e— data 2011 E
- ATLAS Preliminary Total BG .
3 B CJZ(—>w)+jets
107 J.Ldt=1fb1 T W (o )+ jets 3
- [JacDp ]
10 \s=7TeV CJz(=1l)+jets =
F I 3
s e ADD (n=2, M_=2.0 TeV)
10 e e ADD (n=6, M_=1.5 TeV) 5
C R - ;
1 E I""""E " 3
E _|_ _._%--""-- \\\\\\\\\\\\\\\\\\\\\\\\\\
10" ;_ I e 2]
D i ———
107 ] L o _I:‘r;
200 300 400 500 600 700
Missing ET [GeV]
5¢ | x x T
4.5 B . —
= Ldt=1fo  ATLAS Preliminary 7
4 = ATLAS 2011 =
F \Ns=7TeV 3
35~ CDF run I
3= LEP combined =
25F N
2
1B =
1 ? '.-“-“-TI-“-“-“-“-II-”-“-“-I;IE::::::::::::::E.-..-..--.--.. _____________T_
05F g
E l ! \ \ \
0 2 3 4 5 6

Number of Extra Dimensions
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Strong Gravity at TeV-scale, Microscopic Black Holes

m | arge Extra-D (ADD):

- Brings the Plank scale down to
the TeV scale:

MPIZ ~ MDQ+HRH

ATLAS Simulation:
14 2e many jets

- Gravity becomes strong at TeV

® Microscopic black-holes

decaying through Hawking = Semi-classical models only for
radiation m(B.H.) >> m(threshold)

® | arge uncertainty on models m A safe bet: decay is democratic
and isotropic

due to our ignorance of « Look for (many) jets and
quantum gravity leptons at high mass
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Black Holes: Multi-Jets, Lepton+Jets, Same-Sign

%1 [ ATLAS Prefminary 55 oo |
(] F _1 3
[ MUItlJet —_ 0107? ve:pyTHa 39 PP E
S10°F —=— BH(=2M_=1TeV,M,=4.3TeV) _
B ansE —+— BH(n=4M_=1TeVM, =2.9TeV) ]
H L+J etS — 5 1 04 _ BH(n=7,M_~1TeV,M, =2.1TeV) _
b 107 —o— BH(n=4,M =1.2TeV,M, =3.5TeV)
| 10°E ]
® Same-sign Di |
10 : ansadiigg, -
10 ‘ -
1F -
€N A T L B B B L | 10-1%_ _%
c 1 03 [ —e— Data:\'s=7TeV - s : : e oF E
L%) : ‘@ll&kfake 8 ;T:taalBkg (\S ( 10 g\ | I ‘-*I [T B R R ;
102 Poe = bi ~ 910F  Jlatzroan’ ERweeas 0 1000 2000 3000 40005000
Y, |Ldt=131b % gibolsotn . S P00 GV
ingle top: T . o0 ke
10561 4 — My TeV - S0P
g I - 10
101L -" :‘w‘ _
1 Preliminary E
10 ]
> F ' - ' AT . T 10" E
v 2-same=sign - ,
S %)
© MUONS e R S
3 g
° 10 15 20 25 30 35 40 45 5 09000 7500 2000 2500 3000 3500
: N ) p_[GeV]
# high-pT Tracks v .
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Black Holes: Multi-Jets, Lepton+Jets, Same-Sign

ATLAS Preliminary

N M u Itljet % . ',-':: ﬁ =T7TeV, £ =1.04fb"
m | +Jets = | :
m Same-sign Di n

4
observed limit
> T T T e T Data 2011 (Ns=7 TeV) expected limit
(O] —— Total Bkg — P M — kM
o 10° JL dt=1.04f" EHB Wiets & it — expected 1 sigma o Y
Q 3 acb 3 expected 2 sigma
% W Z-ets . _
c 7 -'
2 1 >
. Mp [TeV]
2 2
E 1 Rty CELI Wil S P
© it AT A
§ e
1000 1500 2000 2500 3000 3500

Y p_[GeV]
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t't - WbWb — Ivbbqq (lI+jets channel)

m Signature: | + ETmiss + 23 jets
(I=e,u) and b-tagging
= Main background: top

m Observable: reconstructed heavy

quark mass
3-jet events: m(jjj)
4-jet events: kinematic fit
m Strategy:
- Combine 3-jet and 4-jet

- Constrain background systematics
through in situ fit a.k.a. “profiling”

- Jet Energy Scale uncertainty
improved by about factor 4 (!)

Event selection:
Exactly 1 e or g with

pT(e)>25 GeV, pT(u)>20
GeV

e (M) +Hjets: ETmiss>35(20)
GeV

ETmiss+MT(W)>60 GeV
At least 3 jets with

pT>25 GeV, |n|<2.5
Leading jet pT > 60 GeV
At least one b-tagged jets
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Vector-like Quarks

m Chiral fermions are seriously constrained, but
room for vector-like quarks

m | ook for Wq or Zg resonance
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1% Generation Leptoquarks

e-jet v-jet: e-jet e-jet:
m | Qs carry both lepton and baryon / /
— - QAN %, LQ,
number — decay to lepton-quark ny & Vs 2 \
= 1% generation: dielectron and /ae /
electron neutrino channel - \ N \
. . . . d u
®m Multivariate anaIyS|s usmg mostly:
S R RN H ] T 3
E - ATLAS Prellmlnaryr —— Data (\5=7 TeV) 7 $10° ATLAS Prellmmary —~— Data (=7 TeV)—;
Al V+Jets 7 o F V+Jets =
o10%E J' _ 5 210° I _ =
N E Ldt =1.03 fb [ | Top 3 <7 E Ldt =1.03 fb | Top =
2105 QCD ] B10° L Qco N
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Dyp2 [ — LQ(m=600GeV) ] L10° & —LQ (M=600GeV) =
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1% Generation Leptoquarks

o B=1 :m > 660 GeV
® New limits clearly surpass TeVatron 8=0.5: m > 607 GeV

= Now working on 2" and 3" generation...
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Top-antitop + Missing Energy

m Look for topology: TT — tt A A

®m T can be:
- Spin Y2: 4" generation top partner

- Scalar: stop, 3" generation leptoquark
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Long-Lived Particles: Decay in the Inner Detector

® R- hadrons (hadronized squarks or
gluinos)

m Vertex outside the beampipe, in
association with a high-pT muon

®m Requires good understanding of
tracking, detector passive material
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