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Introduction "

= Standard Model describes data very

well, but is only a low energy effective Formiab SSC

_ CERN LHG
th e Ory O (proton-proton) ] | lTTeTIf’ +
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= New Physics is needed at the weak - -
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= Physics Processes at LHC: _ T i)
_.g 1ub : n';:_[ : —

= Total cross-section & | Foeske. /_ 103
= SM Processes: W—-ev ‘% % ’*/:

= New Physics: hard lepton/photon s
(Z'—ee, etc) e

/

II /;101
W

= Need large luminosity and efficient 1 pb - ,
background rejection to see = ﬁx\\\f /S AL
interesting signal events: & effective F *“““aam/ -
lepton/photon & jet identification B06T W B 34 16 R?

Vs TeV
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LHC data
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Of 48.87 pb~* delivered: equivalent of 2010 dataset:

NEXT, N

40% in the last week

collected in one day in 2011 running

over 60% in the last month

ov 2011, QMUL
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A Toroidal LHC AppartuS (ATLAS) DETECTOR

Precision Muon Spectrometer,
o/pr=10% at 1 TeV/c
Fast response for trigger

Good p resolution

(€.9..Z" - uy)

Full coverage for |n|<2.5

Muon Detectors Electromagnetic Calorimeters
||‘|I

/{etectnr characteristics

i B Hadron Calorimeters,
Weight: 7000t

oA Calorimeters e o/E = 50% / VE(GeV) 0 3%

i End Cap Toroid
/

W
1

Solenoid

Good jet and E; miss performance

Inner Detector:

Si Pixel and strips (SCT) &
Transition radiation tracker (TRT)
o/p; =5 x104 p; 0 0.001
S 4 \ Good impact parameter res.

Barrel Toroid nerDetecor ' Sisding 0(dy)=15um@20GeV

Hadronic Calorimeters

Magnets: solenoid (Inner Detector) 2T, air-core toroids (Muon Spectrometer) ~0.5T
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ATLAS Publications "

= 2011 : 13 conference notes + 4 submitted papers
= 2010: 12 conference notes + 12 papers
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ATLAS Exotics Searches™ - 95% CL Lower Limits (Status: BSM-LH(

I I I IIIII| I I
M, (6=2)

Large ED (ADD) : monojet

UED e * ET Mmiss

RS with k/M_, = 0.1 : diphoton, m.,
RS with k/M_, = 0.1 : dilepton, m_
RS with gqqgmfg:-{}.m ‘H.+ E

Compact. scale 1/R
Graviton mass
Graviton mass JLdf = (0.031

KK gluon mass

Bfup

T .miss

Quantum black hole (QBH) : m. . F(x) M, (5=6)
QBH : High-mass o, , ,, M,
ADD BH (M /M =3) : multijet Ip_, N s M, (5=6)
ADD BH (M /M,=3) : 88 dimuon N, .. M, (5=6)
gqqq contact interaction : £, (M ..} |1=36 pb” (2016) (arxiv:1103.3864 (Bayesian imit) 67Tev A
gqup contact interaction SM - |e=42 " (2010) farkiv:1104.4398) 49TV A
SSM T [L=108421 7 (2011) [arkiv-1108.1582) 183Tev 7' mass
SSM Sy (=108 17 j2011) [ardiv:i108.1316] 21s1ew W' mass

Scalar LQ pairs (f=1) : kin. vars. in eejj, evjj e gen. LQ mass

Scalar LQ pairs (5=1) : kin. vars. in ppjj, pvijj 2" gen. LQ mass

i . \ .
4" generation : coll. mass in Q4ﬁ4—> WaWq
4" generation : d434—> WiWt (2-lep SS)

TT —ti+A A, 1-lep + jets + E

4th gen.

Q, mass
d, mass

T mass

T miss

Techni-hadrons : dilepton, M et

Major. neutr. (LRSM, no mixing) : 2-lep + jets

pTImT mass (for m{prmT} -mi(n;) =100 GeV)

N mass (for m(W_) = 1 TeV)

Major. neutr. (LRSM, no mixing) : 2-lep + jets W mass (for 230 <m(N) < 700 GeV)

H* (DY prod., BR(I—Itl—:«pp}:ﬂ 'm ike-sion)
pue {like-sign

Excited quarks : m

H " mass

dijat q* mass

Axigluons : m

dijat Axigluon mass

Color octet scalar : m ., Scalar resonance mass



New Heavy Gauge Bosons
W’ leptons+ EMiss
' uu + ee
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W’ Lepton +EMiss

! g2 10T ' o Ae ! ' g 107 i i ae | eDam2ott -
Slg nal: W'—lv 5 . . ATLAS Oweo 3 10° ATLAS w00
m 10 W = uv CJw(1000) W — ev CJw'(1000)
10° Ns=7TeV W (2000) 10° Ns=7TeV [JW(2000)
_ 4 Dw " Ldt=1.04f6" EW
10f JLdt=104t0" % 10 ] =thb
. 3 W ttbar 3 ar
Observa ble ] 10 [ Diboson 10 []Diboson
— [Jacp 102 []Jach
! Im:.:: ! . 10
\_[T = Zpl (]. — COS A@l En‘uss)
\ 1 1
10'% H 107
-2 NI | ' L n N 10-2 TR R 1 L L
10 pe pe 10? 10°
my [GeV] my [GeV]

Data consistent with
SM prediction

— =
9]
3.9 +
- NNLO theory 1§ cor 2010
A = _+—
—e— Observed limit ] £ ATLAS 2010
RV ) —a— CMS 2010
----- Expected limit - 1

[ Expected + 16
Expected+ 26

6 B [pb]
R

T IIHIHl

! IIHIHl

Limit @ 95 % C.L.
Mass of SSM:

_1__ —

W' > 2.15 TeV al " - ATLAS :
107 i W Iy (2011) ]

" ATLAS 102k \Ns=7TeV .4

(2.08 TeV e & Wy E Jrat=tosien 3
10°E\s =7TeV, [ Ldt = 1.04 fo” E 500 1000 1800 2000 2500

1.98 Tev p) e (T R e [G8Y]

m,, [GeV] 2010 data: arXiV:1103.1391, accepted by PLB
2011 data 200 pb-1 update: ATL-CONF-2011-082.
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i) T T T T T T T T |
5 10 ATLAS * Data 2011
> 5 Oy
w 10 J ; [ Diboson
= i i
10* Ldt=1.211 @W-+Jets
& — JQcb
10° \s=7TeV 1Z'(1000 GeV)
JZ'(1250 GeV)
102 CJZ'(1500 GeV)
10
1
10
102

1 1 1 1
80 100 200 500 1000 2000
my, [GeV]

Data consistent with SM prediction

Observed (Expected) 95 % C.L. mass
lower limit in TeV on Z'cy resonance

Z': Dilepton Channel

Events

JLdt: 1.08 b
Ns=7TeV

O

CJZ'(1000 GeV)
[1Z'(1250 GeV)
JZ(1500 GeV)

T TTTH

Model ete ut /ﬁ‘\\

- 2 1.70 (1.70) 1.61 (1.61)\1.83 (1.83

(up 1211 % ee 1.08f") 3

—— ATLAS Preiminary 1
w ATLAS (i 42 pb 22 39pb7)

Epx Z' Models

—— CDF (up 46167
— DO {ee 5.4 )

Model/Coupling | Z,, Zy Z, Z7 Zs

06 08 1 12

Mass limit [TeV]|1.49 1.52 1.54 1.56 1.60 1.64




NEXT, Nov 2011, QMUL

Search for top quark pair (tt )
resonances : lepton (e /u) + jets

No evidence for a resonance is found.

Limits set using the reconstructed tt
mass spectrum: on production cross-
section X BR(to tt for narrow and
wide resonances)

For narrow Z’ models, the observed
95% C.L. limits range from
approximately 38 pb to 3.2 pb for
masses M ,, = 500 GeV to 1300 GeV

ATLAS-CONF-2011-087

/" tt-bar

Candidate Events

Tracey Berry (RHUL)

“

' 200pb’@ 7 TeV
Bitop (B=1.00)

ATLAS Preliminary

0
foi}
[wW-+Jets (p=1.04) =
©
Bz +Jets (B=1.00) =
=12+ 29 7%
lJetEle_e {fQCD 124 2% ) o
* ATLAS data b
N
®©
£
o
c
@]
=
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miss
ETSS [GeV]
E‘ EKIIIIIIIIIIIIIllllllllllllllllltil:
=2 (Vs =7 TeV dRmin. Syst.+stat.
= s JLd.f — 200 pb" —— Obs. 95% CL upper limit
T 5l sreeees EXP. 95% CL upper limit |
:l'_\l_, 10 I Exp. 10 uncertainty
% || Exp.2c uncertainty
X N B Leptophobic Z'
) B\ ATLAS Preliminary
10:_ |‘ J .‘-.'J _:
1E E
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10
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Contact Interactions

L %“% i fb-1 e+ pp
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Contact Interactions: up "

. . .  10°g— ——
= Four-fermion contact interactions (CI) S L Amas - Defa 2010
at low energy limit describe phenomena g o J] Jracae o Dbesen -
as- \s=7TeV -W+jets %
. 10% — A =38TeV 3
— A =5TeV 3
----A*=5TeV

= Large Extra Dimension ADD model 10
= Quark-lepton compositeness

T
]

= Benchmark composite model is left-left 02
isoscalar model

2x102 2x10°

80107

Taking the integral

do dapy Frimuy,) Fe(mu)

- — NLL D B 1 51106 I o Data2010 ol 3

dimyy, — dmy,, A A T A e e

— Fy is interference (CI) term, n=+1 8 10'k det=42 pb’ A -5TeV - A-sTev

— A is the energy scale (below which fermion g 103%— \s=7TeV ATLAS —
constituences are bound) 5 100
No excess, limits at 95 % CL: £ %
zZ 1k

N\ > 4.9 TeV for constructive interference ok

N*t> 4.5 TeV for destructive interference e T I

miin [GeV]
arxiv:1104.4398;
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Searches for Extra Dimensions

Diphotons+E-iss (UED)
Dileptons (RS)
Diphotons (RS)
gqquK/gs: HT-l_ETmiSS (RS)
Same-sign dimuons (ADD) NEW!
Monojet: (ADD)
ngh Mass O't+X(QBH: Quantum Black HoIes)
Multijet Zp;, Ni,s(ADD BH)
SS dimuon N, ot (ADD BH)
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LB od Fxtra Dimensional Models "
A ’D PAr]I;ISEEZtit-BI-A?QQeg, Dimopoulos, Dvali, Q G

(Many) Large flat Extra-Dimensions (LED) could be as large as a few pm
In which G can propagate, SM particles restricted to 3D brane

R S F',}]";‘S”SS”L; ttsén(cglg)%m, Planck  TeV brane
Small highly curved extra spatial dimension ﬂ
(RS1 — two branes) Gravity localised in the ED
1o BT
T Vileaeps Do Dudss Gregheta, S chiral ~~3 Bauge
Bosons could also propagate in the bulk W, Z v, g

Fermions are localized at the same (opposite) orbifold point: destructive
(constructive) interference between SM gauge bosons and KK excitations
U :D W, Z
All SM particles propagate in “Universal” ED G
often embedded in large ED € H

14
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Universal Extra Dimensions “
Diphoton + EMiss

5 T tmaaronerten
«Effective theory of one TeV-!size UED valid f 107 — Woreysfts Wosyy v X3
at >1/R (R = ED size) i U ey
—SM particles in bulk—KK excitations .. R e
—Mass degeneracy of KK excitations 1 [[ERCTO
broken by radiative corrections o ]
-Lowest KK particle y* decays to y +G : ﬁﬁ‘l!
10 0 T80 %00 %50
eExpect excess of UED events at high E;Mss: N o s vy T eV
—No events observed in E;Mss>125GeV g [T g
—Background events expected ® ok — Observed CL_ limi

0.10+0.04(stat) £0.05(syst) + 20

—— UED LO cross section ]

_[Ldt =36pb' \s=7TeV

UL @ 95% CL on 5<0.18-0.23pb for '

1/R=700-1200 GeV in UED model [ :
oExclude @95% C.L. 1/R<961 GeV 10'1§ATLAS ]
arXiv:1107.05661, submitted to EPIC 10‘27* '7(561 'éé)d' 'écl)c')l '1'0'010' '111|o'o' '1'210b'

1/R [GeV]
NEXT, Nov 2011, QMUL Tracey Berry (RHUL)



Benchmark Model: Large ED ADD Model
*M;is the Planck scale in n+4 D (Mp<<My)
oIf there are ED and My~1TeV, microscopic
black holes (BH) can be produced at LHC

eAssume continuous BH production from M,
to LHC vs=7 TeV, but remove mass region
(M) close to M, where classical BH
production and semi-classical BH decay
approximations are not valid

oStrategy:

—Select events with same sign di muons, with
at least one being isolated, to minimize SM
bkgs

—Look at track multiplicity distribution

*NO excess over SM expectations seen

2010 data: ATLAS-CONF-2011-065: 31 pb-1
2011: submitted to PLB acey Berry (RHUL)

—e— Data \s= 7TeV

[ n+fake

ATLAS B

4 [Iblc

Ldt=1.3fb |m Diboson
Single top: Wt

—— My =4 TeV

T T --I
g M, = 800 GeV,-
......... M‘I‘H""="'4'"Tevi""'"_;
o . 6ED's. . |

5 10 15 20 25 30 35 40 45 50

track multiplicity = Nk

P '~ ATLAS
0: I S E =T TeV

el el S fcdi=1.3m""

E — — Expected limit
/7| s Expected 1o

------ My =k Mp

n=6 observed

n=2 observed

1 2
M, [TeV]



ADD: Monojet Search “
a single jet plus missing ET

=  ADD: Graviton Emission: Produce jet + G

: ) : ) 3 10° T g 3

= G disappears into the extra dimension 8 ATLAS Preliminary e
= Signature: single (high pT) jet and missing E; § [ VN
gnature: single (high pT) j g E; & = :

= 102_ \s=7TeV T Z (M) +ets E

Missing ETtrigger '%J,_ - g e ADD (n-2, M =20 TeV)
.Signal region (\\nghptﬂ) g 10§ e T ADD (n=6, Mn=1'5TeV)§§
—pt> 250 GeV, missing E;> 220 GeV o E

—p,i2< 60 GeV, Ap(j2, missing E;) > 0.5 f R S—

10_1 ..............
—No reasonable e’s, u’s

1072
Good Agreement between data and background 200 300 400 500 600 700

prediction: 965 events: 1010 £ 37 (stat) £ 65 (syst) ET** [GeV]

limit on o*Acceptance 1
@ 95% CL =0.11pb
Using Acceptance from
ADD signal samples
(Pythia): 95% CL on
fiducuialc = 0.13 pb

3 ;_ --------- LEP combined

ey e L B B = 5¢ T T T
& . i N ﬁ 45i
‘)E ADD signal: n=2 1 = F JLdt=1 fo! ATLAS Preliminary
. o —— ADD signal: n=4 E 4 ‘ —— ATLAS 2011
eModel-independent = 3 \s=7TeV
P — — = 95% CL Exclusion % 3'553' 16 """ CDFrunll
_D
=

ATLAS Preliminary

T
Ul
(<))

1

—_

a1
\II”%HI TTTTTT
\III‘\HI

e

_1_ e _———

\I\lLJI\

E 0. 5_ Extends the reach of prévious

PR (SN W T N T ST R | PO SN N NN W T T ) |
1500 2000 2500 3000 3500 4000 2 3 4 5 6
Number of Extra Dimensions

VATLAS-CONF-2011-096; 1 fb-10f 2011
NEXT, Nov 2011, QMUL Tracey Berry (RHUL)  2010: arxiv:1106.5327, submitted to PLB {33 pb'!

M, [Ge



Randall Sundrum ED “

R> Gravitons () RS el
5-D space-time bound by two 3+1D 1 highly curved ED
branes with SM particles localized on Gravity localised in the ED

one and gravity on the other

Only G propagate in bulk resulting in Planck - TeV brane

massive spin-2 Kaluza-Klein (KK) A = M_@kRe
excitations =

| A~ TeV
Signature: if warp factor kR ~11-12

Narrow, high-mass resonance states in
dilepton/dijet/diboson channels

eNarrow intrinsic width if k/Mp<0.1
(k is space-time curvature in ED)

eGraviton decays to SM fermions or
bosons: Diphoton branching fraction
is twice higher than dilepton one

NEXT, Nov 2011, QMUL Tracey Berry (RHUL) 18



i+ fb-i gg

RS ED: Diphotons

— Estimated bkg
%i: Y g:} : {:; Y

J Ldt=36pb" [[]Bkg extrapolation syst uncertainty
Y 9 Y

[ 16 bkg uncertainty band (stat+syst)

[]2¢ bkg uncertainty band (stat+syst)
kM, =0.03 _k/M,=0.05 k/M,=0.11
MC G550P‘GeV G700P‘GeV Gﬂ)O?) GeV

®_ e®Data\s=7TeV

T TTTT Gee® T TTTT

Events / 5 GeV
3,

eData consistent with SM predictions 1

eLimit @ 95% CL >920(545) GeV for 1o’
k/MPI=0.1(0.02) b

ATLAS Preliminary
I T NN TR T S N T ]
200 400 600 800 1000 1200

o 0 22 T T T 1T 1T L LELELE UL L L T 17T LB J 10 : ' ' ‘ ‘ ' ‘ ‘ I ' ' I ' j I :
= F] ! ' ! ! ] O | ATLAS Preliminary ]
> 0.2 :— RS-Graviton 95% CL limits E D\O T N L LT Expected limit 7

0.18 E o ATLAS Expected (L_=36 pb™ = 8 = J. Ldt=236 pb'1 [ Expectedt1c -
= e ATLAS Observed ] ® = J [ ] Expected+2c -

0.16~ serve E = \s=7TeV —— Observed limit
01 4 - DO Yy+ee (Lim=5.4 fb1) - ,2,— 1 - I Lo* =
0.42F — CDFyy (L =54 fb) . E ; - -
= E T i
0.1 : S I 1

- . o

0.06— = x 107 E
0.04F- = ° F .
008 S=—"—"" ATLAS Preliminary - T T N

0%500 600 700 800 900 1000 1100 1200 1300 400 600 800 1000 1200 1400
mg [GeV] mg, [GeV]

ATL-CONF-2011-044
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= Signal RS G*-ll|

= Same Spectra as for Z’, no excess

Upper Limits @ 95 % CL on RS M.«

mmmm

1.33 1.6e3

UL@95%CL(TeV) 0.70
g L amas
o E \s=7TeV
B G* =l
Eee _[Ldt 1.081b™
10_3_ouLdt| 121ft|> |

LI I
--- Expected limit
[ Expected+ 16

Expectedt 2¢
— Observed limit
= k/M;, = 0.1

k/M, = 0.05
— kM, = 0.03
— k/Mg, = 0.01

0.2 04 06 08

NEXT, Nov 2011, QMUL

I |1.6I I I1.8 2
m [TeV]

Tracey Berry (RHUL)

ATLAS

Events

JLdt: 1.08 b

\s=7TeV

T T I

e Data 2011
Dz
[ Diboson
T
EW+Jets
Qcb
[JG*(1000 GeV
[1G*(1250 GeV)
[JG*(1500 GeV

80 100 200 500

I 1|000 2000
M. [GeV]

ATLAS

Events

.[Ldt=1.21 fb’

\Ns=7TeV

1 1 l 1
80100 200 500

1

arXiv:1108.1582, accepted by PRL

T T |

e Data 2011
oy
O leoson

C1G*(1250 GeV)
CJG*(1500 GeV

1000 2000
m,, [GeV]
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Signal RS gy« — tt-bar :
tt-bar—bW+bW-—bb-bar Ivlv

No statistically significant excess
above the SM expectation observed

UL @ 95\% C.L on
0.BR(resonance—tt-bar) pairs as a
function of the resonance pole mass

Lower mass limit of 0.84TeV for a
Kaluza Klein gluon resonance in the
RS Model

NEXT, Nov 2011, QMUL Tracey Berry (RF

tt Resonances in the Dllepton Channel “

Events

JLdt: 1.04 fo'
\s=7TeV

1000
H+ET™® (GeV)

ATLAS Prellmlnary dltt

[
[ Single top
] Fakes
[ Diboson
-@- Data 2011
—g,, (700 GeV)

¢ B [pb]

JLdt 1.04 o

—_

ATLAS Prellmlnary

-+ Expected limit

I Expected+ 1o
Expected+ 20

—— Observed limit

O 1 t
\Ns=7TeV

p—|||||
S [

14 16
m, [TeV]

KK

1200




= Signal: Four Charged Leptons ‘

= 2 searches performed in this
decay channel ZZ & H++H--

= Events with two identified Z—{+{— decays
= For M,>300 GeV: from SM expect

1_9+1.0_
= (Observe: 3 events

0.1 (stat) t08_, . (syst) events

95% C.L. Limit o(production of ZZ from high-
mass sources) <0.9 pb in the fiducial region

For RS model: limits on o(pp—G)xBF(G—Z2)
of 2.6-3.3 pb depending on the resonance

Mass

For a coupling of k/M,=0.1 , the median
expected 95% C.L. lower limit M;>575 GeV,

equal to the observed limit

NEXT, Nov 2011, QMUL

Tracey Berry (RHUL)

Events / 50 Ge

o(pp — G) x BR(G — ZZ) [pb]

RS G*—>zZ — Il
with Four Charged Leptons

107!

102

10

ATLAS Prellmlnary IL 102"

Uncertainty

200 400 600 800 1000 1200 1400 1600 1800 2000

Four Lepton Mass [GeV]

. T T T ‘ T T T I T T T ‘ T T T | T T T I T T
. ATLAS Preliminary o
[ = Expected limit at 95% CL

—@— Observed limit

- Expected limit£ 1o

Expected limit+ 2 ¢

j Ldt=1.021b'\s=7TeV

N R
400

P IR R R R RN S
600 800 1000 1200 1400

M, [GeV]
ATLAS-CONF-2011-144
22



“Other Searches”

NEXT, Nov 2011, QMUL Tracey Berry (RHUL) 23
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Technihadrons
P, W— UL + ee

Tracey Berry (RHUL)
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Signal: Low Scale
TechniColour Model

Py, Wy @ narrow, spin 1
resonances, like Z’
search uses the limit
results of the Z’ search

Events

No evidence for a
technihadron signal is
observed

LSCT: masses of pr and wy

from 130-480GeV

excluded at 95% CL for TE
masses from 50—480GeV.

NEXT, Nov 2011, QMUL

o B [pb]

T T T T T
ATLAS Preliminary %0220

10° J‘ ; EDiboson
= ) tt
10° Ldt=1.08fb 5W+Jets
[a = QCD
10° \'s=7TeV b Jo>; (200 GeV)
[Jp, /0 (400 GeV)

Dpl/u)T (600 GeV)__

71000
M, [GeV]

L . .
80100 200 300

T T T
ATLAS Preliminary ___
\s=7TeV

Expected limit

I Expected £ 1o
Expected + 20

— Observed limit

AR

— 2=l

—Z, =

- /ol

T \IIITHl
1 lllHHI

10"

T !TIIIHl
Il llllllll

10°

ee:J Ldt=1.081"

T !IITIH‘
1 llllllll

uu:j Ldt=121 0"

cl L NN
14 16 18 2

m [TeV]

Lo b b LN L 1
02 04 06 08 1 1.2

Tracey Berry (RHUL)

2000

2 L6 ' -
§ 10 ATLAS Prellmlnary ° Da‘a 2011 3
L 10° E
JLdt_ 121 16" E{?'bm" 3
10* = W+Jets 3
\s=7TeV Ja 3
10° . /mT (200 GeV) —
O pT/u)T (400 GeV) 3
102 e /u)T (600 GeV) =
10 -
] 3
1 =
10" 1
102 =
M| =
80100 500 1000 2000
m,, [GeV]
;‘ O T e Ll e e R L R,
D L I Dilepton 95% Exclusion
O, 600 ----- Expected Limit
—_ e - Expected+ 10
5 Z— m(p_/;) - m(r;) = 100 Ge
£ 500;7 % Excluded: m(r;) > m(p /wT ]
v 1] GDF p_— W4jj[ 1 9fb 1 N
400 1 DG p —) WZJ[ 41 b ] ]
300 QA =
200 ATLAS Preliminary -
ee'I Ldt=1.08f"
100 > JL dt=1211" ]
2 T T TN 0 A
150 200 250 300 350 400 450 500 550 600
PT/ or) [GeV]
ATLAS-CONF-2011-125 o5



Leptoquarks

SM extension: lepton-quark symmetry Average lj invariant mass

> F “Ir“"\""l""jrj"\. . { > 7: T ]
V:V>I1|:-|'?C(gzl(JDI!)C?ILI’l\rgJ.;rltl:())leCJIL-aaI’kS8 1%t generation el . 20 generation g pun "™ |
= Top 1 s 6 . Top E
P 65— - D|bo$:n _E :(5 I Diboson é
and leptons - J— T mameen 4 8 CE g it vt
: -~ LQ(M=350GeV) 3 % 4 e LQ (M=350 GeV)
. 4 ATLAS E =
| 0ok for pair o | s ATLAS £
- . E L dt =35 pb’ 3 L ot =35 pb’” :
production of particles 2k J ] 2 Jrameemt 3
with both lepton and ;k ..... bl s E
50 200 250 300 350 400 450 500 550 60! P50 200 250 300 350 400 450 500 550 600
barYOn quantum LQ M(ejet) [GeV] LQ My, jet) [GeV]
numbers 95 % C.L. exclu5|on reglon
o t T 1
eSignal final states: [, .o - § atas < Lo j E
i ] 5 E ; ATLAS =
2 lepton + 2 jets & @ o7f %, ER- £
o 0.6F i 3 2 B E
lepton+2 jets+EMss [ E \esTTV 2 = 08 Fe7Tev
0'45_ \\ f Let=35ps” 3 0 f Ldt=35pb’ 3
E 3 0.4 e
+l- 0.3 — = uujj + wvii (Exp) = B . TR 3
LQLQ - I*qlq o2lsP Sieeom) 0SB = ohotem)
i ™ gﬁqg(‘;}ab,, - 0.2 DO (1 fb™) =
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Wij / vij Search mn

—— CDF data (7.3 ™| ]

— Gaussian 1.9%

B W WZ 4.7%

N W+Jets 79.9%
Top 6.4%

Bl Z+jets 2.6%

o] QCD 4.2%

%)

CDF has reported an excess of 4.1 at ~145GeV in jj
mass distribution in ljj channel with 7.3fb-lof data

8 GeVic

—
o
(=
o

Events/(

eThis channel is not optimal at LHC with W+jet bkg 20
times higher, but this can be model dependent
eSelection: p{>30GeV, p£>25GeV p+>20GeV,
pJ>40GeV, E;Mss>25GeV, M{W>40GeV, |n|<2.5,

| AL ETMiss| >0,4GeV

eLooked at N;=2 (shown) and N;>2 M, [GeVi/c?]
. . . . . . . . — —— r : . : : . : . . — ——— — > T | L | T I L | T T | L I_
E ATLAS Pl i | +DL.3 E & J-Ld =1.020",\g=7 TeV |
S 6000 reliminary  — 0 w2 — To) ]
g Ldt=1.02fb"  Cwses - —— SMpackground
2 5000 e, Njet = 2 E‘fcn 7 S —— datdl
T} ) = tt — > N, +2
H £ I zsjets = Jet
No significant = ERRT: 1
—— Total SM (Syst. Unc.) ] L
excess over SM __ E ‘most significant '+
processes E ‘excess found by > "% |
2000 — 'the BumpHunter ML‘M
] algorithm '
1000 B 162l ATLAS Preliminary |
n : -%' 2;_ - I | I T I T i T I T I | l I T E
Q 14 ; = =
= E Z = E
1 T I B :
e g:: E: -2 | significalnceI of Entelrvar 0]33(5I =

= 1 1 1 1 | 1 1 I | E
0 50 100 150 200 250 300 350 400 100 150 200 250 300
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Massive Long-Lived HIP: mn

L A L L L L L L B
ATLAS e data 3.1 pb” ° 3 . ATLAS e data 3.1 pb E
VorTov  MESEONeINO o b 7Ty M S el C
—50bC— v ’ et ol g e Signal, |g|=10e, =
m= e m=500 GeV 3

0
)
e
©
S
kS
C
I
O
—
o
S
@
Qo
£
=]
prd

0 02 04 06 08 i . . .
fraction of TRT high-threshold hits f W,

e Search concentrates on large mass (>100GeV), non-relativistic speed,
charges 6-17e (Q-balls, stable micro black holes)

e Signal has high ionization in tracker, narrow calorimeter deposits

e No events pass selection (96% efficient for signal)

Cross-section limits @ 95% CL Cross-section limits at 95% CL in pb assuming
in pb for any model Drell-Yan-like production mechanism
m [GeV] | |g| = 6e |g|=10e |gq| =17¢e m [GeV] | |g|=6e |g|=10e |g|=17e
200 1.4 1.2 2.1 200 11.5 5.9 9.1
500 1.2 1.2 1.6 500 7.2 4.3 5.3
1000 2.2 1.2 1.5 1000 93 34 4.3

arXiv: 1102.0459, PLB698:353-370,2011 16
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Anomalous Production
of Prompt Like-sign Muon Pairs:

“

pTIeading>20 GeV & stubIeading>10 GeV
Minimal requirements are placed on the

>

; . ® 1% ATLAS Preliminary ~ * Data =
Inclusive search for non-SM production & | e fuciew  Stereomn
of two prompt, isolated SS muons £ oL gt it §
Selection: SS pu: 2 isolated p with 5 E

non-muon related activity in the event. A,
The data are found to agree well with 7o a0 300 @0 506 %00
the background estimate. _ | e
“j- ATLAS Preliminary = observed 3
. . : Jrazrew Mo ]
95 % confidence level upper limit on T ok osesize
a(non SM prompt SS mm production) 33;
ranges from 303 fb for M, >15 GeV to & oo
8 b for M,,>300 GeV v
for fiducial region = 100 A
NExXT, Nov 2011, QMUL Tracey Berry (RHUL) ATLAS-CONF-2011-126 29



BR(H™ — pp)

Select: two high p; SS p
Examine: dimuon invariant mass distribution

No evidence for resonant production of such
dimuon pairs is found respectively.

95% C.L. :
o(pp — Ht+)x BR(Ht+ — pxpt) <13 -1.6fb
for 100 < M., <400 GeV

MassE

HRiiB <295 GeV
ass

H t£) <375 GeV

I

0.9 B observed 95% CL imit
0.8 m— Expected 95% CL limit

------ Expected limit + 16

W left-right symmetric

W] models, and assuming the
Wl Drell-Yan production %
Y| Mmechanism

P I T T BT
300 350
H™ mass [GeV] racey Berry (RHUL)

T R R
200 250

Production in Like-sign Muon Pairs

Dimuon pairs / 10 GeV

—_—
Q

Data / bkg

o(pp — H* HH)x BR(H™ — p* u*) [fb]

—_
o
o

T IIIIIIII 1T

—_
o

Doubly Charged Higgs Boson

“

ATLAS Preliminary J.Ldt =16f"

—_

e Data
[ | Non-prompt pn
Il Diboson

— H™ (150 GeV)
— H™* (200 GeV)
— H* (300 GeV)

ny

—

10}

— =t Observed 95% upper limit
- -=--e---- Expected 95% upper limit

[ 68% of Pseudo-Experiments
95% of Pseudo-Experiments

—_
TTT

———— T
ATLAS Preliminary

JLdt =1.6fb"

SERRER | eft-handed H™ production, BR(HF—p*u®)=100%
B8 Right-handed H™ production, BR(H —u*u®)=100%
P B R T

I

10_1\||\|\\|\||||
100 150 200 250

ATLAS-CONF-2011-127
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q

= Search for events that contain no
identified Z—{+{— decays.

= Very low expected background,

= S0 even a small number of such events
would be of interest.

= After selection: SM Expectation:
0.7+13, ¢(stat) *0° _, < (syst) events

= (Observed: no events

= Using doubly-charged Higgs production as
a benchmark model, upper limits are set
on a fiducial cross-section for four-lepton
production of 4.7 fb.

NEXT, Nov 2011, QMUL Tracey Berry (RHUL)

Doubly Charge Higgs Production:
with Four Charged Leptons

Events / 2 GeV

102

70 20 100 110

First Dilepton Pair Mass [GeV]

120

ATLAS Preliminary —@— Expected limit at 95% CL
—@— Observed limit

[ Expected limit + 10

BR(H™ = I)=1/8, I=e it Expected limit £ 2

ILdt =1.021b' Vs=7TeV

=== Singlet theory

o(pp — HH) [fb]

=== Right Handed/Doublet theory
.
1 02 ‘. -=--- Left Handed/Triplet theory

100 150 200 250

300
m, . [GeV]
Same paper as RS G*—ZZ —llll search
ATLAS-CONF-2011-144 31



o x.A [pb]

Dijet masses up to ~4 TeV are
observed in the data

No evidence of resonance production

over background is found
95% CL for

M(excited quarks) excluded<2.99 TeV
M(Axigluons) excluded <3.32 TeV,

M(colour octet scalar resonances) <1.92 TeV

Axigluon/Excited Quarks

4§_ %

Events

significance
o N

“

|  ATLAS =
e Data
— Fit

Ny =7 TeV
[Ldr=1.01b"

N
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——— <8
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s Expected 95% CL upper limit
68% and 95% bands -
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C g ] a
10°k A E < 10°F
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Conclusion

= LHC is working very well
= ATLAS detector is efficiently collecting data

= We are searching for New Physics — probing the highest
energies directly accessible at the LHC

= distributions so far consistent with SM expectations

= set limits of particular models and model-independent
limits

= previous limits substantially improved

= \We now have more than 5fb-1 of 2011 data, so more
exciting results from ATLAS to come...

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/ExoticsPublicResults
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Thank you
for inviting mel
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,% Extra Dimensions: Motivations [T

! ENRR
Jb oo I

In the late 90's Large Extra Dimensions (LED) were proposed as a
solution to the hierarchy problem Mgy (1 TeV) << Mg, (10*° GeV)?

N _ . Randall, Sundrum,
A . D Arkani-Hamed, Dimopoulos, Dvali, H s Phys Rev Lett 83 (99)

Phys Lett B429 (98) 1 h hl d ED
a ighly curve
Many (8) large compactified EDs Gravity localised in the ED

In which G can propagate
Planck TeV brane
Mp® ~ RBMPI(4+6)(2+6)

Effective M ~ 1TeV - if
compact space (R?) is large

/\T[= M;Ie_chT[
N~ TeV
if warp factor kR, ~11-12

NEXT, Nov 2011, QMUL Tracey Berry (RHUL) 35



; Signatures of ED "

e Large Extra Dimensions (ADD)

e KK Graviton Direct Production - Missing E; signature
Single jets/Single photons + missing ET

Emission

e KK Graviton Exchange - Drell-Yan o S°
Di-lepton, di-jet continuum modifications Z S et

J'et(s)'é/FT
ADD T
e Randall-Sundrum Model

e KK Graviton - TeV resonances
Exchange

Di-lepton, di-jet and di-photon resonances G
Diboson resonances 7$§"W§\/
| a.q f

e TeV-1 Model
e KK Gauge Bosons (Z,,) (also W) ADD RS TeVl
Di-lepton resonances

36
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Arkani-Hamed, Dimopoulos, Dvali, phys Lett B429 (98), Nuc.Phys.B544(1999)

(Many) Large flat Extra-Dimensions (LED),
could be as large as a few um

G can propagate in ED

SM particles restricted to 3D brane

G

The fundamental scale is not planckian: Mp= Mp 4,5 ~ TeV

Model parameters are:
= 3 = number of ED

Mp? ~ R*Mpy(4.45)°

= Mp,(4+8) = Planck mass in the 4+ dimensions

Signature:

% Real graviton emission: in association with a

vector-boson

jets + missing ET, V+missing ET
+Or deviations in virtual graviton exchange
e.g. Excess above di-lepton continuum

NEXT, Nov 2011, QMUL
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Extra Dimensions: A 'D Model

102
2
O 1
=
G

“

" Broad increase in o]
F due to closely
spaced summed-
over KK towers ;

"CDF Run I

A=+1
II|I|||'(II|III

M,

200 400 600 800 1000



RS Model

1 extra
warped
dimension

Signature:
Narrow, high-mass resonance states in
dilepton/dijet/diboson channels

Model parameters: — e
. : . NF=M e"Rn
Grath Scale._ o pl Resonance
1st graviton excitation mass: m;— position
A= miMy/kx;, & m,=kx e<<(J;(x,)=0)
e Coupling constant: c= k/Mj,

k = curvature, R = compactification radius

NEXT, Nov 2011, QMUL

Tracey Berry (RHUL)

m
@

G, -ete"
> 20
|} -
gw 100 fb! [ |stgnal
"Em MG=1'5 TeV _
i) k/Mp=0.01 S
12
10 > A
A
8 A
6 -
4 4 4
2 =
o 2 R B ] B B

1500 1520 1540
e'e” Pair Mass (GeV)

1460 1480

nepr-=>»

Best channels to search in are
G(1) - e*te- and G(1) - yy due to the
energy and angular resolutions of
the LHC detectors

G(1) - e+e- best chance of discovery
due to relatively small bkdg, from
Drell-Yan

Allenach et al, hep-ph0211205 Allenach et al, hep-ph0006114
38



RS1 Discovery Limit

; BR(G->vy) = 2* BR(G->ee/up)
gﬂ Reach for e and y is comparable for low coupling and G
_: mass due to the QCD and prompt photon bkgds in the yy

channel which are harder to efficiently suppress pp
channel trails ee chanel due to resolution

< 60 fb! LHC completely covers the

10

0.5 1 1.5 2 2.5 3 3. 4

Gr'avhnn Mass (TeVie) r‘eg l O n Of l nTCrZST
+y 4=
Gi- U Gi-YY
T 1 "
2 CMS Discovery Limit of ]
= . G—>pp o B
=2 Randall-Sundrum Graviton E ;
0.1 10" g IRyl < Mg 101l 30W
i [ o =
allowed region - o .Z :
B = ]
3 i
B o H
I Q |
Ax<10 TeV, ith :1.Ofb'1,

Discovery Limit of
Randall-Sundrum Graviton
Gy

4 u

; p CMS - Full simulation
T T T T T T T
500 1000 1500 2000 2500 3000 3500

and Reconstruction

] Gravilon Mass, Ge\V/c® M (TeV/c?) -"u.a 1 -l1.5 P T '«1"':4!5“"5
¢>0.1 disfavoured as bulk curvature becomes Graviton Mass (Tevic)
to large (larger than the 5-dim Planck scale) CMS PTDR 2006
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Sensitivity: 10 Signal Events

= D. Olivito’s PLHC 2011 talk, June 10 2011

Luminosity [pb]

NEXT, Nov 2011, QMUL

E T T T T | T T T T | T T T T | T T T T —

= ATLAS Preliminary (simulation) B

A 10 events Z'— ee,uu u |
10" & P =
107 =
, B o7 TeV )
102 N
- _. = 8TeV -

— e —

B 4 9TeV i

| | | | | | | | | | | |
0.5 1 1.5 2 2.5 3

7' Mass [TeV]

Tracey Berry (RHUL)
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Sensitivity: Limit Setting

'E = T T T T | T T T T | T T T T | T T T T T T T —

= — ATLAS Preliminary (simulation) =

2 - |
2 4| 95%CL Limit Z— ee,uu

£ W =

= - -

3 o —

— ~ _

10° = —

o o7 TeV ]

10 = —

- =38 TeV =

i _ 4 9TeV i

rdl | | el
0.5 1 1.5 2 2.5 3
Z' Mass [TeV]
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RS G*—tt-bar - “

S o t ATLAS Preliminary -

= Search for top quark pair (tt ) § oy A Let-z00p5 —

resonances : lepton (e /u) + jets - .

4 s

SM -

3F | E:

= Same search used as for Z' tt-bar SR [ 3

search 3 i E

= No evidence for a resonance is found. |~ wewo|  E R O T
0 500 1000 1500 2000 2500 3000

= Limits set using the reconstructed tt tf mass

mass spectrum g GLE=TTV o st
= E [ Ldt =200 pb' —— Obs. 95% CL upper limit 3
T E seemeees Exp. 95% CL upper limit
. < I Exp. 10 uncertainty
u 950/0 C-L- |Im|tS On RS mOdE| Kaluza- D:Q 102k I | Exp. 2 ¢ uncertainty |
Klein gluons with masses excluded < < An;a's“;::‘;i‘i“i;“ary
650 GeV °
10F [T E
ATLAS-CONF-2011-087 | TN

i . PRI S T R B IR B
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