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Experimental review of LHC data

Outline:

 Where is the LHC now?

* Laying the groundwork
 Exploring for new physics
 Summary and prospects
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Peak Luminosity [‘1[}33 cm? 57

LHC instantaneous luminosity
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Month in 2010 Month in 2011 Month in 2012

The LHC continues to surprise with its outstanding performance.
2009 — 1%t physics collisions at injection energy late in year

2010 — 1% full year of physics data taking, at 7 TeV E__

2011 — improving luminosity as bunches added to ring; peak 3.65x10%
2012 — further improvements; 8 TeV E__; peak to date 6.76x10%
Design luminosity at 14 TeV = 1034; expect better in future

26 June 2012
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26 June 2012

LHC integrated luminosity
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Month in Year

The LHC continues to surprise with its outstanding performance.
2010 — 45 pb! recorded; 7 TeV

2011 — 5.25 ftb! recorded; 7 TeV

2012 — 6.28 fb! recorded to date; 8 TeV; target for 2012 ~15 fb-!
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Where is the LHC today?

~1/3 of way thru 2"? year of 2-yr run at 7-8 TeV
* Already recorded slightly more data than in all of 1% year
* Expect to quadruple 1%t year data sample

Late 2012 — start “long shutdown 1”
* for magnet “consolidation” (replace splices)
e until Autumn 2014

Return to operations in late 2014
* train SC magnets for 13-13.5 TeV
* prepare for full design luminosity (and more)

26 June 2012 Andy Lankford - GGI: “What is v?” - Firenze, 2012



The experiments

ATLAS 2 .

25m

LAr hadronic end-cap and
forward calorimeters

Muon chambers Solenoid magnet | Transition radiation fracker

Semiconductor fracker

* Goal — detect all particles produced in each pp collision

* The experiments detect, identify, and measure physics objects:
e, U, T, 7, jets, b-jets, v (missing E,)

* The experimental conditions are somewhat challenging.
» ~10° interactions/sec — ~10? recorded/sec (select ~1 per 107)
* ~103 readout channels; radiation tolerance; limited access, etc.
* ~50pm point precision over ~ 50m detector; (~5um near vertex)
* Multiple interactions per crossing.

26 June 2012 Andy Lankford - GGI: “What is v?” - Firenze, 2012
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Event pileup - multiple interactions per crossing
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Improving electron id for high pileup
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miss

Improving missing K. measurement
for high pileup

[GeV]

E™S* Resolution

E
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Pile-up suppression STVF+JVF

ATLAS Preliminary
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LHC physics

4 major experiments: ATLAS, CMS, LHCb, ALICE
(I will focus on ATLAS & CMS, for their interest to today’s theme.)

Rich physics program: CMS physics groups (ATLAS very similar):

Forward & small-x QCD physics Higgs physics

B physics & quarkonium Supersymmetry
Standard Model physics Exotica

Top physics Heavy ion physics

ATLAS & CMS each have published >150 papers by this time.

I must select just a few topics to report here.
All results will be based on 2011 data at 7 TeV, often less than the full 5 fb-!
There will be many new results next week at ICHEP:
many more 5 fb-! analyses,
some 2012 8 TeV analyses (even some w/ data recorded thru last Monday)

26 June 2012 Andy Lankford - GGI: “What is v?” - Firenze, 2012 11



SM processes are backgrounds to many searches

26 June 2012

Standard Model is being studied and tested in detail.

CMS

a E = |
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) — 5211 O : —— theory prediction .
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JHEP10{2011)132 PLB701(2011)535 CMS-PAS-EWK-11-010  CMS-PAS-HIG-11-025

CMS-PAS-EWK-10-012

Agreement of theory & experiment illustrates quality of:
* Theoretical background calculations/models

* Understanding of detector performance
Andy Lankford - GGI: “What is v?” - Firenze, 2012
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Top is also a background to many searches

J— 15 May 2012

ATLAS Preliminary heory (sporo NLO)
for m, = 1725 Gely = _
Data 2011 et uncertainty Top pair qoss—s.ectlons
—— total uncertainty measured in all important
Channel & Lumi. o ; =[stat) £(syst) +({lumi)
modes.
Single lepton  0.70 o ———— 179+ 4+ 9+ 7 pb
Dilepton 0.70 fb" et 173+ 6 !}] "7 pb Differential cross-sections
All hadronic« - « 167 218=78+ 6 b d H
Combination — 177+ 3 5= 7 pb
New measurements
T, + jets 1.67 fb” g 200+ 19=42+ 7 pb
1,4+ lepton  2.05 fb” a 186+ 13=20+ 7 b
All hadronic - 168 + 12 _*.f:f; + 6 pb
475" | | | |
50 100 150 200 250 300 350

o [Pb]
1
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Searching for the SM nggs

= 10

Wide continuous 95% CL exclusion “‘E
range at high mass S
E

ATLAS: 129-539 GeV 3
Expect 120-555 GeV 2
CMS: 127.5-600 GeV o

Expect 114.5-543 GeV
10] CMS Preliminary, \s = ?’TV T 1
L=46-4.8fb" o | B Expected (68%) 110

------- Expected (95%)

95% CL limit on 6/,

26 June 2012

T300 400 500 60
Higgs boson mass (GeV)

Andy Lankford - GGI: “What is v?”

g ATLAS Prellmlnary | o é011 i:)étl:;ll g
B — QObs. . _
i -~ EXp. J Ldt = 4.6-4.9 fb i

Et1o \s=7TeV

g CLs Limits

700 200 300 400 500 600
my, [GeV]
Even at 99% CL, exclude:
ATLAS: 130-486 GeV
CMS: 129-525 GeV
- Firenze, 2012 14



Searching for the SM nggs

b
©

Low-mass range below 130 GeV s 10
some excesses In data “spoil” =
expected exclusions =
&)
ATLAS exclude at 95% CL—> &

110-117.5 and 118.5-122.5 GeV > 1

10 - | —'— Cl)blselrv;ed IIIII
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26 June 2012

Higgs boson mass (GeV)
Andy Lankford - GGI: “What is v?” - Firenze, 2012

ATLAS Prehmmary

2011 Data 1

| — Obs. p
- ---- Exp. Ldt =4.6-49fb 3
- +1o 7
- []+2¢ \s=7TeV -
CLs L!m!tS y N - | |
110 115 120 125 130 135 140 145 150
my, [GeV]
CMS expected exclusion at 95% CL
114.5 up to 543 GeV
Experiments have now doubled their
data samples. Will excesses grow or
diminish?
15



New Gauge Bosons - Z'

* Searches in di-electrons and di-muons in both CMS & ATLAS with similar sensitivity
» Comparison of data with expectations of: Z'
G” or Gy of Randall-Sundrum; Z', of Stueckelberg extension.

* Experimental signatures are clean
—— AR g A
= ME NIT--

Ru Number: 190975,

2

Event Numbcr: 26669226
Date: 2011-10-13, 23:34:58 CET

. Muonzblue
| Llectron:black
L Cells:Tiles, KMC

Belaskiit:

26 June 2012 Andy Lankford - GGI: “What is v?” - Firenze, 2012
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New Gauge Bosons - Z'

* Searches 1n di-electrons and di-muons in both CMS & ATLAS with similar sensitivity

* Comparison of data with expectations of: 7' of Sequential SM; Z' and Z', of E¢
GUT; G” or Gy of Randall-Sundrum; Z'¢, of Stueckelberg extension.

» Experimental signatures are clean, but Drell-Yan backrounds are irreducible.

o 107 - — ] .
C — e Data 2011
% 108 ATLAS Preliminary %Eﬁ,,
5 Diboson
10 I Ldt=5.0fb" Wi =
10° CIach mulit 2
fe multijet =
3 Vs =7TeV []Z'(1500 G:Jaw =
10 [1Z(1750 GeV) E
102 []Z'(2000 GeV) -

|

1 1 | 1 1 1
100 200 300 1000 2000
m,, [GeV]
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New Gauge Bosons - Z/

* Searches 1n di-electrons and di-muons in both CMS & ATLAS with similar sensitivity
* Comparison of data with expectations of: 7' of Sequential SM; Z' and Z', of E¢
GUT; G” or Gy of Randall-Sundrum; Z'¢, of Stueckelberg extension.

* Experimental signatures are clean, but Drell-Yan backrounds are irreducible.
* Uncertainty on extrapolation of background to high mass limits the mass constraints.

E B 1 I l.'l‘ I 1 ] 1 I 1 I L] I l 1 ] 1 ] I I L] I L] I L] 1 T T
O n A L
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= \\M — zssm
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0% e
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New Gauge Bosons - Z/

* Searches 1n di-electrons and di-muons in both CMS & ATLAS with similar sensitivity

* Comparison of data with expectations of: 7' of Sequential SM; Z' and Z', of E¢
GUT; G” or Gy of Randall-Sundrum; Z'¢, of Stueckelberg extension.

* Experimental signatures are clean, but Drell-Yan background is irreducible.

* Uncertainty on extrapolation of background to high mass limits the mass constraints.
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o~ 10 ] - ' I e B L CMS constraints are

=—®— 095% C.L. limit -
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N 95% expected
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New Gauge Bosons - W'

* Decay channel 1s lepfon + missing E;
* Signature 1s excess above background in transverse mass distribution.
* Dominant, irreducible background 1s W decays.

7 ] I ] I ] I ] ] I ] I ] I 1

% 10 EE | ATLAS | ® Data 2011 ég
>  10°EL , (Jw(500) _
L :E W' — ev [JW'(1000) E;
10° =?ﬁ_LLL \s=7TeV [JwW’'(2000) =

= 1 W -

10 [Lat=104f0" " e

1 03 _g - .ttbar E_

= [[IDiboson 3

10° E QCD =
10k =
1 E
107 E

1 0-2 - o | N

10° 10°

m; [GeV]

26 June 2012 Andy Lankford - GGI: “What is v?” - Firenze, 2012

20



—h
L

W+ v) [fb]
:_«rir-1-r-1-r-rJ AT

New Gauge Bosons - W'

AT

\

95% Observed Limit (Electron)

95% Observed Limit (Muon)

95% Observed (Combined)

95% Expected (Combined)

Theoretical Cross Section SSM W' with K-factor
Theoretical Cross Section SSM W' without K-factor
Theoretical Cross Section for Wy, (u =10 TeV)
Theoretical Cross Section for W“K {u=10.05 TeV)

e 1
.z"* L IRIR 010 RINL
_-

3000

CMS

m(W'y) >2.5 TeV
@95%CL  w/ 5 fb’!
(assuming a light decay neutrino)

ATLAS

m(W'p) >2.15 TeV
@95%CL  w/ 1 fb’!
(assuming a light decay neutrino)

CMS also has limits on:

* W', with & w/o interference

* W'y« for various values of
bulk mass parameter u

ATLAS (1 f6) & CMS (5 tb)
have also studied WZ
production

—
)

1O cMS|

E “ s=7Tev] .

vz ro RN ~

m10? ’ **J.Ldt=5ﬂrﬂ51—3'

o ) ’ E

10
1 E | | | | | | | | | | ‘{, | | | | ] ] ] ] | ] ] ]
500 1000 1500 2000 2500
'
W' mass [GeV]
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Heavy neutrino & right-handed W

Both ATLAS & CMS
* Search in 2/ + 2j

« CMS -5.01fb!—ponly
Left-right symmetric model

qq" — Wg — uN, — u(u Wr') — u(ujj)

« ATLAS -2.1fb!'—eorp
Left-right symmetric model
qq9" — Wg — IN — I(I W) — I(ljj)
Heavy neutrino effective operators
qq' — IN — I([jj)

* Opposite sign [’s for Dirac N
dominant background: t-tbar

» Same sign /’s allowed if Majorana N
dominant background: fake lepton(s)

26 June 2012 Andy Lankford - GGI

— T T T T T T T T T T T T T | T T T T T

% " -« With mixing, ee+up+ep, Expected |
=, - === With mixing, ee+up+eu, Observed .-~ 7
< - == No mixing, ee+uL, Expected ’ -

S — No mixing, ee+u, Observed -
2 ’ ’ ILdt =21fb ]
- ATLAS .
Ns=7TeV |

95% C.L. upper limits on the heavy neutrino and Wy

for the Majorana case in no-mixing and maximal-

mixing scenarios

: “What 1s v?” - Firenze, 2012
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Heavy neutrino & right-handed W

50fb'at7 TeV

A

mm Observed
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15

— 2000 > reimnary,
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i - O, , Expected i C
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) | -
i JLdt =21fo" 1000
- R ] 8004
R B £§
| ee+uu+ep —NN . 600 E.
- s=7Tev N “ : e
I s=/71e Majorana 1 4002
1 1 | 1 | 1 1 1 | | 1 1 1 | : /
% 1 2 3| 200bs
O
mN [TeV] O - | Iﬁ |. [
95% C.L. upper limits on A/No (scale A & coupling o) 1000
as a function of the mass of the heavy neutrino for

00

20

! L
00 2500
M, [GeV.

three different operators in the effective Lagrangian
formalism for the Majorana scenario.

95% C.L. exclusion region for the pu channel as a
function of the mass of the Wy, and the N, for equal

coupling in the L & R sectors and N, as only / decay.
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New Gauge Bosons - W'— tb

* Previous search depends on m(W;) > m(N) for W, — [ N decay.
 W'— tb decay channel is open even if m(N) > m(W5).

* Signature is lepton + > 2 jets + missing E,, with > 1 jet tagged as a b jet.

* Dominant backgrounds are ttbar and W(— [ v)tjets.

26 June 2012

T :q_;_L:q.S. r—Tr—TT ...D;ltall r—r—r—T
2 jets 2-tag ol
_ 1 [ ] Weets
‘[ L_C_!_t =1.041b - Diboson, Z+jets
..E i \S =7 TeV - Single top
: Bl Vultijets

----- Wi (m=1TeV)x1
7/ JES Uncertainty

Events

10§

y,

| - T T
500 1000 1500 2000 2500
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Andy Lankford - GGI: “What is v?” - Firenze, 2012

24



 W'— tb decay channel is open even if m(N) > m(W5).

New Gauge Bosons - W'— tb

* Previous search depends on m(W;) > m(N) for W, — [ N decay.

* Signature is lepton + > 2 jets + missing E,, with > 1 jet tagged as a b jet.
* Dominant backgrounds are ttbar and W(— [ v)tjets.

o(pp—W'_—tb) [pb]

107

102

26 June 2012

CMS Preliminary 50fb"'at \'s=7TeV

- B00s et. al.,, PLB 655 (2007) 245-250
—— 05% C.L. observed ]
------ 95% C.L. expected
[ 10 expected
[ ] £20 expected

BDT Analysis
elu+jets Nb ags >1

800 1000 1200 1400 1600 1800 2000 22

00

W'z Mass [GeV]

CMS analysis using
multivariate techniques:

m(W'y) > 1.85 TeV
@95%CL

ATLAS

m(W') > 1.13 TeV
@95%CL  w/ 1 fb’!

CMS has also performed a search
for W'—td,indg —>tW'— ttd

Andy Lankford - GGI: “What is v?” - Firenze, 2012
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Doubly-charged Higgs - H

Q0|
—

pair production - 4/

9 1

-
u
»
va
a
-
"
-
»
»
u
.,

q VL

associated production - 3/ + v

* Production produces multi-lepton final states, w/ same-sign lepton pairs.

 ATLAS searches (1.0-1.6 fb'!):
e Same-sign p pairs — m(prpe)
* >3 leptons (e, i) — counting, pair
* =4 leptons (e, u) — counting, pair

e CMS searches (4.6 fb'!):

* >3 leptons (e, u, t) — m(5)
e >3 leptons (e, U, T) — counting

CMS mass search is now the most sensitive.

26 June 2012
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Doubly-charged Higgs - H™

etet = 100% |

ety =100%F

et = 100%

||
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T = 100%

+. + )
= 100%
nr ‘ BPn — type-Il seesaw

benchmark points

BP1: normal hierarchy

CMS Preliminary /s = 7 TeV
[0 CMS Preliminary [ £ =36pb ! |
B CMS Preliminary [£=1.0fo !

Bl CMS Preliminary [ £=4.6fo ! |
¢ Tevatron

A ATLAS [£=16fb!

BP2: inverse hierachy

BP3: degenerate masses

BP4: equal branchings
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1 lepton + 4 jets + missing E ;

* Search usually performed in SUSY context
e and oftenas 1/+>3;+ MET

* But consider Type-III Seesaw (fermion triplet)
qq'— 220 — vWt WA — MET+ 4 + [

T L} T l T T L} I L] T T l T L] T I L] T L) I T L]
ATLAS Preliminary e Data 2011 \'s=7 TeV)

> N b
e ATLAS: 4.7 fb! %104? JL a7 é%@?ﬁ%gd(ya?ge;stimate) _?
* 11, pr>25(20) GeV e (p) %103?_ 4-Jet Analysis 5tzi+je|tst E
* >4 jets, pr> 80 GeV EE T BB o
e MET > 250 GeV 10 = et SignlFionbore i cut 2
* m([,MET) > 100 GeV N .

e (scalar) m_(/,.4j, MET) > 800 GeV -

* MET/m > 0.2 'E

* Background: top dominates; W/Z+jets = - EJ ....................................................................................................

* Observe 6 events; Expect 8.3+3.1 g s owr RIS RIIIII NS
* <eo> <1.5tb @ 95% CL - I ——

0 o P ]
400 600 800 1000 1200 1400 ' 1600
mi (GeV]
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26 June 2012

1 lepton + 4 jets + missing E ;

pr(e) =265 GeV

SUATLAS p.(j) = 690, 254, 117, 84, (36) GeV
A EXPERIMENT [N

uuuuuu ber: 190236, Event Number: 94678133

m_, = 1827 GeV
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1 lepton + 4 jets + missing E

MSUGRA/CMSSM: tanf = 10, A = 0, u>0
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Search for anomalous production of multilepton events

Selection N{r)=0 N(t)=1 NiT)=2
obs expect obs expect obs expect
4¢ Lepton Results
4¢ (DY0) Sr(High) 0 0.0010 £ 0.0009 0 0.01 £ 0.09 0 0.18 £ 0.07
4¢ (DY0) S¢(Mid) 0 0.004 £ 0.002 0 0.28 £ 0.10 2 25+ 1.2
4¢ (DY0) Sy (Low) 0 0.04 £+ 0.02 0 2.08 + 0.48 4 3.5 £ 1.1
4¢ (DY1, no Z) S¢(High) 1 0,009 £ 0,004 0 0.10 = 0.07 0 0.12 £ 0.05
4¢ (DY1, Z) Sy(High) 1 0.09 £ 0.01 0 051 £ 0.15 0 0.43 = 0.15
4£ (DY1, no Z) Sp(Mid) 0 0.07 £ 0.02 1 0.58 & 0.26 1 0.94 £+ 0.29
4¢ (DY1, Z) 5p(Mid) 0 0.45 = 0.11 5 41+ 1.2 3 J.4 £049
4¢ (DY1, no Z) Sp(Low) 0 0.09 £+ 0.04 T 5.0+ 2.2 19 13.7T £ 6.4
4¢ (DY1, Z) 57(Low) 2 0.80 £ 0.34 19 1771+ 49 95 G0 £+ 31
4¢ (DY2, no Z) St(High) 0 0.02 £+ 0.01
4¢ (DY2, Z) Sr(High) 0 0.530 £+ 0.34
4£ (DY2, no Z) Sr(Mid) 0 0.20 £+ 0.09
4¢ (DY2, Z) Sr(Mid) 3 7.0 + 3.2
4¢ (DY2, no Z) Sr(Low) 1 24+1.1
4¢ (DY2, Z) Sr(Low) 29 20 + 12
3¢ Lepton Results
3¢ (DY0) Sr(High) 2 1.14 £ 0.43 17 112 £ 3.2 20 225 L+ 6.1
3£ (DY0) Sr(Mid) 3 7.4+ 3.0 113 a7 + 31 157 181 £+ 24
3¢ (DY0) Str(Low) 17 13.5 = 4.1 522 419 £ 63 1631 2018 + 253
3¢ (DY1, no Z) Sr(High) fi 3.5 £ 0.9 10 13.1 £ 2.3
3¢ (DY1, Z) Sr(High) 17 18.7 £ 6.0 35 39.2 + 4.8
3£ (DY1, no Z) S7(Mid) 32 25,0 £ 6.6 159 141 £+ 27
3¢ (DY1, Z) 5p(Mid) =9 102 £ 31 441 463 £+ 41
3¢ (DY1, no Z) S5p(Low) 126 150 £+ 36 3721 2083 £+ 418
3¢ (DY1, Z) 5p(Low) 727 815 £+ 192 17631 15758 £ 2452
Total 4¢ a7 42 £ 13 32.0 321 £ 5.5 124 25 = 42
Total 3¢ 1021 1137 £ 198 22649 19025 £ 2480 1808 2222 4 255
Total 1055 1179 £ 198 22681 19957 4+ 2489 1932 2307 £ 257
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CMS 5!

classify events by:
 # leptons

*HT

# Drell-Yan pairs
whether Z excluded
HyorS;

*Models can be compared
to numbers of events in
all categories.

*Models explored include
RPYV scenarios.

ATLAS >4] 2w

cross-section upper limit
35tbw/oZ, 1.5tbw/Z
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ATLAS SUSY Searches* - 95% CL Lower Limits (Status: March 2012)

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
FPheno model : O-lep + s + E. ...
Gluino med. ¥ (§—> oG ): 1-lep +'s + E; .
GMSB : 2-lep OS__+ E

GMSB : 1-1 +j's +E

T miss

Inclusive searches

T miss

Gluino med. b (§—bbj") : O-lep + b-j's + E, ..
Gluino med. t (g—)tlx Ji1-lep+bs+E; ..
Gluino med. t (g—)ttx }: 2 -lep (SS) +js+E; ..
Gluino med. t (g—>ttx Jomulti-f's + E; .

Direct bb (b — brx )i2bjets + E; ..

Direct tt {GMSB) Z{—>II} + b-jet + E

0 Direct gaugmc {x ;(2 — SIx } 2 Iep S5+ E

T miss

AMSB Inng -lived 11
Stable massive particles (SMP) : R-hadrons

L]
@
2
&
a SMP : R-hadrons
E SMP : R-hadrons
FD:" SMP : R-hadrons (Pixel det. only)
= GMSB : stable T

OO RPVhlghmassep
Bilinear RPV : 1-lep + j's + E
MSUGRA/CMSSM - BC1 RPV : 4-lepton + E; ..

T miss

| I
g=gmass

§=gmass Imr =(0.03-4.7)fb"

gmass (large m,) fs=7TeV
Gmass (m(@<2TeV,lightZ,)  ATLAS
Preliminary

gmass (m(@ <2 TeV., light 7.)

gmass (m(z,) < 200 GeV, m(z') =3(m(z’)+m(@)

g mass (tanfi < 35)

g mass (tanf > 20)

g mass (tanf = 20)

gmass (m(%,) > 50 GeV)

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

7)< 150 GeV)

gmass (m(7,) < 210 GeV)

gmass (m(%,) < 200 GeV)

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

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

7, mass (M) < 40 GeV, 1., m(,) = m(z,), m(I¥) =3(m(z,) + m(z,))
f mass {m(‘ﬂ} < 170 GeV, and as above)

) < 2 ns, 90 GeV limit in [0.2,90] ns)

g mass

gmass (m(

;{ mass (1 <ty

b mass
T mass
g mass

an =0. 10' ;{'312

< 15 mm)

V. mass (4, =0.05)
q=gmass (cT p
g mass

< 100 GeV, mg,= 140 3 GeV)

sgluon mass (excl:m

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

26 June 2012

Andy Lankford - GGI: “What is v?”

1 10
Mass scale [TeV]

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

MSUGRA/CMSSM : O-lep +j's + E; ... g=gmass 1

MSUGRA/CMSSM : 1-lep +j's + E; .. &§=§mass Itdf =(0.03-4.7)fo
5 Pheno model : O-lep + j's + E; .. gmass (m(g) <2 TeV, light f?} ATLAS
g Pheno model : O-lep +j's + £, ., gmass (m(@ <2 TeV., light 7.) Preliminary
£ Gluinomed.z (@ qar'): 1ep + s + Er 1y, gmass (m(7,) < 200 GeV, m(Z") =3(m(% 1+m(@))
;-E GMSB : 2-lep OS__ + E; .. gmass (tanf < 35)
= GMSB : 1-1+js+ ET e g mass (tanf > 20)

GMSBE : 2.1 +j's + ET mise g mass (tang = 20)
GGM:yy +E_ gmass (m(%,) > 50 GeV)

- Gluino med. b (§—bbj") : O-lep + b-j's + E, .. g mass {m{x‘?) < 300 GeV)
:.% Gluino med. t (g—)tlx Ji1-lep+bs+E; .. gmass {m(x‘?) < 150 GeV)
g Gluino med. t (g—)ttx }: 2 -lep (SS) +js+E; .. g mass {m(x‘?) < 210 GeV)
g Gluino med. t (g—>ttx Jomulti-f's + E; . g mass {m(f:]) < 200 GeV)
'E Direct bb (b — brx )i2bjets + E; .. b mass {m{x‘?) < 60 GeV)

Direct tt {GMSB) Z{—>II} + b-jet + E
0 Direct gaugmc {x ;(2 — SIx } 2 Iep S5+ E

tmass (115 {m(f?) < 230 GeV)
_0 _0 ] - _0 -0

T s 7, mass (M) < 40 GeV, 1., m(,) = m(z,), m(I¥) =3(m(z,) + m(z,))

f mass {m(‘ﬂ} < 170 GeV, and as above)

) < 2 ns, 90 GeV limit in [0.2,90] ns)

g mass

AMSB Inng -lived 11
Stable massive particles (SMP) : R-hadrons

SMP : R-hadrons b mass

;{ mass (1 <ty

¥ particles

~REV

RPV : high-mass ey
Bilinear RPY - 1Hep + s + E; e
MSUGRAICMSSM - BC1 RPY - 4-lepton + E; .

E =ﬁ Mass (CT ag < 15 mm)

g mass

v, mass (15,=0.10, 4,,,=0.05)

Hypercolour scalar gluons : 4 jets, mg=m,

sgluon mass (excl:m,, < 100 GeV, m = 140< 3 Gle‘\.n']l
| I T I | [ | L1 11

10 1 10
Mass scale [TeV]

*Only a selection of the available mass limits on new states or phenomena shown
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Extra dimensions

Other

Large ED (ADD) : monojet
Large ED (ADD) : diphotan

RS with k/M_, = 0.1 : diphoton, mrr

RS with k/M, = 0.1 : dilepton, m,

RS with k/M, = 0.1 : ZZ resonance, m,, .
RS with g Ig =-0.20 : tf — I+jets, m

ADD BH (M7 ,=3) : multijet, p_ NEIJ

ADD BH {MTHIM' =3) : SS dimuon, Nch_ part
ADD BH (M., /M =3) : leptons + jets, Ep
Quantum black hole : dijet, F (m,

qqll Cl : ee, pu comblned, m"

uutt Cl : 33 dilepton + jets + ET miss
__________________________________________________________________ ssM 7

4% generahnn Q, 'Cf — WqWg

4" generation : u U — WbWhb

4" generation : d H — WiWt

New quark b’ : bB'—' Zb+){ m,

+ + +

“*“E“xc@ctflqugr‘ig Y1J|;tEEas€I)ﬁEHGGEli
Excited quarks : dijet resonance, m;
Excited electron : e-y resonance, m,.

Excited muon : p-*,r resonance, m

Techni-hadrons : WZ resonance (vlll}, m:wz
Major. neutr. (LRSM, no mixing) : 2-lep +jét5
Wy (LRSM, no mixing) : 2-lep + jets

H* (DY prod., BR(H“—mp} 1) : 85 dimuon, m.,

ColﬂroctaLt scalar : dijet resonance, m
Wector-like quark : CC, mqu

ATLAS Exotics Searches®

- 95% CL Lower Limits (Status: March 2012)

L=4.9-5.0 6" (2011) [ATLAS-CONF-2012.007]
L=1.0 b7 (2041) [1108.1318]
L=1.0 b7 (2011) [1112.4828]
L=1.01b™ (2011} [Preliminary]
L=1.0b" (2041) [1202.3389]
L=1.01b" (2011) [1202.3076]

EB0 GaV

Ga5 GaV 2"'EI
250 GaV Q4 mass
404 GeV U, Mass

asoGev d, mass
400 Gev | D' mass

L=1.01" (2011) [Freliminary]
L=2.01h" (2011} [Preliminary]
L=1.01b" (2011} [1109.4725]

H " mass

Q

Graviton mass

1 gen. LQ mass

azo e T mass (m(

prmT mass {m(prmT}
p, mass (mip ) =m(m,) +myy, mia)=11mip )}

Mp (8=2)
M - (GRW cut-off)
Compact. scale 1/R (SPS8)
Graviton mass
Graviton mass

ATLAS

Preliminary

JLdf = (0.04 - 5.0) b’

KK gluon mass [s=7TeV
M, (6=6)
M (6=6)

My (8=6)

A
A (constructive int.)
A
221 TeV 2 mass
245Tev W' mass

gen. LG mass

A) < 140 GeV)

qQ* mass

g* mass

" mass (A = m{e”))
W mass (A = mii™})
-min;) =100 GeV)

M mass {m(WR) =2 TeV)
W mass (m(N) < 1.4 GeV)

Scalar resonance mass
Q mass (coupling ko = v/mg)

mass (coupling kg """”"o]'
| L9

*Only a selection of the available mass limits on new states or phenomena shown
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2009
2010
2011
2012
2013
2014
2016
2018
2017
2018
2019
2020
2021
2022
2023

20307

o

g LHC plans A

LHC start up, & = 900 GeV

&=7-8TeV, L=6to840 cms bunch spacing 50 ns

Go to design energy, nominal luminosity

& =13-14 TeV, L = 1+10°cm’s! bunch spacing 25 ns
(likely to be more)

Injector & LHC Phase | upgrade to full design luminosity

=14 TeV, L = 210 cm’s! bunch spacing 25 ns
(likely to be more)

HL-LHC Phase-2 upgrade, crab cavities?, IR

& =14 TeV, L = 510> cm’s' bunch spacing 25 ns
Plan for 50% more

~25fb!
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Summary

LHC is midway in its first long successful run.
* The accelerator and experiments are performing extremely well.

Standard model and Top are measured and understood.
Modeling of backgrounds is excellent.

Searches for excesses beyond SM being performed in many channels.
* No significant excesses observed (yet)
* Results expressed as:
* (fiducial) cross-section limits,
* limits on new particle masses in specific models.

Expect limits on new physics to improve
increased statistics (this year, and after)
increased energy (in 2015) — a doubling!
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