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Introduction

Standard Model has survived decades of experimental tests |

A
- -

« But there must be something more... e
« The LHC provides access to a new energy frontier E

» And so the opportunity to search for physics beyond the
Standard Model (BSM)

« ATLAS and CMS are general-purpose detectors designed
to carry out these searches

Ea
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Detectors

Muon Detectors Tile Calorimeter Liquid Argon Calorimeter

ATLAS
° r:llm,l_:45m17ktons
. 2 T Central SOIenO|d .........................................................................

« 3 outer toroids enable standalone .—
muon reconstruction

* 3000 scientists
— 1000 students

Toroid Magnets  Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker

Different scales b v R ‘°“fiﬂ“
CMS ,

e r=75mL=29m
« 4 T central solenoid
— Calorimeter inside

2600 scientists
— 850 students

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

Total Weight *°°: 14,500 1.

Overall diameter: 14.60 m
Overall fangtn "> 2180 m
Magnetic field : 4 Tesla
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Beam conditions in 2011

ATLAS and CMS results shown here D 4sE ATLAS Online Luminosty \a-7Tev -
« Mostly based on the 7 TeV collisions 5 a4 y ka‘:?‘j;[: E’m"‘ w e
recorded taken.in 2011 o 35 N ” J‘,i‘- E
=  3F K o
- More than 5 fbt for each experiment T : 3 E
4] e § . _Z
. Lum|n05|ty increased during the year z o {;5_. . E
— Maximum was 3.5 x 1033 cm2s? 2 15[ 4 =
E L \ ViR . E
. MuItlp,l@..mteractlons..pgr beam crossing  J ;f e ;
..... - Average more than 10 N IR SN
---------------------------------- 28102 02/04 05/05 08/06 11/07 14/08 16/09 20/10 22/11
+ Outstanding LHC performance Day In 2011
- L : 7;IA‘TI‘J‘\éIOnI‘lnIeII_‘ulmlln‘os;tylH\.I_HT‘T‘e\I/ IIII ;
g 10*E ATLAS Online 2011, \'s=7 TeV ILdt=5.2 o “g - [ LC Delivered ]
2 10° — B*=10m, <p>=11.6 8 6= [ AtLAS Recorded F
o = C
£ — pr=15m<pu>=63 E 50 Total Delivered: 5.61 b
3 = - Total Recorded: 5.25 fb™
3 E 4—
B o F
3 g  3F
o £ C
102 g 2=
O C
10° i 1
2 4 6 8 10 12 14 16 18 20 22 24 0 e T 3
Mean Number of Interactions per Crossing 28/02 30/04 30/06 30/08 31/10
Day in 2011
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Physics objects

J Jet Cluster in EM and hadronic calorimeters (and inner tracker)
Y Photon EM cluster without matching track
Electron EM cluster with matching track
1l Muon Matching tracks in inner and muon trackers
T Tau lepton Narrow jet with matching track(s)

MET Missing E; pT required to balance all of the above (and more)

I 1 I I 1 1 1 1
om im Im am 4rm 5m am 7m

Key:
Muon

Electron

Charged Hadron (e.g. Pion)
— = — = Neutral Hadron (e.g. Neutron)
----- Photon

Electromagnetic I é
}! ] '] Calorimeter ;
Superconducting _7_ E
Calorimeter Solenoid g
[ Iron return yoke intersparsed g
Transverse slice with Muon chambers.
through CMS du)js
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Searching for BSM physics

List of physics objects is extended by combining the previous ones:

b B-jet Jet with displaced secondary vertex (or lepton tag)
W  W-boson [+MET or dijet with m=80 GeV Either leptonic or

: . : _ hadronic channel.
Z Z-boson OS dilepton or dijet with m=90 GeV Boosted jets may be
t Top quark  W+b, m=175 GeV used for the latter.

Search for BSM physics signal
» Define event selection based on above objects and their kinematics
« Combine Monte Carlo prediction of signal with
* Monte Carlo and data-driven standard model BG estimates

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

........................
.........
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Scope of this talk

Although relevant to BSM searches, the following are not included:

Standard Model measurements
— Jan Kretzschmar (Wednesday)

Top quark properties
— Pedro Ferreiera da Silva (Friday)

B-physics results
— Jochen Schieck (Tuesday)

Search for the Higgs (by any name) and other scalar bosons
— Sandra Kortner, Marco Pieri (Wednesday)

Supersymmetry (including many long-lived particle searches)
— Sridhara Dasu (Wednesday), Steven Lowette (Thursday)

CDF jj resonance in Wjj (see backup)

Focus is on what both collaborations call Exotic physics

New gauge bosons

4™ generation quarks

Composite objects

Extra dimensions (graviton, black holes,...; notation in backup slides)
And more...
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Results

Results are summarized on the following pages

Organized by final state
e Latest results are shown from both ATLAS and CMS

* One or a few representative plots for each analysis
— Typically the final limit plot
« Link provided to the paper or collaboration note describing the result

Mostly based on 2011 data

For details and more results, see the collaboration pages:
« https://twiki.cern.ch/twiki/bin/view/AtlasPublic
« http://cms.web.cern.ch/org/cms-papers-and-results
* Or do a web search for “ATLAS results” or “CMS results” to find these pages
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Dijet resonance

ATLAS and CMS search for dijet resonances

« Signature for many BSM models

— string balls, GUT diquarks, excited quarks,

axigluons, W’, Z’

—_———q

A

o xA [pb]
2
\

ATLAS search in 1.0 fb? BN
- Mass limits: 1:) AN

- mq* > 2.99 TeV N
Maxigiuon > 3.32 TeV

F —e— Observed 95% CL upper Iimitg
AN s Expected 95% CL upper limit
68% and 95% bands 3

ATLAS
[Lar=10f"

A

- mgg > 1.92 TeV
« Gaussian limits varying o
« Phys. Lett. B 708, 37 (2012)

E.
1000

CMS search in 1.0 fb'1
 Mass limits:

.......
-------
...............
...............

« Phys. Lett. B 704, 123 (2011)
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----- Excited Quark
Axigluon/Coloron
1 E; Diquark —
F N W 3
B Y z ]
C K RS Graviton ]
107 E
L CMS (1.0 ib™ N
L Vs=7TeV ]
| Il<25,lanj<1.3 ]
95% CL Upper Limit \
102 E —& Gluon-Gluon %, 5 =
[ —— Quark-Gluon = o
[ === Quark-Quark \Sﬁﬁﬂéﬂj
11 | | ‘ I ‘ 1111 | | ‘ 11 I" Il ‘ 1 11 | \‘-'
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http://dx.doi.org/10.1016/j.physletb.2011.09.015
http://dx.doi.org/10.1016/j.physletb.2011.09.015

Dijet angular distribution

Additional BSM sensitivity
 BSM signals are typically central

« Search variable is x = el¥2=1l: Flat for
QCD, peaks at small values for BSM

ATLAS search in 36 pbt
« 2010 data
 New J. Phys. 13, 153044 (2011)

CMS results are based on 2.2 fb!
« CMS EX0-11-017
o arXiv:1202.5535 (submitted to JHEP)
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E.E, 0.4 0 e0m <2"D¢\:l':_l:l¢l- |I-l:l l..|E
= 0.25 " 1
0.2 | ! * .
& ]
018 —r—a— = : 5
U ‘ T i x = .
0.05 - o —
ob— . . ... ATLAS
1 10
PLRA
£ 022F o
_5.:" ¢ cMS Preliminary g""a
- — I QCD prediction
<. 0.2} s =
8 L \Ls_ 27;::: — — Al =7 TeV (NLO)
2 0.18— I — Alums =7 TeV (NLO)
o - | M >3.0Tev *
B 016 e ALURR=TTEV(L0)
e F ; = A mr =7 TeV (LO)
= 014y Aya =T TeV (LO)
0.12F i Ay =7 TeV (LO)
0.1+
0.08
0.06
0.04 -
0.02
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arXiv:1202.5535

Dijet pairs

ATLAS search in 35 pb-!
2010 data
Excludes
— Hyperpions for (100, 155) GeV
— Scalar gluons (100, 185) GeV
— Both except for window near 140 GeV

EPJC 71, 1828 (2011)

CMS search in 2.2 fb1

Difference between jet ), p; and average
dijet mass is used to suppress QCD BG

Trigger requires jet ). pr > 200 GeV or 4
jets with pr > 70 GeV

— Efficient for mj; > 320 GeV
Limit on oBA as function of mj;

Limit: coloron m > 580 GeV
CMS PAS EXO-11-016
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95% CL Limit o x BR [pb]

10*

—
o
W

T IIII\II[
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> ]
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[7,]
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20

—— Scalar-gluon
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http://dx.doi.org/10.1140/epjc/s10052-011-1845-5
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Transverse energy (scalar sum)

ATLAS and CMS look for events with ¥ oo amas oy .~ GL, Observed| ]
large transverse energy Joash  Justew' LGl Expected |-
- Set limits on microscopic black holes or <oz, oo MoLtte |
string balls (extra dimensions) gors|- R
— See papers for exclusion plots ; o1 .
 Model independent limits also provided g oo E
oty o b b b b b o Y
L) T
ATLAS search in 1.0 fb! R
« Acceptance includes lepton trigger Za 1ok CMS Preliminary ~ a)
= = e — =1
- ATLAS-CONF-2011-147 N \s=7TeV, 4.71b
uj;“ = N N=2 Observed
T E WO mmmm Expected + 1o
: : SO T GiRened: 2010 data
CMS search in 4.7 fb? B N> . — - Expected, 2010 data
. . = \__:__'_;—_—_._.___
 ADD limits E
. 2010, 35 pb™
— Black hole m > 3.8 — 5.2 TeV L
— String ball m > 4.6 — 4.8 TeV 10
 arXiv:1202.6396 (submitted to JHEP) i 20m, 4710
10°
- I20:30I I30|00‘ — I4D|DO‘ I I_ I50‘00
S (GeV)
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https://cdsweb.cern.ch/record/1390798/files/ATLAS-CONF-2011-147.pdf
https://cdsweb.cern.ch/record/1390798/files/ATLAS-CONF-2011-147.pdf
https://cdsweb.cern.ch/record/1390798/files/ATLAS-CONF-2011-147.pdf
https://cdsweb.cern.ch/record/1390798/files/ATLAS-CONF-2011-147.pdf
https://cdsweb.cern.ch/record/1390798/files/ATLAS-CONF-2011-147.pdf
https://cdsweb.cern.ch/record/1390798/files/ATLAS-CONF-2011-147.pdf
http://arxiv.org/abs/1202.6396
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Dilepton resonance

ATLAS and CMS search for dilepton resonances

« BSM signatures include Z', gravitons T F T
: = ATLAS Preliminary -
and technihadrons o L b -+~ Expected limit
b E \s=7TeV  puExpected+ 1o
E Al Expected+ 2¢
ATLAS search in 5.0 fb1 10" g et
- Both ee and py channels ; —Z
e Limits: 3 '
— SSM: my, > 2.21 TeV -
107
~ RS1 graviton, - = 0.1:mg > 2.16 TeV oo [ Lat=aot
Pl L s | Ldt=5.01"
. ATLAS-CONF-2012-007 104 wfugssow | N
0.5 1 1.5 2 25 3
m [TeV]
CMS preliminary, | Ldt = 1.1fb™ ot
CMS SearCh in 1.1 fb-l 3 ' YJ | 1} L mediaileeilbicted
(O’B) I o | 68% expected |
Z
« Both ee and pp channels ©B) B o peciad )
Z SSM
e Limits: Z, 1

\ N G, K/M,=0.1
\ BN G, k/M,=0.05
\—— 95% C.L. limit |

— SSM: my > 1.94 TeV
— RS1 graviton, Mil = 0.1:mg > 1.98 TeV
P
« CMS PAS EXO-11-019

0.1

I ; | ; —
500 1000 1500 200
[%eV]
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https://cdsweb.cern.ch/record/1428547/files/ATLAS-CONF-2012-007.pdf
https://cdsweb.cern.ch/record/1428547/files/ATLAS-CONF-2012-007.pdf
https://cdsweb.cern.ch/record/1428547/files/ATLAS-CONF-2012-007.pdf
https://cdsweb.cern.ch/record/1428547/files/ATLAS-CONF-2012-007.pdf
https://cdsweb.cern.ch/record/1428547/files/ATLAS-CONF-2012-007.pdf
https://cdsweb.cern.ch/record/1428547/files/ATLAS-CONF-2012-007.pdf
https://cdsweb.cern.ch/record/1428547/files/ATLAS-CONF-2012-007.pdf
https://cdsweb.cern.ch/record/1369192/files/EXO-11-019-pas.pdf
https://cdsweb.cern.ch/record/1369192/files/EXO-11-019-pas.pdf
https://cdsweb.cern.ch/record/1369192/files/EXO-11-019-pas.pdf
https://cdsweb.cern.ch/record/1369192/files/EXO-11-019-pas.pdf
https://cdsweb.cern.ch/record/1369192/files/EXO-11-019-pas.pdf

Dilepton high-mass talil
ATLAS and CMS look for non-resonant dilepton S|gnals

« Excess at high mass is a BSM signature

ATLAS has looked for contact interactions in 1.2 fb!

« If quarks and leptons are composite, then their
interaction may be characterized by a
compositeness scale A\

* Limits A > 8-10 TeV are set separately in the ee
and ypd channels, depending on the degree of
interference with the SM interaction

o arXiv:1112.4462 (submitted to Phys. Rev. X)

CMS has searched for extra dimensions in 2.3 fb!

« Signal cross sections are evaluated in terms of
- My - effective Planck scale
- M,.x - max +/s where the effective theory is valid
 ADD limit: Mg > 2.5-3.8 TeV

o arXiv:1202.3827 (submitted to Phys. Lett. B)

Events

6
108 . ——————

e Data2011— A = 3TeV ?

e ATLAS gm’auu s At= 3TV =
. _ o Diboson 4 _ 5Tev o
uu-_[Ldt‘1'21fb B e omv]

10*

\Ns=7TeV

10°
10° .

L .
80 100 200 300 400 1000 2000

My, [GeV]
CMS Preliminary \s =7 TeV, L= {zfﬁ 22
< 4.5 I I I ! l ]
m -
:‘ L
=40 — B
c L
o
E 35 R

25 [

L ) ADD K-factor: 1.3 4
20— —— observed 1
N - Expected i

15:|t||||l|||||t|||| | %
‘ 20 30 40 50 60 7.0

[TeV]

I'T‘IEK
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Same-sign leptons

ATLAS
det=1.6fb" i

ATLAS search of same-sign dimuons in 1.6 fb!

« Limit set on doubly-charged Higgs Production
— Limits up to m > 355 GeV
> depend on handedness and branching
« Also limits on same-sign top and SS generic

o arXiv:1201.1091 (accepted by Phys. Rev. D)

\Ns=7TeV

10

o(pp — H™™H )x BR(H™ — pt p?) [fb]

[ = Observed 95% C.L. upper limit

E --------- Expected 95% C.L. upper limit

- I Expected limit + o

: Expected limit + 20

| e olpp— HH)) BR(H —p'p)=100%
g olpp— H Hy), BR(H;—N‘H‘HOG%

Gl e b e e e

10900 150 200 250 300 350 400

H™ mass [GeV]

ATLAS search for black holes in 1.3 fb1

. . . ;-5 m_,_:4 i _ATLAS '
« Events require to have two like-sign muons < THE: S E =TTV
e e e : .. Mol e S fcdt=13m7"
« Track multiplicity is used to discriminate BG & _
. - ™ | — - Expected limi
- 2D mass limits set on 17 | . Evpected 1o

- My = lower mass threshold for BH production
- Mp = Planck scale in 4+n dimensions 4

rrrrrr Myy =k Mp

e 0 < 0.018 pb in defined signal region
e arXiv:1111.0080 (accepted by PLB) S
;
See also heavy quark searches, SUSY talk gli: {‘ ‘ :
Mp, [TeV]
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Multilepton

ATLAS search of 41 events in 1 fb?!

« Excluding Z, no events
- H++ H ™ >IllllX: O-fid <4.7fb

* Requiring2 Z’s

T T

y T T
", ATLAS Preliminary —e— e assco
" -

o(pp — HH) [fb]

a(pp — G) x BR(G — ZZ) [pb]

[ R T S —
100 1

I LY L L L 1
400 600 800 1000 1200 1400

— RS graviton (ML = 0.1): M; > 575 GeV M (5] M. [GeV]

Pt O oo [ Lo oy ]

® AT LAS - C O N F' 2 0 11 - 144 ; —(-)—s Expectet(:l lmit)a-ll.gﬁ% CL —e— Observed limit ]

. 3103 -Expected limit+1o Expected limit+ 2o _E

ATLAS search of 3-lepton events in 1.0 fb! T R RatitandedToooy - LeksacTory 3

ATLAS preliminary E

« Excluding Z-window
- Two H*"H~~ fiducial regions: o5;4 < (38,14) fb
e v*v* production: o < (41,34) fb for m = (200,300) GeV \g——rr——z——s——0

M- [GeV]
* ATLAS-CONF-2011-158 CMS Preliminary \s =7 TeV, L = 4.7 fo"
: Rl VA
CMS search of 3- and 4-lepton events in 4.7 fb-! Sa00- 4 I
.. . . ©O350F i a3
« Events are classified by lepton flavor (including t,,), 300t B o one ]
T > Fok
multiplicity, and Z mass W250- £ E
- Example Sy distribution at right—many more fgg: ;
distributions and exclusion plots available 100 E

« CMS EXO0-11-045/SUS-11-013 Steven Lowette, ThurSday 50; " |
%200 400 600 800 1§TOP XL
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https://cdsweb.cern.ch/record/1399618/files/ATLAS-CONF-2011-158.pdf
https://cdsweb.cern.ch/record/1399618/files/ATLAS-CONF-2011-158.pdf
https://cdsweb.cern.ch/record/1399618/files/ATLAS-CONF-2011-158.pdf
https://cdsweb.cern.ch/record/1399618/files/ATLAS-CONF-2011-158.pdf
https://cdsweb.cern.ch/record/1399618/files/ATLAS-CONF-2011-158.pdf
https://cdsweb.cern.ch/record/1399618/files/ATLAS-CONF-2011-158.pdf
https://cdsweb.cern.ch/record/1399618/files/ATLAS-CONF-2011-158.pdf
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO11045SUS11013
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO11045SUS11013
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO11045SUS11013
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO11045SUS11013
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO11045SUS11013
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO11045SUS11013
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO11045SUS11013
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO11045SUS11013
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO11045SUS11013
https://cdsweb.cern.ch/record/1388601/files/ATLAS-CONF-2011-144.pdf
https://cdsweb.cern.ch/record/1388601/files/ATLAS-CONF-2011-144.pdf
https://cdsweb.cern.ch/record/1388601/files/ATLAS-CONF-2011-144.pdf
https://cdsweb.cern.ch/record/1388601/files/ATLAS-CONF-2011-144.pdf
https://cdsweb.cern.ch/record/1388601/files/ATLAS-CONF-2011-144.pdf
https://cdsweb.cern.ch/record/1388601/files/ATLAS-CONF-2011-144.pdf
https://cdsweb.cern.ch/record/1388601/files/ATLAS-CONF-2011-144.pdf

Diphoton

ATLAS and CMS search with diphotons | & 01— ]
< i RS 95% CL Exclusion ]

« Clean signal, modest SM BG o ogl ATLASTIReS -

e m,, is signature for extra dimensions: [La Z‘;f;iﬂ

— High-mass continuum for ADD 0.06/- b= 1211 .

— Resonance for RS models - Eeniad _ 1

+ ATLAS Preliminary 0041 B red 20 A arasy

- s 7TeV . —ATLAS ee+up |

R A CMS vy —

0.02— —CDF yy+ee 7]

ATLAS result based on 2.1 fb? “Doymes
« RS1:M;>0.79-1.75 TeV 85 o6 0708 1 12 1416182 24

- ADD: M, >2.3-3.5TeV me [TeV]

o~

Coupling k

* Results combined with dilepton
o arXiv:1112.2194 (submitted to PLB)

B 95° cL Exclusion
I Electroweak 95% CL Exclusion
A, >10TeV

Illlll].lll

CMS result based on 2.2 fb!
- RS1: M; > 0.86-1.84 TeV
« ADD: Mg >2.3-3.8TeV
o arXiv:1112.0688 (accepted by PRL)

1600 1800
M, [GeV]
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http://arxiv.org/abs/1112.2194
http://arxiv.org/abs/1112.0688

Lepton + MET

ALAS and CMS both search for W' — L v

o B [pb]

T I\I\Illl

ATLAS result based on 1.0 fb1 10"
+ SSMmy, >2.2 TeV
« Phys. Lett. B 705, 28 (2011) 102

T WI\IHll

T IIWIHII

T T I
--e-- NNLO theory :
—e— Observed limit |
----- Expected limit -
[ Expected + 1o
Expected + 26

ATLAS

- W —lv
CMS result based on 4.7 fb! 10%L N5 =7 TeV, | Lot = 1.04 " |
« SSMmy,r >2.5TeV 500 1000 1500 2000 2500
« CMS EXO-11-024 Winter 2012 My [GeV]

———— 95% Observed Limit Electron
= 095% Observed Limit Muon
s 95% Observed Combined
. : . T T T T T i T -\ T T T T T T T T T TH — e = 95%, Expected Combined
%105 (_;IMS Prelimilnary l Ew_ EL —j %1 07 CMS Preliminary Ewouy E E——— Theoretical Cross Section with k-factor
o Ldt=47b" — Wy 3 01 06 j Ldt=4.7fb" Wy = RN | e Theoretical Cross Section without k-factor
o 1 04 s= e — W1 = o g = N % mimim = Theoretical Cross Section for W;m (u=10TeV)
ﬁ VW' jeT VV = Diboson E .._N_"] 05 :; _)T“T:v - Dibosen = mmmm Theoretical Cross Section for w'KK (1= 0.05 TeV)|
010° I Top 4 o i o E __ -
= Cpy 3 T¢10 oy E N e CMS Preliminary
D, 2 B Multijet 1 o . 3 N =7 Tek
510 B ets : |_|_>_|1 03 B wuttijet E N\s ] e ;
* Data ] 0 * Data E JLat=a7m
10 — W' (m,,=2.3 TeV) E 1 — W' (m, =23 TeV) %
1 | | - 1 0 _§
£ 1 E |
10" g 5 :
, 210 H -
. § Bl L S
10 ¢ 107 13 1E i
500 1 000 1500 2000 2500 I | 1 1 1 1 | - | //' 1 1 1 | 1 11 1 | | - 1 I""-
M, [GeV] 500 1000 1500 2&00 G :300 500 1000 1500 2000 2500 3000
7 [Gev] W' mass (GeV)
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http://dx.doi.org/10.1016/j.physletb.2011.09.093
http://dx.doi.org/10.1016/j.physletb.2011.09.093
http://dx.doi.org/10.1016/j.physletb.2011.09.093
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO11024Winter2012
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO11024Winter2012
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO11024Winter2012
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO11024Winter2012
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO11024Winter2012

Monojet (jet + MET)

Monojet is a simple and striking signal
High-p+ jet with no object to balance p+

Non-interacting particle created
Main BGisZ —>vv

BSM candidate here is ADD graviton

- qq —~ g9G,qg9 — qG, gg - gG

— Limits set on M, the Planck scale for ngp

extra dimensions

ATLAS result obtained with 1.0 fb?

CMS result obtained with 1.1 fb

Mp > 3.4 TeV for ngp=2

o x A [pb]
I I IIIII|

10"

L L B A B
—— ADD signal: n=2
—— ADD signal: n=4
— = 95% CL Exclusion

ATLAS Preliminary

1500

Mp > 2.3 TeV for ngp=4 g
ATLAS-CONF-2011-096 °

—
e
o

Mp > 3.7 TeV for ngp=2
Mp > 2.7 TeV for ngp=4
Larger with NLO K-factor

10°

CMS Preliminary:
Ns=7TeV. L, =1.1f6"

o (pb)

ADD, 6=2

=== 95% CL Expected limits
= 95% CL Observed limits

Theor. prediction (LO)
Theor. prediction (NLO)

CMS PAS EXO-11-059

T IR A
3.5 4

M, (TeV)

25 3

Update and DM interpretation described by Steven Worm on Thursday.

D. Adams
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- N ™S Preliminary |

Fo Ns=7TeV, L =1.1fb" | ]
ADD, d=4

wweeeeees 95% CL Expected limits
=— 95% CL Observed limits
Theor. prediction (LO)
--------- Theor. prediction (NLO)
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https://cdsweb.cern.ch/record/1369187/files/ATLAS-CONF-2011-096.pdf
https://cdsweb.cern.ch/record/1369187/files/ATLAS-CONF-2011-096.pdf
https://cdsweb.cern.ch/record/1369187/files/ATLAS-CONF-2011-096.pdf
https://cdsweb.cern.ch/record/1369187/files/ATLAS-CONF-2011-096.pdf
https://cdsweb.cern.ch/record/1369187/files/ATLAS-CONF-2011-096.pdf
https://cdsweb.cern.ch/record/1369187/files/ATLAS-CONF-2011-096.pdf
https://cdsweb.cern.ch/record/1369187/files/ATLAS-CONF-2011-096.pdf
https://cdsweb.cern.ch/record/1376675/files/EXO-11-059-pas.pdf
https://cdsweb.cern.ch/record/1376675/files/EXO-11-059-pas.pdf
https://cdsweb.cern.ch/record/1376675/files/EXO-11-059-pas.pdf
https://cdsweb.cern.ch/record/1376675/files/EXO-11-059-pas.pdf
https://cdsweb.cern.ch/record/1376675/files/EXO-11-059-pas.pdf

Z + MET (monojet)

E I L B
CMS result with 4.7 fbt § = :
o /7> (CICI)(VV) —)] + MET % 102; ?E:ﬁzggseew,wra,soz;
. H o E ‘CMS Preliminary E
o mje > 70 GeV, no isolated tracks O f [ armt ety
RS limitsfor G* - ZZ with 1.0 < mg- < 1.5 TeV: 3 1
10 -
- 0B <47-211h g -
L ]
_ k/Mp, < 0.21-0.29 ;
« CMS PAS EXO 11-061 1 =
100 150 200I I ‘ZQO‘ — 3;]0
0.3 T T T [ T T T [ T T T T Leadlng Jet MaSS (GeV)
| CMS Preliminary /|
C ILdt=4.7fb"',\I§=7TeV ] L S A USRS SR
0.25— - S ExpectedLimit ]
boommeee CDF (yy, 5.4/fb) . C JL dt= 47fb", {s=7TeV I 1-sigma band i
: DO (ee,yy, 5.4/fb) : r [] 2-sigma band -
—— G KkM_=0.1
0.2 L ATLAS (ee, 1.08/fb; 1, 1.21/fb) ]
B CMS (77, 2.2/fb | -~~~ 10"
o r cMS :Jel MET, :T.'fb) ] -8-
= 15 - . ~
.32 . L Oblique parameters b D:
L _ m
i ] X
01? - © 1()‘2
0.051 — i ]
= i 105 tiog a0 aosHdo6 " lsoo
Graviton Mass (GeV) Graviton Mass (GeV)
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https://cdsweb.cern.ch/record/1426654/files/EXO-11-061-pas.pdf
https://cdsweb.cern.ch/record/1426654/files/EXO-11-061-pas.pdf
https://cdsweb.cern.ch/record/1426654/files/EXO-11-061-pas.pdf

Monophoton (y + MET)

] ., CMS Preliminary V\s=7TeV
CMS search in 4.7 fb?! g T T
2‘10 E E
« High-p; photon and not much else §107 3
.. 3107k
« ADD limit (qq = Gy): gw 3
9 10%E 5
- MD 2 1.59 - 1.66 TeV for 3 S nED S 6 (-C)Io-as); ;
S E e 3
* Limits on WIMP-nucleon cross section: §:§7 Spin Dependent |
z g —CMS (90%CL)
—_ O-B < 16'18 fb for 1 < MDM < 1000 GeV _7 %:22? 3&3;?:52/8?‘:-) é
> E - SSO 4
- CMS EXO 11-096 =, T Comsnzon |
10-4521 Ll co il |Hf§
1 10 10° 10°
........... . Steven Worm on Thursday WIMP Mass [GeV]
, CMS Preliminary \s =7 TeV “ _
SO T T s b e CMSPreliminary  Ns=7TeV . CMSPrelminay _ \s=TTeV
0] Ldt=4.7fb" o DATA S [ PR S N . e CMS NLO
L EEEE Total uncertainty on Bkg _| — = = i e q (Y"'E )__
E 10 - ‘;y;oevvy 3 g R f"dt_ 4'7 fb S E L J Ldt-4'7 fb - CMS LO (Y"'ET)T 4
GC) - B MisID Photon (MJ) "3 ok : e I CDF (y+ET) i
> 1 y+jets, Wy g % 10 E E E o s \:I Do (Y+E) .
L BeamHalo - - - ‘ T
o f 1 s [ - LEP (1+k)
10" 8 | 5 [P S ‘ |
i ®) — g 1_57 - 2
10F :
10 i : | 3 L !_ '
- -~~~ n=4, Theory NLO =~ —— 95% CL Obs. Limit P T
4 [ ---- n=4, Theory LO — — 95% CL Exp. Limit l ‘—————L
10 - -..-... n=6, Theory NLO [ Exp. Limit = 68% CL L 1 e e
il hg Ly oy eeSSEEESs— ] eeeen n=6, Theory LO ] Exp. Limit + 95% CL 05 | ] | |
200 300 400 500 6YO([)G \7?0 11 i ‘112' 1‘4‘ L '1l6 '1'8- > 3 N4 . fé 5 6.
pT e : : : M umber of Extra Dimensions
ke [TeV]
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO11096
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO11096
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO11096

t-tbar resonance 1/3

ATLAS search of the dilepton channel in 1.0 fb! > :' ' __g
« Low mass—down to 400 GeV b —giiiifgi""::’ﬁ;omewed imi 3
* Limit near m > 900 GeV on the RS KK gluon L N5 =7 ToV )
« ATLAS-CONF-2011-123
L J-Ld1=1.04fb"
CMS search of the electron+jets channel in 4.3 fb! 1?.AT‘:A|S‘Pr‘EITm|in?rY. N T
T B T PR

* Model-independent limits for 1% width:
- oB <251 pbform>1TeV
- 0B <0.62pbform>2TeV

L=4.331b", esjets

m, [TeV]

CMS Preliminary \'s = 7 TeV

D da‘ta-drlven
2251
Wl
!tz 1 TeV/c2
taZ' 1 TeV/c:
=T PVG:
Btnsaadisty
< CMS Data 2011

| g 1
3.5 4
M, [TeVic?]

“g 2000
() C
F 1800
. CMS PAS EXO-11-092 o 1HOE
o 1600
o E
L=4.33 fb", e+jets CMS 2011 Preliminary,\'s = 7 TeV g 1400 :_
=Y CLs method — ted (95% C.L) £ 1200
& 10 = || :ml 10 expected “>’ C
o central 20 expected ° 1000 :_
— observed (95% C.L.) £
@ 3 .- go::ro‘:or Z', 1.2% width, Harris et al. 800 :_
'f 1k --- Topcolor Z', 3.0% width, Harris et al. 600 :_
1} ; 400 —
N C 200F-
e} L . =
107" 0
- a
- [0}
¥la
) S S R R )
1 1.5 2 2.5 3 § o
Z' mass [TeV/c?]
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https://cdsweb.cern.ch/record/1376423/files/ATLAS-CONF-2011-123.pdf
https://cdsweb.cern.ch/record/1376423/files/ATLAS-CONF-2011-123.pdf
https://cdsweb.cern.ch/record/1376423/files/ATLAS-CONF-2011-123.pdf
https://cdsweb.cern.ch/record/1376423/files/ATLAS-CONF-2011-123.pdf
https://cdsweb.cern.ch/record/1376423/files/ATLAS-CONF-2011-123.pdf
https://cdsweb.cern.ch/record/1376423/files/ATLAS-CONF-2011-123.pdf
https://cdsweb.cern.ch/record/1376423/files/ATLAS-CONF-2011-123.pdf
https://cdsweb.cern.ch/record/1423037/files/EXO-11-092-pas.pdf
https://cdsweb.cern.ch/record/1423037/files/EXO-11-092-pas.pdf
https://cdsweb.cern.ch/record/1423037/files/EXO-11-092-pas.pdf
https://cdsweb.cern.ch/record/1423037/files/EXO-11-092-pas.pdf
https://cdsweb.cern.ch/record/1423037/files/EXO-11-092-pas.pdf

t-tbar resonance 2/3

CMS search of the lepton+jets channel in 4.7 fb!

« Leptophobic topcolor Z’ limits:
- my, > 1.3 TeV for narrow resonance
- my > 1.7 TeV for 10% width

* KKgluon: mgy,, > 1.4 TeV

— 3 _l T T | L | .I T .I | T 17T | T T | T T T T T 11 T I_
« CMS PAS TOP-11-009 "é 10° ECMS Preliminary E
= [47fbatNs=7TeV :
o~ L e I i —e— (CLs Observed (95‘3’0 CL} )
-:->‘£ 1400 - CMS Preliminary —e— Data . _T 102 = N
© 4500477 atNs =7 Tev —H = Nk —— CLs Expected (95% CL) 7
o - e, = 3jets, > 1 b-tags [ Single-Top ] o - .
o B B 27711 ((+ fight jets) m + 1o Expected i
e} 1000 — % Vbb+X ] B b
- L Ve(e)+X - X
8 C [ W v (+ light jets) ] X 10 3 - + 20 Expected =
S 800 Jaco — @) = ]
LI>J L —— Z'0.75TeV - — i —=— Topcolor Z' (I''m,=1.2%) ]
N Z'1 TeV i = N N
600 NNN& @000 1 25 Tev . £
- § - 1 5
400 — — — C ]
C 7 QO C N
L _| o B _
200 — — o R i
C ] -
[~ 1 0_1 I L1 1 | L1 1 | L1 1 L | 1 1 | 1 | 1 1 1 11 LT
B00 400 600 800 1000 1200 1400 1600 18002000 22002400 04 0608 1 121416 1.8 2 ”
m. [GeV/c?] m.. [TeV/c?]
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t-tbar resonance 3/3

CMS search of all-jets channel in 4.6 fort 1oz 1% Width Assumption ____GMS Preiminary, 46 7 2 & =7 Tev

. . . a E Observed (95% CL) 3

» Boosted jets with mass pruning x - Expectad (95% CL) i

. .. ‘o . Q10 1 5.4, Expecte =

« Mass drop used in W-jet identification  * = = Bxpocted E

) _— ] DN [ =254 Expected ]

« Leptophobic topcolor Z* limits varying £ - e opeotor : 10.0% width, Harrs ot

the width (e.g. plot at right) = f :

* KKgluonlimit: my,, >14-1.5Tev ~ § ¢ 7" TS

« CMS EXO 11-006 Winter 2012 I ]

1 1.5 2 25 3

tt Invariant Mass (TeV/c?)

CMS Preliminary, 4.6 fb™ Vs =7 TeV
o160 T T T _CMS Preliminary, 460" NS=7TeV_
= 140 3 ss0f E
8 C = 83.0+ 0.7 GeV/ic? ] - .
0 120 = 825: 03Gevir | 300 = E
:_,5 100 f— * Data é 250;_ * Data _;
5 - Il Top ] 200 Ml Top ]
g 80— ] - D W+Jets -
= EW+Jets ] - ]
(I - ] - lacp g
- — Data fit | 100 —
40 L] - e
o -- MC fit 2 E
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Photon-jet resonanc

ATLAS search of the y-jet channel in 2.1 fb!
 Excited quark: mg- > 2.46 TeV

« Generic Gaussian signal:
oBA <5fbform=2TeV

e arXiv:1112.3580 (submitted to PRL)

0 L L I R R R
Z . .| ATLAS \s=7TeV j
© 10 - [Ldt=211f6" 3
w o Zh ® Data 3
10757 — Fit 3
1oL ey ©q05TeV) |
g ‘ AQT(10TeV) 3
102 é_ -3 Q*2.0 TeV) _%
1k .
20 I | . _
L.
> 2f 3
5 O
R b ! ! L
500 1000 1500 2000 2500
m,; [GeV]
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http://arxiv.org/abs/1112.3580

15t generation leptoquark

ATLAS and CMS search for leptoquarks
« Pair-produced particle that decays to lq or vq
— Branching fractions respectively denoted g and 1 —
« Search typically carried out in both llgg and lvgq channels

« Search typically restricted to one generation
— E.g. [ = e for first generation search

1"""'5"""" UL DL L
SRR ATLAS

ATLAS search in 1.1 fb? g
* Using eejj and evjj channels 8
* Limits: é"
- myy > 660GeVforpf =1 C|?|
- myo > 607 GeV for = 0.5

« Phys. Lett. B 709, 158 (2012)

LQLQ — eejj+evjj
J Ldt=1.03fb"

\s=7 TeV

B eejj+evij (Exp.)
— cejj+evjj (Obs.)
Do (54"
----- CMS (36 pb')
Lo T AT AP S A B A BN A AT B A
QOO 300 400 500 600 700 800 900 1000
M q [GeV]

IlllJIIlIIlIllIlIJlIllIlIlllJllllllllllllllllllll
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https://cdsweb.cern.ch/record/1405702/files/EXO-11-028-pas.pdf
http://dx.doi.org/10.1016/j.physletb.2012.02.004
http://dx.doi.org/10.1016/j.physletb.2012.02.004
http://dx.doi.org/10.1016/j.physletb.2012.02.004

nd i
2hd generation leptoquark
- _ """"""""‘L’-‘ S A L L R
CMS search in 2.0 fb? g B oo .0 12 | T
. . . e 10 E‘o‘i‘o‘ozs: Mg-ll‘;l‘l_gix?:)l(:;l-ilc?:FS(SSSbabﬁﬁ;1) L 10§ Q;h}};:):msmwnitftsh:-‘, ?;1:2)(&1/2)5
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° leltS: % | —=— Observed 95% C.L. upper limit E ﬁ o Ubserved 55% .- upper im!
. ] —1:_ ...........
- myy >632GeVforg=1 107 = O
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o CMS PAS EXO'11'028 CMS Preliminary - 10'35 CMS Preliminary
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https://cdsweb.cern.ch/record/1405702/files/EXO-11-028-pas.pdf
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3'd generation leptoquark

CMS search in 1.8 fb1
« Search channel is bbvv

« Uses razor variables
— Designed to search for pairs of heavy particles

e Limit:

CMS Preliminary Vs=7 TeV J- Ldt=18"

—

_mLQ>3SOGer0rB=O ?7\\\‘\\\‘\\\\\\‘\“ T
el [ _
« CMS PAS EXO-11-030 T ]
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& L ]
Q. L i
| 08C ,
— B i
0.7 |
06 ]
DO exclusion (5.2 fb ) i
05 r CMS 95% CL Limit {observed, 1.75f ) |
i - CMS 95% CL Limit (expected, 1.75 fb "1) i
_\ [ L1 L1 ‘ L1 ‘ L1 | L 11 | L 11 ‘ L1 ‘ L1 ‘ [ \_
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LQ Mass (GeV)
7 .
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https://cdsweb.cern.ch/record/1416079/files/EXO-11-030-pas.pdf
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Diboson resonance (1/1)

ATLAS and CMS search for diboson resonances

« Possible decay channel for Z' and W'
— Branching is quite small in the usual SSM

« Important signature for technicolor, e.g. prc— WZ
« Also important channel for Graviton searches
« See also Z+MET, multilepton

a EEE (L L B B L B R
ke B “.‘ N . —8— Expected limitat 95% CL |
] N i ?4(?!'”: 22}“‘4' —8— Observed limitat95% CL |
ATLAS search for ZZ in 1.0 fb? ’}' 10k 5 MM seeccdimisie
E “.‘ Ldt=1.02fb \s=7TeV Expected limit+ 26 E
e ZZ - lllland ZZ - ll]] ) N N RS1 Graviton (K,=0.1)
. RS1 limits for G* » ZZ (k/Mp; = 0.1) & | |
~ mg- > 845 GeV AR -
. . Q) - 3
« arXiv:1203.0718 (submitted to PLB) 1 ¢ .
a | 1
° X
10-1 o b b b e e e b e oy ]
400 600 800 1000 1200 1400 1600
me. [GeV]
See CMS Z+MET search
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Diboson resonance (2/2)

ATLAS search for WZ — lllv in 1.0 fb?
* Exclusionin m,_-m,_plane

« ATLAS Preliminary

CMS search for WZ — lllvin 1.1 fb?
« SSMmy, > 784 GeV
* Exclusionin m,_-m,_ plane

« CMS PAS EXO-11-041
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< 500
8 |~ ATLAS Preliminary
- i 4
éf 400__ _[Ldt =1.02 fb
m, >>m
300 —
200 i Observed Limit with p_ Acceptance _
......... Expected Limit with Py Acceptance -
Observed Limit with W’ Acceptance _|
100~  esesesees Expected Limit with W' Acceptance -
! | =MW _
S
0 —
g ]
£ g
E E
det = 115" ]
CMS Preliminary 2011 {s=7 TeV -
200 %44 95% C.L. limit (exp)
B . 95% C.L. limit (obs)
15 C 1 1 1 I 1 1 1 I 1 11 l 11 1 I 1 1 1 I 1 11 I L1 1 I 1 1 1 I 1 ]
900 320 340 360 380 400 420 440 460
m(p ) (GeV)
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https://cdsweb.cern.ch/record/1377329/files/EXO-11-041-pas.pdf
https://cdsweb.cern.ch/record/1377329/files/EXO-11-041-pas.pdf
https://cdsweb.cern.ch/record/1377329/files/EXO-11-041-pas.pdf
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Excited leptons

ATLAS search in 4.9 fb1
* For ey resonance in eey events or uy in uuy events
« Limits as a function of excited lepton mass m;» and compositeness scale A
 Limits for A = my-: mg- > 2.0 TeV, my» > 1.9 TeV
« ATLAS-CONF-2012-008

S! 14_ LA L B B N BN B B L | l. T .l 1 r ] S‘ 14_ LA L L DL A LI L | l. T .I LI DL L L L B B ]
@ ATLAS Preliminary __ gpeerved limit i Q@ - ATLAS Preliminary __ 5pcerved limit .
< 12 J Ldt=49fb" -e Expectedmit ] < 12[C J Ldt=4.8fb" - - . Expected limit ]
10-_ Sead \s =7 TeV D Expected +1c N 10:_.. \s=7TeV \:’ Expected +1c ]
i : B B me>a :
sl — 8- CDF370pb"  —
o SR < :
4 . af- .
oF e ol R
e et L | R I
0.5 1 1.5 2 2.5 3 05 1 1.5 2 25 3
m.. [TeV] m,. [TeV]
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https://cdsweb.cern.ch/record/1428548/files/ATLAS-CONF-2012-008.pdf
https://cdsweb.cern.ch/record/1428548/files/ATLAS-CONF-2012-008.pdf
https://cdsweb.cern.ch/record/1428548/files/ATLAS-CONF-2012-008.pdf
https://cdsweb.cern.ch/record/1428548/files/ATLAS-CONF-2012-008.pdf
https://cdsweb.cern.ch/record/1428548/files/ATLAS-CONF-2012-008.pdf
https://cdsweb.cern.ch/record/1428548/files/ATLAS-CONF-2012-008.pdf
https://cdsweb.cern.ch/record/1428548/files/ATLAS-CONF-2012-008.pdf

4™ generation quarks (1/6)

ATLAS and CMS carry out many searches for heavy quarks

 Here denoted T and B; or Q for either flavor
« SearchesforT - Wb,B—->WtandT - Zt, T - Agt, B > Zb
— 100% branching fraction assumed for mass limits
« Both single and pair production considered
— Mechanism and cross section depend on Q nature (chiral, vector-like)
« Complicated final states, usually with bosons
« Many searches... 2 [ oot | EoF —prr———
ATLAS search: Qq > Vqq' in 1.0 fb2 1 | =i =
- Bosons decay leptonically =
* Limits: : u 13
- Qq > Wqq': my >900GeV ;’ﬁﬁtwb_;fsﬂfev : ﬁﬁmm“ o
- Qq — Zqq': mgy > 760 GeV R R - S e
. arXiv:1112.5755 (submitted to PLB) g o T
ATLAS search for QQ - (Wq)(W¢q) in 1.0 fb1 £ L Gt
« Both W’s decay leptonically 'é B - E
»  Limit: my > 350 GeV x
« arXiv:1202.3389 (submitted to PRD)
300 320 340 360 380 400 420 440 460 480 500
mg, [GeV]
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http://arxiv.org/abs/1112.5755
http://arxiv.org/abs/1202.3389

4™ generation quarks (2/6)

ATLAS search for TT - (Wb)(Wb) in 1.0 fb1
« One W decays leptonically
 One b is tagged
* Limit: my > 404 GeV
o arXiv:1202.3076 (submitted to PRL)

o(pp— t'T") [pb]

350 800 350 400 "t@’érg;s; ['Ge's?o

ATLAS search for TT — (tAy)(tdy) » 1 X in1.0fbl atLas |
=

e Ay is an undetected neutral particle < de*js‘:;“T*:; 1

« Limit: my > 420 GeV for light 4, 100 ST

« PRL 108, 041805 (2012)

% Obs. Limit (Theory Unc.)

N CDF Exciusion
Excl.ox BRTT-HA A,)
500 550 600
T Mass [GeV]

ATLAS search for BB - (Wt)(Wt) in 1.0 fb?
* Require 1 lepton, 6 jets, high MET
* Dijet mass used to identify W-bosons
« Analysis uses bins in jet and W multiplicities
« Limit: mg > 480 GeV :
« arXiv:1202.6540 (submitted to PRL)

T
ATLAS == Theory NNLO

4 — Observed limit
Ldt=1.041" ... Expected limit

+1o
\Ns=7TeV [ J+20

b

x BR(b'— tW)? [pb]

o

CDF I

ATLAS I

N P B S

300 350 400 451 500 550 600
m,, [GeV]
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http://arxiv.org/abs/1202.3076
http://dx.doi.org/10.1103/PhysRevLett.108.041805
http://dx.doi.org/10.1103/PhysRevLett.108.041805
http://dx.doi.org/10.1103/PhysRevLett.108.041805
http://arxiv.org/abs/1202.6540

ATLAS search for BB - (Wt)(Wt) — lIX in 1.0 fb?! ; | il Chtd L :
10 Expected limit+ 106 ?
. 2 same-sign leptons, 2+ jets, high MET 1 — oy
«  Limit: mp > 450 GeV : CE
« Also limits on same-sign tt production Zlg &
« arXiv:1202.5520 (submitted to JHEP) . f ol
300 350 400 450 500 550 600
m, [GeV]
) ) ) : ~ oopCMS Preliminary L= 118" V=716V
CMS inclusive search for chiral Q in 1.1 fb1 & N — emnsexc
o} .| —— observed limit 95% C.L.
e Assume msr = me, CKM4: VTB = th = \/Z g

« Require 1 muon (trigger) and 1 b-jet 2
« Classify events by b-tag and W multiplicities

« Limitsetin A — mg plane, my > 490 GeV

- CMS PAS EXO-11-054

APITIT IPTUTN IR | IOl ITTI R PO Irel A e
35%.3 0. 0.5 06 0.7 0.8 0.9 1
A

CMS 1.14fb™" s =7 TeV
1 1 1 T

CMS search for TT — (Zt)(Zt) in 1.1 fb! E%”if B Fss me
« Require 3 leptons (2 with Z mass), 2+ jets 1l o
e Limit: my > 475 GeV s
° PRL 107, 271802 (2011) 104;_] Lilmil-.nt)f"r(‘L:IM[>J7IS(;¢-\‘/(~I’ l__
250 300 350 400 450 500 550
M; [GeV/c?]
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http://arxiv.org/abs/1202.5520
https://cdsweb.cern.ch/record/1387505/files/EXO-11-054-pas.pdf
https://cdsweb.cern.ch/record/1387505/files/EXO-11-054-pas.pdf
https://cdsweb.cern.ch/record/1387505/files/EXO-11-054-pas.pdf
https://cdsweb.cern.ch/record/1387505/files/EXO-11-054-pas.pdf
https://cdsweb.cern.ch/record/1387505/files/EXO-11-054-pas.pdf
http://dx.doi.org/10.1103/PhysRevLett.107.271802
http://dx.doi.org/10.1103/PhysRevLett.107.271802
http://dx.doi.org/10.1103/PhysRevLett.107.271802

4™ generation quarks (4/4)
There are a few searches with all the data
CMS search for BB —» (Wt)(Wt) in 4.6 fb?

« 3 leptons or 2 same-sign leptons plus a b-jet
* Limit: mg > 600 GeV CMS 2011 Preliminary 4.6 fb"

3

. CMS EX0-11-036 Winter 2012 >0 W, S0Gevicr 3
0 - Bl B +W(2) ]
[ [ Single-top E Wiy ]
CMS 2011 Preliminary 4.6 b \s =7 TeV Sk SRzl eston— SPoson |
o L AL B L N F g P 1
o} = observed limit 20 ~ C ]
— 1 E e expected limit 16 (2 . ]
Xo! F e, e theory prediction . C 10k -
o o g E
> i §
7T wr ]
o I ]
g 4| = TF 5
'010 —--.-.-..-.-.......-..--........-....-.T'rwﬁ'.ﬁ ....... = - ]
10'F E
[ Limit at 95% CL: M,, > 600 GeV/c’ : ]
onel—— I e ],
450 500 550 600 650 200 400 600 80010001200140016001800
M, [GeV/c?] S, [GeV]
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO11036Winter2012
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO11036Winter2012
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO11036Winter2012
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO11036Winter2012
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO11036Winter2012

4™ generation quarks (5/6)

CMS search for TT - (Wb)(Wb) - lIX in 4.7 fbl
* Require 2 leptons, 2+ jets, high MET

° lelt: mT > 552 Gev E| LI L L I L L L L L B 1 |E
. L CMS Preliminary e Data -
« CMS EXO-11-050 Winter 2012 10°L  47Mb7at \Vs=7 Tev -
F Events with ee/u/en . if (dileptonic) 3
- - - - - - - B Other backgrounds T
'8- B CMS Preliminary 1.14 fb™'Ns=7 TeV | 10°F D =
':*E L NLO Theory | - D tT, M, = 450 GeWic* 3
ro10E e 95% CL, Expected Limits _| B ]
% ; —_— gsl-‘ibtc:: Observed Limits ; 102 | | _E
) : . I CL =2 : Signal Region Pi
E % E _E
: s : -
10—1 :_ 1 1 -I _: :
400 500 600 10.1 e PR e
Mt (GeV fcg) 0 50 100 150 200 250 300
| M™" (GeV/c?)
BROOKHFAEN D. Adams ATLAS and CMS BSM Recontres de Moriond March 9, 2012 36

NATIONAL LABORATORY


https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO11050Winter2012
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4 generation quarks (6/6)

CMS search for TT -» (Wb)(Wb) — IX in 4.7 bl
* Require 1 lepton, 4 jets, 1 b-tag and MET
« Limit: my > 560 GeV

CMS Preliminar Js =7 TeV etjets
« CMS PAS EX0-11-099 S Y L
(3 800 * _Datad.7 b’
- . . . § = tt
E CMi rp;ll'e‘l;mlnalry . | CLS.: u+_|ets|(4.6fb 1).’ e+jets I(4.'If'l:» ) ﬁ 700 :_ I Single t
H{s=7 Te i C >
° L —e— observed 95% C.L. | -';J‘ 600 = E w":.lms
L «-snasee expected | ~— - Z+jets
[ £10 expected E C L] QCD_
1 +20 expected n ; 500 - T x20 t't" 550 GeV
U rnEoRY E 400 :_
] 300
200
10" 100
1 | | | 1 | 1 = L L M -
400 450 500 550 600
M, [GeV] 100 200 300 500 600 700 800
M., [GeV]
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https://cdsweb.cern.ch/record/1428894/files/EXO-11-099-pas.pdf
https://cdsweb.cern.ch/record/1428894/files/EXO-11-099-pas.pdf
https://cdsweb.cern.ch/record/1428894/files/EXO-11-099-pas.pdf
https://cdsweb.cern.ch/record/1428894/files/EXO-11-099-pas.pdf
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4™ generation quarks: Summary

Channel

Qq > Wqq'
Qq — Zqq'
QQ - Wq)(Wq)
chiral Q - WbX

TT - (Wb)(Wb)
TT — (tAy)(t4y) = 1 X
TT - (Wb)(Wb) - lIX
TT - (Wb)(Wb) — IX

TT — (Zt)(Zt)

BB - (Wt)(Wt) - lIX (SS )
BB - (Wt)(Wt)

D. Adams ATLAS and CMS BSM

[ Ldt [fb]

1.0
1.0
1.0
1.1

1.0
1.0
4.7
4.7
1.1

1.0
1.0
4.6

Recontres de Moriond

Mass limit

o > 900 GeV-,

mg > 490 GeV

mr > 404 GeV
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Heavy neutrinos

ATLAS and CMS search for heavy neutrinos
* In LRSM, these appear as right-handed partners of the light neutrinos

PY qq - WR - Nl - WR*ll - ll]] % I IV\Ilitl: rr;ixi‘ng‘, EIG+LL|.1'+ELL, ‘Ex‘pe‘cte‘d‘ I
] . .. E I === With mixing, ee+up+ep, Observed
« Leading to a mass resonance both [jj and lljj £ NG moung, eespi, pected - f
7L — No mixing, ee+py, serve./,f Ldt = 2.1 fb"
- ATLAS Preliminary Go7TeV |

ATLAS search in 2.1 fb'!
* Assume similar masses for N, and N, |

« Limit: my,, > 2.3 TeV
— for (my,—my) <300 GeV

$S+08 .~

o

4

« Separate limits for Dirac and Majorana : = 2 25
my, [TeV]
— But very similar results.

CMS Preliminary

- Limits also set on an effective operator model gmo;'m:;m; . 240'pb‘a_j

« ATLAS Preliminary Z1000 . ]

CMS search in 240 pbt > ]

* Limits extend to about my,, > 1.6 TeV jzz_g }

« Separate limits for e and p 2003_% ]

— Similar results for the two flavors E ,,,,,,,,,,,, ]

. CMS PAS EX0O-11-002 "0 oot 0 a0
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New stable particles (1/2)

ATLAS and CMS search for new stable particles
» Decay far from the interaction point or unusual signatures in the detector
« See SUSY talk (Steven Lowette on Thursday) and pages for more searches

ATLAS search in 1.9 fb1

« Search for pairs of back-to-back particles decaying in the muon spectrometer

 Signature of h°— &, ©, where n, is a weakly-interacting pseudoscalar decaying
to heavy fermions

o arxXiv:1203.1303 (submitted to PRL)

95% CL Limit on o/,

w

- N
<) [}V )
I N O I |

L 1

—

o
)l

T B
95% CL Limit: m, =120 GeV, muv=20 GeV

.......... 95% CL Limit: m, =120 GeV, mﬂv=40 GeV

95% CL Limit: m, =140 GeV, mm=20 GeV

.......... 95% CL Limit: m, =140 GeV, mny=40 GeV

ATLAS Preliminary

ILdt =194 fb"
fs= 7 TeV

L1 | [ IIII|IIII

B2 E T T T LI B e e e e L N =
% - — QcD dijetMC 1
5 107 ~
B E —»— Data (s=7 TeV) 3
£ - ]
2 102 -

0L — _

E 1 —
E T 3

1 —
g 1oE - :
g 4 1 iy L
g " T * * + — 1 |

0.8

0.6

04

0.2

05— 7 3 3 i 5 & 7

# muon RO
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New stable particles (2/2)

CMS HSCP search in 4.7 fb1

 Use momentum-ionization in the tracker to
iIdentify heavy stable charge particles

« Mass limits of 200-900 GeV set on a variety of
SUSY particles

CMS Preliminary s =7 TeV 4.7 b

« CMS EXO-11-022 Winter 2012 o i‘ L B L
== 7 Tk+TOF -
> 8 ]

reliminary {s=7TeV 4.71b" G 4 L * Data —

g : . .:.I . -{_‘. cn:|splu llr'; ;I TITV 471 - g1 0 E * |I| Data-based SM prediction E

-.g Theoretical Prediction Tk - Only :,; B III SM prediction (MC) 7]

| = gluino (NLO+NLL) —¥— gluino; 50% § —]
1 - [200 stop (NLO+NLL) — glulnn; 1us{,g: é ﬁ-] 03 §_ * - MC - Stau (M=156 Ge‘ﬁczj _§
[ PairProd.stau (NLO)  —A— gluino; 10% §g; ch. suppr. ] E E .
L GMSB stau (NLO) —=— stop E = L i
\ —=— stop; ch. suppr. — 2 — —
—— PaI:'Prod. s::: 1 0 ; ;
10-1 = —e— GMSB stau _E E .
i . 10g E
10213 = ! .
F ) . 1 - £ £
- ] A0 *{1 i
1 10 voA E
10-3 = E ; A E
= 500. | L |10|00| 7] 10-2 | B A 1 | 1 1 I L
Mass (GeV/c?) 0 500 1000
Mass (GeV/c?)
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Summary

2011 run at the LHC was very successful
« Both ATLAS and CMS have 5 fb! of 7 TeV data

ATLAS and CMS are quickly analyzing these data

« Long list of BSM results presented here based on 2011 data
— Most on the first 1-2 fb! but a few analyses already use the full dataset

* No BSM physics (yet)
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Extras

Backup slides follow...
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Extra dimensions

Other

ATLAS search summary

Large ED (ADD) : monojet

Large ED (ADD) : diphoton

UED Y ET miss

RS with k/M_, = 0.1 : diphoton, m.,,

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

RS with k/M, = 0.1: ZZ resonance, m

RS with g KK!Q:-UQO S X, H + E; e

i fitum black hole (QBH) : M o Fix}

QBH : High-mass &, ,,

ADD BH (M., IM_=3): multijet‘zpr, N

ADD BH (M, IM5=3) : S8 dimuon, N, paq
ADD BH (M, /M,=3) : leptons + jets, ¥p

I 1

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

dijat
qqll Cl : ee, pp combined, j'n"
uutt Cl : SS dilepton + jets +

4™ generation : d U,— WbWhb

4" generation : 3434—> Wit
Mhﬁsxc;;(tftqtjgﬁgo11Je|tefe;cj)?1?m+}eEfTﬁ )
Excited quarks : dijet resonance, mdfi;::
Excited electron : e-y resonance, m_
Excited muon : p-y resonance, m

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

. efup
Techni-hadrons : WZ resonance (vlll}), m_.-

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

H™* (DY prod., BR(H"—pp)=1): SS dimucn,m""
Axigluons : dijet rescnance, M ey

Vector-like quark : CC,mWq

Vector-like quark : NC, m,,

OSSOSO 9.

ATLAS Exotics Searches* - 95% CL Lower Limits (Status: Moriond EW 2012)

KK gluon mass Is=7TeV
My, (5=6)
Mg
My, (5=6)
My, (5=6)
My, (5=6)
-’x
A (constructive int.)
A
L=4.9-5.0 " (2011} [ATLAS-CONF-2012-007] 2211 TeV £ mass
L=1.0 1" (2011} [arXiv:1108.1318] 215 Tev W' mass

L=1.01b" (2011} [arkiv:1112.4826]
L=1.0 b (2041} [Preliminary]
L=1.0 b (2011} [arxiv:1202.3389]
L=1.0 b (2011} [arXiv:1202.3076]
L=1.0 b (2011} [Preliminary]
L=1.0 b (2011} [arkiv:1109.4725]

Mg (5=2)
M o (GRW cut-off) ATLAS
Compact. scale 1/R (SPS8) Preliminary

Graviton mass
Graviton mass

- -1
Graviton mass _'."‘df =(0.03-5.0) b

ss0cev  1° gen. LQ mass
esscav 2™ gen. LQ mass
as06aV (), mass
404 Gav U, Mass
480Gev  d, mass
420GeV. T mass (m(A) < 140 GeV)
q* mass
gq* mass
e* mass (A = m{e"))
u* mass (A = miu*))
pTImT mass {m(prmT) -m(n;) = 100 GeV)
p, mass (mip ) =min.) +my, mia)="11mip ))
N mass (m(W ) = 2 TeV)
Wg mass (m(N) < 1.4 GeV)
H_" mass
Axigluon mass
Q mass (coupling ko = vimyg)

Q mass (coupling k,q = v/mg)
Lol I L 9l

“Only a selection of the available mass limits on new states or phenomena shown
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CMS search summary
GRAND SUMMARY MORIOND 2012

Z'SSM Il MEH, rotating, MD=3TaV, nED = 2, BlackhMax
Z9i MEH, non-rot, MO=3TeV, nED = 2, Blackiax

Z', ttbar, hadronic, width=3%
Z', tibar, lep+jet, width=3% MBH, Quantum BH, MD=3TaV, nED = 2,
GKK jet+MET k/M =02 String Ball M, MD=2.1, Ms=1.7, §5=0.4
GKK jet+MET k/M = 0.3 : | String Rasorances

q*, dijet pair
W' v, destructive inter. q, boosted Z

GKK Il kM = 0.1 6 diquarks
GKK yy k/M = 0.1
GKK Il /M = 0.05 g’. Axighon/Coloron
GKK yy K/M = 0.05 q- , dijet
W v, constructive inter. : )
WKK p = 0.05 TeV e A 2 TV (2010]
W dijet = '
WR, MNR < 1.0 TeV W, A= 2TeV (2010)
2=

pTC, nTC > 700 GeV

C1. A, X analysis, A+ LL/RA
C.L A, X analysis, - LL/RR

5 6 a o 10
Ms, yy, HLZ, nED =2 Y Rt H
Ms, Il, HLZ, nED = 2 Mb’, b' = tW, I+jets
Ms, yy, HLZ, nED = 6 Mt', t' = tZ (100%)
Ms, Il HLZ, nED = 6 MU, t' = bW (100%), l-+jets
MD, monojet, nED = 3 . .
MD, monojet, nED = 6 MU, t" = bW (100%), 1+I
MD, mono-y, nED = 3 0 1 2 3 4 5 &
MD, mono-y, nED = 6 gluino, HSCP, gluonball=0.5
0 1 2 3 4 5 6 gluino, Stopped Gluino
LQ1, p=0.5 (2010) stop, HSCP |
LQ1, p=1.0 (2010) B
1Q2, B=0.5 stop, Stopped Gluino
LQ2, =1.0 stau, HSCP, GMSB
LQ3, p=1.0 hyper-K, hyper-p=1.2 TeV
TeV
0 1 2 3 4 5 g Tev 0 1 2 3 4 5 6
Sh. Rahatlou |
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CDF W-associated dijet resonance

CDF has reported a dijet resonance Y| g rdats’ ]
e %; + — Gaussian 2.3% |
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Extra dimensions: RS model

Extra dimensions

* Models with compact extra dimensions can resolve the hierarchy problem

— The Planck mass Mp, in the SM (3+1) dimensions is naturally much larger than the
fundamental Planck mass in the bulk

e Two models are considered: RS and ADD

« Search for graviton or other KK excitations
— Graviton decay to fermions suppressed w.r.t. boson because of spin

RS model

« The Randall-Sundrum (RS or RS1) model posits the existence of a 5! dimension
bounded by two (3+1) branes with SM fields localized on the TeV brane
— PRL 83, 3370 (1999)

« Gravitons appear as well-separated KK states, i.e. distinct resonances: mg, ...

« Strength of the coupling to the SM is parameterized by the dimensionless warp
factor k/Mp; where k is the curvature scale (warp factor)
— Experimentally 0.01 < k/Mp; < 0.1 (precision EW data, perturbativity)

« Limits on m; depend on k/Mjp,
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Extra dimensions: ADD model

ADD model

BROOKHIAVEN D. Adams ATLAS and CMS BSM Recontres de Moriond March 9, 2012

SMis confined to a (3+1) brane in a space with nzp extra dimensions while
gravity propagates through the bulk (full 4 + nzp) dimensions)
— Phys. Lett. B 429, 263 (1998), Phys. Rev. D 59, 086004 (1999)
M, denotes the Planck scale in the bulk (Mp; in the SM brane)
— Fundamental Planck scale
Gravitons appear as a series of closely spaced KK excitations
— Experimental decay spectrum will be a continuum
UV scale Mg is introduced to keep the cross section from diverging
— Effective Planck scale
— Three conventions for this: GRW, Hewett and HLZ

Limits on M or Mg depend on convention and ngp
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