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EXOTICA IN CMS
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A VERY PRODUCTIVE 2012

* 40 results produced by CMS on 201 | data so far
— with 2-3 exceptions all using full 201 | data set of 5 fb"!

* Comprehensive review requires a few hours

* Focus mostly on most recent results
— Few preliminaries with full 2012 data
— New results using full 2012 dataset to be presented at Moriond

* Complete list of results
— CMS: https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO

SUSY OR EXOTICA?

CMS Prellmlnary \s=7TeV, f Ldt=1fb™

(\IA 70 ':—H—lﬁ L ' I ] I ] ' ] 1 1 ] Ll 1 ' |
LS, — 2011 L|m|ts B COF 3,3, tang=s, <0 -
% 600k -+:2010 Limits DO 2,7, tanp=3,u<0 7
S tanp = 10, A =0, >0 [ LeP2 ¥, .
& E LEP2 T -
~ 500 7
S y Jets+MHT -

Razor (0.8 fb™)

400 ¢ (1000)Gev

SS Dilepton

(750}

0 200 400 600 800 1000

m, (GeV/c?)
SUSY results reported almost always in (mo,mi2) plane

— Relation between mass of supersymmetric particles
Large missing transverse energy usually the primary signature

In exotica we look for particles and resonances that are not necessarily
needed or predicted in supersymmetry
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SIGNATURE- OR TOPIC-BASED?

e Same final state often probing very different models or topics

— 2 leptons, 2jets + MET, lepton+jet+MET

* Topological presentation requires
jumping between very different models

* | will follow mostly a topic-based approach

— easier to combine constraints on model from
different topologies

— Same final state is not simple re-interpretation

» often optimization redone to deal with different

acceptance for very different models

» different analysis strategy and signal extraction
methods
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Many extensions of the SM have been = 1et+MET
developed over the past decades w jots + MET
7 = 1lepton + MET
Supersymmetry NN > « Same-sign di-lepton
; i }‘ r/ Dilepton resonance
Extra-Dimensions \\\\‘\"A/’z, - Diphoton resonance
. \ < — =) .
Technicolor(s) \Qt\‘\ X . Diphoton + MET
Little Higgs<_ X V/ « Multileptons
. Lepton-jet resonance
2 A\ "

No H|ggs \‘\\ \\ \ “ = Lepton-photon resonance
GUT \\ / . Gamma-jet resonance
. > “\ Diboson resonance

\ | |

Hidden Valley \\“'é;{‘\\\\ o Z+MET
Leptoquarks ‘/‘?"\:‘\ \\\\ a W/Z+Gamma resonance
Compositeness /"\x\\ Nl ;Op'a"mo.p resor':.arce

) Do a Slow-moving particles
4™ generation (t', b') \\\ « Long-lived particles
LRSM, heavy neutrino \ a Top-antitop production

A = Lepton-Jets
etc... a Microscopic blackholes
Ny

a Dijet resonance
s etc...



EXOTICA IN ONE PAGE
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Z’SSM |

Z’ SSM tau tau

Z’, ttbar, hadronic, width=1.2%
Z’, dijet

Z’, ttbar, lep+jet, width=1.2%
Z'SSM Il (fbb=0.2)

G, dijet

G, ttbar, hadronic

G jet+MET k/M = 0.2
Gyyk/M =01

G, Z(IhZ(qq), k/M=0.1

W’ Iv

W’ dijet

W’ - td

W’ — WZ(leptonic)

WR’ = tb

WR, MNR=MWR/2

WKK p =10 TeV

pTC, nTC > 700 GeV

String Resonances (qQ)

s8 Resonance (gg)

s8 Resonance (gg/bb), fbb=1
E6 diquarks (qq)
Axigluon/Coloron (ggbar)
gluino, 3jet, RPV

g* (ag), dijet
g* (W)

q* (a2)

q”*, dijet pair
q*, boosted Z
e, N=2TeV
U, A=2TeV

AN ATTEMPT AT SUMMERY!

gluino, Stopped Gluino
stop, HSCP

stop, Stopped Gluino
stau, HSCP, GMSB

hyper-K, hyper-p=1.2 TeV
# fractional charge, q=2/3e
fractional charge, g=1/3e

multiple charge, g=2e
multiple charge, g=3e
neutralino, ctau=25cm, ECAL time

q

—
ﬁ
-’
-.
—_
-.
d
-

: ‘ MBH, rotating, MD=3TeV, nED = 2, BlackMax

MBH, non-rot, MD=3TeV, nED = 2, BlackMax

MBH, rotating, loss, MD=3TeV, nED = 2, BlackMax

d MBH, boil. remn., MD=3TeV, nED = 2, Charybdis
ﬁ ‘ MBH, stable remn., MD=3TeV, nED = 2, Charybdis
i MBH, Quantum BH, MD=3TeV, nED = 2

“

’ C.I. A, X analysis, A+ LL/RR
C.I. A, X analysis, A- LL/RR

C.l., dimuon, destructve LLIM

C.l., dimuon, constructive LLIM

C.l., single lepton (HNCM)

b’ = tW, (3I, 2I) + b-jet

LongLived
| particles
0

Contact
Interaction

0O 3 6 9 12 15

LQ1, B=0.5 q’, b’/t’ degenerate, Vib=1 |
Compositeness tg;’ Efg-g b’ = tW, l+jets 4th
LQ2. B=1.0 B’ =bZ(100%) M NelNIIxtalels

LQ3, (bbnunu) Br(LQ — bvt) =1

g WASTNe L ' = bW (100%), I+jets
LQ3, (btau) B=1.0 ptoQ t = bW (100%), I+
stop (btau)
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RESONANCES

* Comprehensive list of signatures
— di-leptons
» e,mu,tau
» lepton+MET
— di-bosons (W/Z)
» 3I+MET
» 21+2j
— 2-photon

* Backgrounds
— relatively clean with good S/B
— mostly tails of SM processes

* Experimental challenges

— detector resolution can be a key player

— 1.3% - 2.4% for electrons and 7% for
muons at | TeV mass

— extra care for energy/momentum
reconstruction above | TeV

Shahram Rahatlou, Roma Sapienza & INFN

Z’SSM I
Z’ SSM tau tau

Z’, ttbar, hadronic, width=1.2%

Z’, dijet

Z’, ttbar, lep+jet, width=1.2%
Z’SSM Il (fbb=0.2)

G, dijet

G, ttbar, hadronic

G jet+MET k/M = 0.2
Gyyk/M=0.1

G, Z(Z(qq), k/M=0.1

W’ Iv

W’ dijet

W’ - td

W’ = WZ(leptonic)

WR’ = tb

WR, MNR=MWR/2

WKK p =10 TeV

pTC, nTC > 700 GeV
String Resonances (qg)
s8 Resonance (gQg)

s8 Resonance (gg/bb), fob=1
E6 diquarks (qq)
Axigluon/Coloron (ggbar)
gluino, 3jet, RPV




DI-LEPTON
m— E— EXO-12:015

CMS, 8 TeV, 4.1 fb’
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up / ee mass [GeV/c? > 10 ' e 3
S 4ot —e— DATA ;
 High hopes at start of 8 TeV run 2 [ viz—e'e =
& P 3 10° I , tw, Ww, Wz, ZZ,tt S
— enhanced cross section 04 [ jets (data) =
) : 10 =
* Now only a nice Drell-Yan tail and no =
1 =
eak :
P 10—1 ?E
* Next stop summer of 2015 10° =
. . -3 ]
— cross section increase of > x3 above | TeV 10 i 3

-4 | ! | | | R R | | ]
10" "80 100 200 300 1000 2000

m(ee) [GeV]
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DI-LEPTON EXCLUSION LIMITS

TeV
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8 TeV, ee (3.6 fb
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diff. Cross section do/d

LEPTON+MET
— . <O 12-010

No Interference MadGraph 800— 17— 71—

M, [b/20 GeV]

[| ———— Destructive Interference MadGraph %) o M\N‘ =1.0TeV
1t Constructive Interference MadGraph g — MW' =1.5TeV
----------- Standard Model (No W') MadGraph _

Destructive Interference CompHep 2600— MW' =2.0TeV

T © — M, =25TeV — .

S = / | xpenmen
W) = 2500 GeV g | } My=30TeV) | CMS || ooy BCES s cesr
“400t- {|  omssimuation | L e e
- - ‘ - \| Orbit/Crossing: 1100

ﬂ[ P -1 >.‘. | | l

0> : ", -lr/ ) -
2007 14, )‘/\ k ) Electron 0, pt: 738.5 GeV
Br. 'Lafl"LP e .
4| [ g ) )
" Fems Simulation - .;J‘Jl ‘L“ % lt} N 1 -
0 | | 1 | S ] \.‘, [ L. L‘Ls... l‘ |
1000 1500 2000 2500 3000 3500 0 500 1000 1500 2000 2500 3000 3500
M, [GeV] M; [GeV] =
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b 275 g
|

Look for heavy W-like Jacobian peak in transverse
pfMet 0, pt: 760.1 GeV

mr = \/ZpTET(l — COSQ(PE?ET)

Dominant background:VWV production in Standard Model

Now also take into account interference with SM

Shahram Rahatlou, Roma Sapienza & INFN Il



W’ = |v EXCLUSION LIMITS

T T L 1T 1771 1T 17T T 1771 H
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Contact Interaction Interpretation

> 0E ' ' ~——— W +HNC A =4 TeV
Q) = —— W4+HNCA=7TeV
o . - W +HNC A =9 TeV
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3 10 5 —— W only
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> 1
w
| |
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11
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- CMS Preliminary — — 95% Expected Limit
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Theoretical Cross Section
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HEAVY NEUTRINO AND L-R SYMMETRY

L E————

Left-Right-Symmetric Extension
Standard Model LRSM)
Gauge group SU(2), X U(1), SsU(2), X SU(2), X U(1),,
. LH doublets: @, = (u',d ), ,L, = (I',vi), | LHdoublets: @, = (u',d "), ,L, = (I},vY),

Fermions RH singlets: @ = ', d' ,L =1 RH doublets: @ = (w,d ), ,L, = (I,N ),

v', do not exist N', are heavy partners to the v’
Neutrinos , : . : : .

v, are massless & pure chiral N',Majorana in the Minimal LRSM
Gauge bosons W+, VAR W=, W+, ANV

* Parity violation built-in for the Standard Model

— Parity violation in LRSM via symmetry breaking at
intermediate mass scale

* Neutrino oscillations require massive neutrinos
— but neutrinos mass forbidden in SM

— “See saw” mechanism in LRSM can explain small mass of
neutrinos via heavy partners
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HEAVY NEUTRINO AND Whg
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W.Z RESONANCES

S E>O-11-041

g\ P ad>WZ o MO PRI 200
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10F E
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1E !
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107 LU |
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WZ EXCLUSION LIMITS

______CMS Preliminary 2011 CMS Preliminary 2011
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COMPOSITENESS AND CONTACT INTERACTION
I £O- ' -025

q” (qg), dijet
i CMS, 5.0 fb' at \s=7 TeV

q”* (W) - Bt
g* (92 % 250 "] Drell-Yan '
q”, dijet pair O ! ! go&:f):;oN?envprompt ok ‘Tj -:_
- = 200 CI M,=1.5 TeV , o | —
q*, boosted Z 8 ) GIMAtoTev e H | -
e, A=2TeV S -~ ] GIM=1.5Tev N %al T+ ]
U A =2 TeV S 150 | 'la N
0o 1 > 3 4 5 6 & 7 -
L% 100 PR -~
* Excited quarks and leptons | I A !
50 1 JL s _
* Both leptonic and hadronic stat - A LB :
b S 0' :Am_l_ — —

- Iepton + photon (| > |+ gam 0 0001 0002 0003 0004 0005 0006 0007 0008
1/p_(up) [GeV™]

— 2-jet (9% -> q glu)
— boosted Z spectrum in g* ->q Z

. . C.I. A, X analysis, A+ LL/RR
e Contact interaction

— di-jet angular analysis
— re-interpretation of di-lepton
— re-interpretation of W’

C.I. A, X analysis, A- LL/RR
C.l., dimuon, destructve LLIM
C.l., dimuon, constructive LLIM

C.l., single lepton (HNCM)

15
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HADRONIC RESONANCES

* Extremely rich and productive
hadronic program

* Variety of signatures and
models explored
— standard jets
— b-jets
— fat jets
— jet substructure for W/Z tag

String resonances, S (qq,99,99)

Scalar diquarks, D (qq) Hadronic
Excited quarks, q* (qg,qW,qZ) inspired
Axigluons, A (qq)

Color-octet colorons, C (qq, qqqQ)
Color-octet scalar, S8 (gg,bb)

W' bosons (qq,WZ)

Z' bosons (qq,bb,tt) L
RPV SUSY gluinos (qq9999) Gravitation
RS gravitons (qq,99,WW,ZZ2) inspired

EWK
inspired

Shahram Rahatlou, Roma Sapienza & INFN
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do/dm (pb/GeV)

Residuals

e | R | E 0.005
- —®— CMS Preliminary (4.0 it = 3 Pythia D6T + CMS Simulation
L _ _ 0.0045
= Fit s - | RSG— qq 8 TeV
- E ------- QCD Pythia _: 0.004 ;_ --------- RSG — gg 8 TeV
E - Jet Energy Scale Uncertainty E 0.0035 E— q*_) qg 8 Tev
107 ¢ — 0.003[
- W1.5Tev) : 0.0025 |
107 & Ay diquark (3.5 TeV) = -
- S B diquark (3.5 TeV) = 0.002|
Tar = 0.0015 |-
_:- Vs =8TeV ] 0.001 E_
10°E Mm<25,|An < 1.3 = s
= Wide Jets E 0.0005 |
'6: o *—:‘:. x-_ _:71 1 L =TT B e O TN R M R
10 = 0 2000 3000 4000 5000
2 M;; [GeV]
0
N —_ —
1000 1500 2000 2500 3000 3500 4000 4500 X
Dijet Mass (GeV)
9.9, 9 9.9, 9

* Resonances predicted in numerous models
— larger branching fraction compared to dileptons

— much higher background from QCD

* Wide jets to recover radiation

— divide event in 2 hemispheres
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Events

Shahr..... ..

W/Z TAGGED DI-JET

e
L g

Q
© " 1.5 TeV resonances CMS Simulation
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Dijet Mass (GeV)
3
x10
250 L = 5.0 fb" CMS Preliminary
_ —@— Untagged data
B \s=7Tev —_ QCD Pythia6 Z2
- I —— QCD Herwig++
200 . G*>WW (1.5 TeV)
I A G*->ZZ (1.5 TeV)
- . W'>WZ (1.5 TeV)
- ‘ ---- gq*->qW (1.5 TeV)
150 - ’ ) q*->qZ (1.5 TeV)
- ! v k; R=0.8
100~ ;;,/ L M first subjet
50 :_ ,,,,' /’I - - . ,A'v\«\l\
e [ | 111 | 1111 | 1111 | 1111 |\| 1 1 ‘I.—I Ih‘l |<|.|k|.|.l’v| vlflv.|\I | 1 | \-\“-
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—~ 1
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~ \'s =7 TeV
=
~
—
o
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< QCD Pythia6 e Q" QW
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& | —F :
~
o - -« Gpe = WW :
£ 107} " -
= : CMS (5.0 fb™) :
O \s=7TeV
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Cross Sectionx B x A (pb)

—
<
w

104

DI-JET EXCLUSION LIMITS
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Now excluding resonances below 2.5 TeV for variety of models
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Events per 40 GeV

v/ ¥
93, =G 92y Gl
O%)WO(IOT \’S AL '(*:.:
/é ) Q '72 ,l“i:::
g “a g gl
QIM ,IVI_SI=I7| I lel I I L ' TT T T T T T T T T T T T rTrT T |5I'(I) Iftlj1
10% 5 e Data
= Background Fit
ql — - - QCD Simulation
10 3 A O L coloron (400 & 800 GeV) |
102657777 el =
10 7 TeV E
L 50 fot ... i
- A
10" i
= | | | | | | | | =

300 400 500 600 700 800 900 100011001200
Mg (GEV)

B

DI-JET PAIR

| EXO-11-0168

( v ( N v/
g 2. ~ Y 1 +Gy

J g S

GE’:,J P,

1 TO00000 Y

66 “1 / 2
& g i/ % o
grs e ¢ ges

Cross Section x Br x Acc (pb)

* Events with at least 4 jets and pt > 150 GeV

» Sensitive to colorons at low mass
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TRI JET RESONANCE
| EXO-11-060 §

CMS Prellmmary, 5. 0 fb1 \s=7TeV

* 6 jets in several theoretical models

5 = :
_ — .« . . . X 102 - % :é
— Q =g =SU(3)C Adjoint Majorana Fermion E = Z‘g .,\5
. . . . . . - ]
— R-Parity violating (No Missing ET) e oF- : S £
. . . . O . "%00_250 300 350 400 450 |
* Modeled as R-parity violating gluino 2 ; Tiiplet Moce (CieVic)
(negligible intrinsic width) 10"} -
- | * Data =
. . 102 | - Four-Parameter Background Fit -
pp — QQ — 3] -+ 3] = | *+'300 GeV/c? Gluino Model
10-3 E_ —i
-4 i e | PR S BT P P -
1075 500 1000 1500
jet Triplet Mass (GeV/c?)

q q jet 0 CMS Prellmlnary [L=50m"
~ oo R N P PP (s = :
9 - .-< 1 2 N Il = Observed i

L] : : : : :

q . S o R S Expected
~N ]et A-\\ e e e, I =10
9 3 < 2
m 10 s . . —— oM9(Gluino) -:.
q jet X L i o NL°(G|u|no)+1o
s < 4 . R
o’ q jet E """""""""
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q Jet O S
2
Tp]
(o))
107 =
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QUAD-JET RESONANCE

g 1: T T T T ] L T
§ i BT
g os- - -
§ B CMS Simulation i
? 06 :_ HT‘§>=7570TZ\(:V —:
'c% i P >30 GeV, hf*l <2.5
0.4 =
- — m=M/4, w=10%
L - - -~ m=M/4, w=20% )
o2+~ ¢ === m=M/3, w=10% —
i -ome m=M/3, w=20% ]
" TG00 800 1000 1200 1400  16(
Vector Boson Mass (GeV)
2] [T | 1 s
3 o -
= ~ CMS Preliminary H; > 750 GeV i
=) . .
> a-  (s=7TeV d:‘ >30 GeV, W*1<25 1
0 B ]
©) - i
@] 3 - ]
e - M =800 GeV, m =267 GeV, w = 10% .
2 -+ data(5.0fb") -
T 2~ —— QCD Multijets + signal —
1[lovevastopatattistcbippitdotipat T WAt 47
: ¥, ¥t 4 s
0 B | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 | 1 B
0 0.2 0.4 0.6 0.8 1
ANN Output

* Multivariate analysis for max. QCD

rejection

— pt of Ist,4th, 7th,and 8 jets
— Ht

— 8-jet invariant mass
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95% CL limit o x BR x A (pb)

105; L B B B R T T T S

= CMS Preliminary « Data (5.0 fb™) .

10° e s=7TeV QCD Multijets =

- —— Signal _

10° & (M = 800 GeV, m = 267 GeV, w = 10%) 5

10° = - E

2 B BT =

195 madgraph+pythia f+ E

1glllllIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIT"I_IIIIII_I_Illlé
30 40 50 60 70 80 90 100 110 120 130

Jet8 P, (GeV)

W77~ T1T T "~ " T 1 T

- m = M/3, w = 20% ]

B —— Observed B

15 — - Expected Median =

- I Expected 10 -

B Expected 2 o -

107 = R . T Coloron Model =

10° £ E

- CMS Preliminary -

10° & Is=7TeV =

- L=5.0fb" .

10-4 ._ 1 P PR PR I SR R T AN SR RN SR N R S _I
400 600 800 1000 1200 1400 1600

Vector Boson Mass (GeV)

24



WZ AND ZZ RESONANCES

EXO-12-014

i n quarks
pp — G =27 —qqlTl )
— W’ WZ — qqltl™
pp — qq
L - py, ee
CMS Preliminary 2011
> A NAAARAAE RALS LR RALE RALE RALS LARE RARARARE Y
& [ [Lat=50f" < Data 22ty :
) . =
e ' Vs=7Tev MMt Z+Jets =
P RS 750 - W'1000 -
= 10’ =
o - .
@ 2 ~
10 . E
i ﬂT | } ;
1 . -
My 7 = 2058 GeV H : -
Mz = 87.0 GeV : - —. B o ]
10 . L , 3
pTZ”QBS.GCrTGV' ..i..Al.l...l;,,'L,-. P I.l.l...l.-.ll;‘
My =794 GeV 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400
prv = 1005.0 GeV M,, (GeV)

* For very heavy resonances hadronic W and Z merge in one fat jet
— jet energy resolution
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// RESONANCE

quarks
— G* = ZZ — qquv :
pp qq rvv =
|24 %
L = fHiee—
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CONSTRAINTS ON GRAVITONS

0.4_]['[[]]lllllllllllllll]llllllll
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Events / 100 GeV

MICROSCOPIC BLACK HOLES

5 EXO-12-009

Analysis strategy: events with large transverse energy, multiple high- energy
jets, leptons, and photons

Main Standard Model background: QCD multijet production

Discrimination variable: visible transverse energy

— scalar sum of ET for identified physics objects and MET

Estimate background shape from low multiplicity events

107 CMS Preliminary {s = 8 TeV, 3.7 fb™ b)
Multiplicity, N = 3
106 ¢ Observed Photon+Jets
— Background  IlW+Jets
10° Uncertainty ~ IMttbar
N Mp=1.5TeV,MJ"=55TeV,n=6
10 S, e Mp = 2.0 TeV, M™" = 5.0 TeV, n = 4
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- "
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10 3 ..-
- m
10k
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MULTIJET EVENT AS BLACK HOLE CANDIDATE

CMS Experiment st LHC. CERN
Data recorded: Mon May 23 21:46:26 201! EDY

RunEvent 1658567 / 3474598624
Lumi sechon: 280
OrdtCrossing | 73258853 / 3161

CMS Experiment ot LHC, CERN
Data recorded Sat Age 73 08 05 38 2011 EDY
RunEvent 163332/ 196371006

Sh. Rahatlou

px




LIMITS ON BLACK HOLES

a F CMS Preliminary ys = 8 TeV, 3.7 fb™
b [ Nonrotating Black Holes
10 Theoretical Cross Section
= M, =35TeV,n=2
P e Mg = 3.0 TeV, n = 4
Tt e Mp;=25TeV,n=6
1 :_ Observed Cross Section Limits
= —o— M;=35TeV,n=2
- —=a— M,=3.0TeV,n=4
.. — MD=2.5TeV n==6
10" \
- "‘-‘. E
102
1 0-3 E_ ., 3 ‘«.
'I'IlIIIIIlIllIlIIII‘iIII*-II(‘IIIIIII

4 45 5 55 6 65
M (TeV)

* Significant increase in signal cross
section at 8 TeV

— no signal yet unfortunately

* Model-independent limits useful to
constrain new theoretical models
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CMS Preliminary ys = 8 TeV, 3.7 fb!
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- Multiplicity, N> 7
S - Observed
- s Expectedt 1o
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4™ GENERATION AND TTBAR

* Extremely rich program with at least
one top in final state

* Serval searches for 4th generation
heavy quarks
— leptons
— leptontjets
— all hadronic

* ttbar resonances across the spectrum
— alla hadronic boosted top technique at
high mass
— lepton + jets
— close interaction with top group to

coordinate low (I<I TeV) and high
mass analyses

* Search for exotic q=5/3 top partners
ongoing

Shahram Rahatlou, Roma Sapienza & INFN

b’ = tW, (3, 2) + b-jet -
q’, b’/t’ degenerate, Vib=1 -
b’ = tW, l+jets '
B’ = bZ (100%) -
T = tZ (100%) '
t' = bW (100%), I+jets -
' = bW (100%), I+ -
0 1 2 3 4 5 6
CMS,L=5fb'at\s=7TeV ' '
No180 LI T 7 T T T LI T
~—
> 160
0 mQATA = 83.0 £ 0.7 GeV/c?
1o 140 mii¢ = 82.5+0.3 GeV/c?
——
5 120 .
100 Data
2 Bt
W 80 [ W+Jets
60 INon-W MJ
- Data fit
40 - = MC fit
20

0 20 40 60 80 100 120 140 160 180 200
m(W-jet) (GeV/c?)
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LEPTON + JETS

T — R —
. a q LQ1, B=0.5
X . LQ 1 - 1 ! . LQ , LQ1, B=1.0
B¢ e LQ2, B=0.5
& L q q 4 L q
Q Q LQ2, B=1.0
1 ‘ ] 1 LQ3, (bbnunu) Br(LQ — bvt) =1
* Lepton and jets used usually for leptoquark LQ3, (btav) B=1.0
searches stop (btau)

— now also first 3rd generation searches

 Same final state sensitive also to RPV SUSY

3 T T T T 717 p—
ST ' "ICMS 4.8 fb,\'s = 7 TeV
2 — o, X B(LQ-1 b)?, BLQ->t b)=1
N 10%E “{ —= 0y, xB{t 5>Tbf, A =1

?33

------ 6, X B(VLQ-1tDb)
| —— Expected limit
—e— Observed limit

~
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LI |1|l1ll 1

| lllllll 1Ll llll‘ll 1

—107E
M = : S
X - i : -
* Extending program to single LQ production E | | N :
104—1 1 [ e a ol I L1l l ENEE SN AT AT B 1-
200 300 400 500 600 700 800
MLQ/?,/VLQ (GeV)
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LONG-LIVED PARTICLES

* Most exotic part of exotica
— requires dedicated reconstruction, trigger,

and detailed detector level understanding

unlike other searches

* Heavy stable charge particles
— slow muon-like objects
» dE/dx, TOF, proper reco
—alsoq> |

* Stopped gluino
— dedicated data taking conditions and
understanding of beam conditions

* Fractionally charged particles
— dE/dx in tracker

* Displaced
* Displaced

eptons and vertices

bhotons

— first analysis using time measurement in

ECAL
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gluino, Stopped Gluino

stop, HSCP

stop, Stopped Gluino

stau, HSCP, GMSB

hyper-K, hyper-p=1.2 TeV

fractional charge, q=2/3e
fractional charge, g=1/3e

multiple charge, g=2e
multiple charge, g=3e

neutralino, ctau=25cm, ECAL time

Neutralino Proper Decay Length [mm]
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DARK MATTER QUEST

DM DM g

q q
Direct Detection (t-channel) Collider Searches (s-channel)

DM

DM

* Pair production of Dark Matter candidates at colliders accompanied by
Initial State Radiation of gluon or photon
— More sensitive in low mass region than direct detection

q q
q X q X

Monophoton + MET Monojet + MET

* Search for just one photon or jet and large missing transverse energy
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MONO-PHOTON + MET
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MONO-JET+ MET
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DARK MATTER LIMITS

* Pair production modeled
asS contact interaction

* Spin-independent

(Xrux)(Gr"q)
AZ

Oy =

* Spin-dependent

(Xvursx)(@y*vsq)

Oay = A2
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v-Nucleon Cross Section [cm?]

v-Nucleon Cross Section [cm?]
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OUTLOOK AND PROSPECTS

* Heavy resonances excluded past 2 TeV d F7
¥ 10} SSM Z
N 8
* 4th generation excluded up to ~0.5 TeV "
107
* Increase of x35 in data from 2010 to 102 _
Summer 201 | improved exclusion limits 10°} Dapyrtiwper L siybtiiatdlh
o 41 —#— CDF (un 461" 4
sometime less than 20% O T peesaw) 1
0.5 1 1.5 2 2.5 3
— Increase in luminosity not a game changer in search m; [TeV]
] 100 e ' - II\NJ82'012
* Higher center-of-mass energy opens - ratios of LHC parton luminosites /
| 8TeV/7TeVand 14 TeV /7 TeV /
new doors A
o | T ya /
g | " raq
e Higher beam energy increases cross z oo P
. 8 /,/'////
section by x2-3 £ g

— 1 TeV resonance: x1.5@ 8 TeV and x2 @ 9 TeV
— 2 TeV resonance: x2.1 @ 8 TeV and x3.6 @ 9 TeV 1

* Exotic scenarios can be probed with little data in 2015
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