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* Introduction

* Exotic physics reaches at ATLAS and CMS (Initial detector/more realistic
simulation)

* New gauges bosons: W', Z’s in GUT-inspired models
» Extra dimensions, Black Holes

 Alternatives to EWSB mechanism: technicolor, scalar/vector di-boson
resonances

 Exotic fermion/quark-lepton substructure: leptoquarks, excited quarks, 4th
generation

 Contact Interactions
 Others (less model-dependent): Heavy Stable Charged Particles (HSCP)

* Conclusion

Disclaimer: this is a very selected coverage of the very rich, exciting exotic physics
program at LHC.
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< Introduction
1
* SM: » Extra Space-time (Extra Dimensions).
» 4D space-time * New gauge groups:
* SU(3)cxSU(2)LxU(1)y GUT, or GUT-inspired models, ...
« EWSB: Higgs mechanism  Electro-weak symmetry breaking
3 generations of lepton/quarks. mechanism:

Technicolor, little Higgs, Higgsless, ...
* New fermions/neutrinos:

4th generation, Majorana neutrino
 Lepton-quarks:

Leptoquark (LQ), excited quarks/
leptons, ...

» Hidden valley, etc.
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The ATLAS/CNS Detectors
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* CMS

* Dimensions: 21m (L) x 15m (H) x 15
(W)

» Weight: 12,500 T.
* Single solenoidal magnet @3.8 T.

« All-silicon tracking detector.

Bl
on Detectors Tile Calorimeter Liguid Argon Calorimeter

* ATLAS |
* Dimensions: 45m (L) x 24m (H)
» Weight: 7000 T.

« Combination of toroidal &
solenoidal magnet system.

Toroid Magnets  Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker
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« GUT-inspired models Z' Model | Indirect Searches (GeV) Direct Searches (GeV)
(EB, etc), little Higgs e"e” Colliders | p™p~ Colliders

’ i ’ Z 680 781 864

- x

Kaluza-Klein models, ... Z, 48] 266 ge3

z, 619 515 933

Zi/RSM 804 518 -

Zssur 1787 1018 966

ner-»

» Bench-mark exotic physics searches:
' —ee, Z’—uu, Z—171 (ALTAS)

*Experimental signature:

M. Cvetic et al. PRL 68 (1992),
CDF public note-9160, PDG(2006),

resonances in the tails of the Drell-Yan dilepton mass spectrum. (J/\V, Y, Z.)

20 GeV ZssMm)

1solated dimuon

ATLAS CMS
eletron non-isolated ~90% (500 GeV |isolated pr>18, 80, ~99% (Zssm = 1TeV)
pr>60 GeV graviton) 200 GeV
muon single muon pr> |~95% (2 TeV single muon or ~97% (Drell-Yan

M>500 GeV)
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» Many studies in understanding the
detector,

trigger/reconstruction efficiency
from data (tag/probe)

detector alignment, electronic
saturation, muon radiation, etc..

| Drell-Yan Invariant mass spectrum |
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CMS, ,
N Z’ Searches

» High energy cosmic muon in the CMS STA Muon Momentum |

detector is well understood: momentum, ; ‘ Cosmic MG (10Ge¥+ & ON)
g . . ;'L CRAFY {run £7847)
energy deposit in calorimeter, etc. 10° 5y
- Mean 33.67
- I~ RMS 76.88
» Demonstrated capability/performance L 1‘11 Woan 3649
. . ] 107 = Y RMS 82 .54
in high-pt muon reconstruction. - '*.tbh
10° =
E lJu{l"}
u I-lT:| +" ’t“*\l r 1
10 - lﬂ l'l
) 200
7t
6F
2 gl
2fF
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[do/dm(1*17)]/[de™* /dm(117)]
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 Muon channel (lower fake rate): 2 F fram-toops .
S 1% " =
* Drell-Yan & F :
_.7,_ - —a&— Estimate (1 B-Tag) -
« QCD multijets, W/Z+jets, WW, ZZ, WZ, ttbar 3 ‘° CMS Protiminary
* Electron channel: ik _;
* Drell-Yan s I ]
107°E i I
* QCD multijets, ttbar, W/Z+jets, y+jets, WW, WZ, - :
22, Wizy, yy 1 2002 1021 1oeoe 500" 300 400 500 600" 700" 8;0
108 ooy et al., PRD 65 (2002) 033007 Mo (GoV/c?)
[ @) ppoete ) ] ool P pputi() * NLO EWK/QCD corrections for
Lo R * oM™ 1 Drell-Yan background, PDF
] 1 uncertainties.
0.95 " —
I N ] < Data-driven method to subtract
0.90 — \ — 07— \\\\ _ ttbar
vesl ] ] e Jet fake-rate with jet triggered data.
L solid: 0(a®) QED/EBA . I solid: O(a«®) QED/EBA 1
L 0.6 — ] . e . . .
ot |°<a") ETI/ERA [ oo run <|><a3> S/ Estimate dijets contributions with
08077500 1000 1500 2000 7500 1000 1500 2000 Iepton + jet sample.

m(e*e”) (GeV)

m(u*u”) (GeV)
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#Events / 20 GeV/c?

Signal

e.dpe ak X

+  interf X
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‘Data’ (including 1 TeV Z’)

JL dt =100 pb™

— AISMBG+1TeVZ

All SM BG

] y+Jet, W+Jet, Di-jet BG

|:|tiae
— k&

CMS Preliminary
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« Sensitivity beyond the Tevatron reach can be achieved with only ~100 pb-

of data.

« Systematics leads to few percent variation on the required luminosity.
« About double luminosity is needed to reach same sensitivity fora 1 TeV Z’

L")
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due to reduction in C.M. energy (14 TeV—10 TeV).
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Bench-mark search for new charged gauge boson: a

copious of SM W proposed by G. Altarelli, et al. Colorimeter
lepton + missing ET.

Backgrounds: dijets, W/Z+jets, ttbar.
|solation, jet veto, lepton fraction.

Y PP (L PP + Y Er)

Muon Vertex

mr = \/ 2prEr (1 —cosAd, g, )

I _ 9 102 :-.— T T I T T T T I T T T T 1 T : T T 1 T T T l—:-
B CMS preliminary D True it § - —W=—=ev[iTeV] I3
- _ w C ]
E — ttfrom 1-b B L - W' e v [2TeV]
C — tifrom 2-b % i background )
i 10 -
_ : ATLAS -
3 1 N noHdnon ” i E
El ' ' NN NN NN RN H H | :;I I:!IE:IEEVEEEIE.I Lo l:
0 100 600 700 800 900 1000 05 1.0 15 20 25
Mr{GeV] My [TeV]
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« With less than 10 pb-', a 1 TeV SM-like Wprime can be discovered.

(current limit >1 TeV @95% C.L, DO collaboration, V.M. Abazov et al., PRL 100
(2008) 031804) | S0 discovery |

oo — % e
3 | ATLAS s
INd; s ! % CMS
2" 210" 3
w | =
o | } &
S - -
£ A
510y 8 107~
é A W-ey
U ’ W_>I,W - - ——\s=14 TeV
1 O ’ A Q__comhinad . 10 . i
s A W= ev (systematics) : Vs=10TeV |f
B W- v (systematics)
Q *  combined (systematics) | electron channel —\s= 6TeV
1 . 8 N N 1 N N N N 1 N N N 1 LI ! l TT 17 T 77 ]’ LI l ]
i 2 3 1 15 2 25 3 3.5 4 4.5
Mass (TeV)

M(W) [TeV] :
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-~~~ Arkani-Dimopoulos-Dvalif ExtraiDimensSions

Large extra dimensions: R~sub mm scale
(0=2, ... 7) , P

M pl — st M pR
Graviton travels in ED freely.

mp: >0.83-1.6 TeV@ 95% C.L., (0=2...6)
(LEP, CDF Run II)

Jet+missing ET

Z+jets, W+jets, QCD dijets, ttbar

8
:' T T T T T T T T T T T T T T T T I T T T T ':
= \ CMS! Prelinmhinary 2 - .

\ 100 bb-l |

bb-!

1 : = Sy ~ :
= i S \. - [ ]
e e N s L 7
1 1 1 1 1 1 1 1 1 1 1 = A A 1 1

----------------

7
M, (TeV)

Gy
Mp =2TeV || 49.246 £0.056 | 18.914 £0.022
Mp =4TeV || 4253 £0.005 | 0.998 £ 0.001
Mp =6TeV || 0.862+0.001 | 0.109 £0.001

Expect background yield at 100 pb-1.

Np = 30.7 + 6.8 (stat.)"7Z (syst.)events

Profile likelihood (R. Cousins, et al.) to
estimate significance: evidence for Mp
of 3.58 TeV (2.62 TeV) for 6=2(4).

Push current limit 3 times higher for

0=2,4.
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« Mp~EWK scale, BHs can be produced at LHC

- Black disk cross section, Ggp_.pH = nrﬁ ( n, horizon radius)

* BH decays to all SM particles, high multiplicity
& spherical event shape.

« CHARYBDIS event generator + ATLAS full/
fast detector simulation

i i o
...... SRS S SR N T N T NN ST S

0 5 10 15 20 25
Multiplicity
Ping Tan, DIS 2009

n | mpy(TeV) | o (pb) Note

2 5-14 40.7

2 8-14 0.34

4 5-14 24.3

7 5-14 22.3

2 5-14 6.4 MPLNCK=2
3 5-14 28.5

5 5-14 22.7

2 5-14 40.7 KINCUT=0
7 5-14 22.3 KINCUT=0
2 5-14 40.7 | TIMEVAR=0
7 5-14 22.3 | TIMEVAR=0
2 5-14 40.7 NBODY=4
7 5-14 22.3 NBODY=4

14




ner-=p»

» Event selection, P e 7 A A ALY =
. e S 1P
scalar summation/multiplicity of 3" E
high-pt objects. §1Ozé_ ]
 Mass reconstruction, 5 ok -
w 10 3
peu= Y pi+(Er.Br.Er,.0) 5 i ;
i=objects e E
MpH = 4/ P%H . 10761000 2000 3600 74000 5000 6066 ?’036 8000 800010000
Reconstructed BH Mass [GeV]
10t e ATLAS — R A 0 A
2 . Scalar summation: *he7 = ATLAS -
2 F BH with >5 TeV threshold with few pb-! I o
- §102é— ?;
10° é— 4-object/high pr leptons—é
10.4:||||1||||||||||||||||||||||||||||||||||||||||||:

5 55 6 6.5 7 7.5 8 8.5 9
BH Mass Threshold [TeV] Mgy, o [TEV]
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Technicolor Strawman model (TCSM). mwt= mpt

wT/pT —MU. (Same final states as the Z’, graviton searches. )
Cut& count used to determine the significance. Optimize the signal mass

window with S/vB.

wt/pTt With mass up to 1 TeV can be discovered with less than 5 fb-! of

P
oo

ATLAS

- 5 o Discovery
—— 3 o Evidence

)
Gﬂ
<

Integrated Luminosity (fo™)

o - N w
O o OON 00 W 00 b

f

H‘HH‘HH‘HH‘HH‘\T

LA

P
.
e

6)
m HH%HH T A A A

Window Size (o)
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WW, WZ, ZZ scattering: the best

opportunity to study EWSB in absence of 2

a light Higgs.

Scalar/vector di-boson resonances in

Chiral Lagrangian Model.

Relative high (10s to 100s fb-! data) are

e
|
>
=
=
>
0

o
o
o
T I|§II|III|IIIII|I|III|III|III|I

Z.Z,qq (SM)
wanmne W Z1qq (SM)

— Z,.Z,a9 (500GeV)

reCIUIred 966300260 500 600 N T a—
mass [GeV]
e |
Process Cross section (fb) Luminosify (fb—1!)] | Significance
signal background for 3o for 5o for 100 fb—1!
WW/WZ — fv 57,
m = 500 GeV 0.31 = 0.05 0.79 + 0.26 85 235 3.3+ 0.7
WW/WZ — fv jj,
m = 800 GeV 0.65 + 0.04 0.87 + 0.28 20 60 6.3+ 0.9
WW/WZ — bv 57,
m = 1.1 TeV 0.24 +0.03 0.46 + 0.25 85 230 3.3 +0.8
W, Zee, m = 500 GeV 0.28 +0.04 0.20 +0.18 30 90 5.3+ 1.9
Wen Zee, m = 500 GeV 0.40 =+ 0.03 0.25 + 0.03 20 55 6.6 + 0.5
Wi Zee, m = 800 GeV 0.24 +0.02 0.30 + 0.22 60 160 39+ 1.2
W, Zpe, m = 800 GeV 0.20 =+ 0.02 0.09 + 0.06 30 90 5.3+ 1.3
W;Zepe, m = 1.1 TeV 0.11 =0.01 0.10 4= 0.06 90 250 3.1 0.8
WeoZpe, m = 1.1 TeV | 0.070 = 0.004 | 0.020 + 0.009 70 200 3.6 0.5
Ly Zee, m = 500 GeV 0.32 +0.02 0.15 + 0.03 20 60 6.6 + 0.6
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* 4 |leptons+2D jets.

Hint of 4" generation from difference in direct

CP-violation in B—Kmr, G. Hou et al., PRL95, £ .}
141601 (2005). £ |
g

me>metrmw=255 GeV, pp — b'D — FAWTIW- i

upper limits

expected 95% CL

theoretical prediction
Bonciani et al.

v ]
CDF Run 2 (2.8 fb)
Preliminary
t'—Wq, = 4 jets
Hy vs Mreco

1
200

1 2 1 3
300 400 500

t' mass (GeV/c?)

w

b Mass 300 GeV /¢ | 400 GeV/e* | 500 GeV /¢ .’g‘_wz
D" LO cross section M9pb | 805pb | 245pb =
Expected signal yield 68.2 22 8.0 =)
Ixpected background yield 737 }“h‘ g
S 750 20 000 o 10
S N/A Lo 0.0¢ a

o
e With 100 pb™! luminosity, > 5 o 2
significance for my=300 GeV. <

e Set b’ limit 450 GeV @95% C.L.

Ping Tan, DIS 2009

300 350 400

350 500
b’ mass (GeV/c?)
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Hypothetical particles in GUT-inspired models.
(J.C.Pati et. al, E. Eichten, et. al., etc)

31 LQ, >229 GeV@95% C.L., (DO).

Experimental signature: 2 high-pr leptons + 2
jets, no MET.

q

q q
g L
g LQ 1 - . g LQ 1
Qg g
& LQ q LQ q
g
1

1 1

[—

=]
]

1

q 1
LQ
q 1 q q
A 1 " q LQ q LQ q
q q
LQ
g
1 1

1
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vV

e,U,T
Quark/lepton quantum numbers. %B %_1_[3
1st& 2Md LQ, >214 GeV@95% C.L., (D0) q q

mrq in GeV' | a(pp— LOLEQ) (NLO) in pb
300 101+ 1.5
I 400 224 1038 I
] 0225 T U0
800 0.0378 £ 0.0105

Experimental signature: 2 high-
pT leptons + 2 jets, no MET.

ZIy* + jets
ttbar
SM diboson production

19
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. . 24F N R LR I = 30 T T T T T
1St and 2nd gener‘atlon LQ 22k Ll— Second generation ATLAS 7 _ r Fi‘rst gen‘eration‘ A1"LAS ;
1 1 1 o = —e— Signal - — a - —e— Signal - e .
eejj, and pyjj final states. % % R A B el
S Y T i i 2 _F g
Triggers: ~97%. C e o T wazwe 4S9 oz
3 R
. O 12 = 15
St: scalar sum of final state g ERR:
o 8F 4 £ 10F
PT- 5 o =
. 1] = 3 * 5
LQ with mass up to 400 GeV ;- E R 7
can be discovered with ~10 e TRy oy
pb‘1, [3:1 . S, [GeV] M, [GeV]
1 l I I — T T ] o T T T T I
5 ATLAS 3 09F ATLAS 3
0.95 5 o discovery contours E 3 e 1stgen. 3
0'85_ —e— 1st gen. _E 0'85 —4— 2nd gen. §
0.7 —a— 2nd gen. - 0.7 1 =
= —e— 1st gen. (no syst. unc.) 3 - - 4
0-65_ —a— 2nd gen. (no syst. unc.) E 0'65_ 1 Oopb E
0.5F 5 0.5 =
0.4F E 0.4F =
03¢ E 0.3F £
02F E 0.2 E
015 ' ' T T 1= 0-"E_| l l l l ! 3
0 50 100 150 200 300 350 400 450 500 550

Integrated luminosity [pb™]
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Leptoquark mass [GeV]
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Fractional Difference from QCD

Quark + gluon—qg*—qg.

Invariant mass spectrum of 2 leading oG
jets. |Jet n]<1
Dominant systematics: jet energy scale.

With 10 pb-', a 2TeV excited quark be TFre.
discovered (Tevatron limit, >0.87 TeV o~ foab 06 ~4aos ~doos " Soab " good * “Tooo

@ 95% C.L.)

1

L qg* signals for > o 3

0.8 :— M=0.7, 2, & 5TeV g 4000 :_ CMS Estimate _:
- ) = e . 7
0.6 - = Statistical Uncertainties Only -
- g— 3500 3

L — A
0.4 - e a
n J—Ll 1 30005 - =
0.2— - C 3
u o - =

ok 'HrrTTT]I ]l]l ‘ _:——r _l——| “‘;2500: ____ .

- ;11111111]][ gzooo_ ______ =
-0.2[ § PR ]
0aF QCD Statistical $ 1500 =
““E Errors for 100 pb' 5 - =
0.8 CMS Preliminary 8 spo |- LHC \s = 10 TeV =
:I L1 1 I 11 1 I 1111 I L1 1 1 I | 1 E E

0 1000 2000 3000 4000 5000 6000 7000 0 110 ' SE— 1"1)2 : E—— '"1)3

Dijet Mass (GeV)
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Integrated Luminosity (pb™)
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New physics at an energy scale A\ above the q > < q q
final state energy. q
Excess in leading jet pt spectrum. L DieMamecn
; ; AN v
With 10 pb-' data, discovery beyond Tevatron NS
limit (2.7 TeV @95%C.L.) is possible. ><
> 10°E T L B BRI B B e N Ry B e s
L Ee 1 O, . f - CMS Prelimi 1
g [ [ QCD & 10% energy error band || 03_5:_ LO Calculations re lmlnary1 =
% 10 !§— * . o A: = 5 TeV contact interaction ? g 3;_ _-_.___. g:e[:gy e (105 \/Egrrc;s fir41 OCZEZV_;
D ol ® % A™ =3 TeV contact interaction | | - D GE | PDF Err (CTEQ 6.1) =
= 10°E ® 3 @©°7F .
= ° -1 3 g oF —8— A" =3TeV =
10° o. |Jetn|<1, 10pb Bl D E | —— A=5Tev -
‘ = 8150 P €
- ; = - etn|<1 £ X __ -
0 8., =T e S
- $g 000 1 SosFTT -
wpy/s = 14 TeV “Hagg, “**0cg 571 LA
= CMS Preliminary f8eio0., 4 & _E ! [E
1E Gen-Level Simulation o, ] H
) D L L L L L 401 | I T Lo v 0 1y PR I | 1
200 400 600 800 1000 1200 1400 02" 04 06 o8 1 1.2 1.4
Jet p_(GeV) Jet P, (TeV)
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Low-velocity heavy charged particles:
stau (GMSB), KK-states (ED), gluino (split SUSY), stop,

B-! reconstruction: CMS tracker (dE/dx), or barrel Muon

system (TOF)

Trigger is critical,

2.2 —
F CM$ Preliminary
n ] 50 o\ _ctn ]
£ ] ~J A\ ) 7 [ i
1.81

1 1
L T

=92

DT

10

10

dE
_‘1 . =
P = Vde’

HLT Trigger Path | IMuonNonlso | IMET 1SumET 1Jet Previous [Others
Efficiency (%) Abs Inc |Abs Inc |Abs Inc | Abs Inc Abs Inc
1 156 (GeV) 9.8 968 841 19 [913 05 |749 0.0 [J 99.2 0.2
T 247 (GeV) 9.8 968 815 21 [874 0.6 |[635 00 [| 99.5 0.1
tau 300 (GeV) 752 752 78 22|79 12|21 00 78.6 44
t1 130 (GeV) 219 219 181 125|173 32 | 39 00 37.6 21
f1200 (GeV) 237 237 |20 181|251 41 | 70 0.0 || 459 3.4
t1 300 (GeV) 235 235 334 244 [357 58 |108 0.0 [} 537 4.0
f1 500 (GeV) 234 234 [393 296 |483 84 | 173 00 || 614 5.6
t1 800 (GeV) 220 220 |448 345 [629 140 217 0.0 [§ 70.5 6.6
§ 200 (GeV) 24 224 285 213 [446 136 | 98 0.0 57.3 18
¢ 300 (GeV) 226 226 353 267 [580 17.8 | 140 0.0 67.0 21
§ 600 (GeV) 213 213 | 471 361 [832 279 | 231 0.0 || 854 1.3
¢ 900 (GeV) 166 166 |495 40.0 | 924 363 [292 0.0 f§ 929 1.0
§1200 (GeV) 117 117 55.6 47.6 | 950 36.0 | 340 0.0 95.3 0.8
§1500 (GeV) 113 113 56.2 49.1 | 96.0 357 | 452 0.0 96.1 0.2
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Particles in 100 pb™

« Sensitive to 1 TeV gluino with 1 fb-! luminosity.
« With few 100 pb-', GMSB stau could be discovered.

IIIIIIIIIIIIIIIIIIIIII_

3

T T IIIIIII

CMS Preliminary

—
o

T T T TTTT

B Gluino

- Stop

BB GMSB stau
[+ KK tau

L1 1 L1 1 | I lllllllll

600 800 1000 1200 500 400 600 800 1000 1200
Mass (GeV) Mass (GeV)
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* There is a very rich exciting exotic physics program at LHC, probing many
fundamental aspects of the nature;

» Extended gauge symmetry: W', Z' gauge bosons

« Extra dimensions: ADD, Black Holes

* Alternatives to EWSB mechanism: technicolor, vector boson scattering.

* Probing “elementary” particles, 4th generation, excited quarks, leptoquark.
* New interactions at high energy scale in jet production.

» More generic searches: HSCP.

 Current experimental reach will be largely extended even with early LHC
running (~ 100 pb).

* Due to limited time, many other important physics analyses are not discussed
here: model unspecific search, Z’—711, RS gravitons, ...

» Stay tuned for the exciting LHC run this year! Nature could come up with a
surprise.

Ping Tan, DIS 2009

25




26

, DIS 2009

Ping Tan




107
-8

T T T o NO Sys'[emathS _f’ 1
Trigger (&)
e Trigger + DY (9% nuisance parameter) -~ 10"

4 300pm misalignment

ATLAS

.

= No systematics
Trigger
e Trigger + DY (9% nuisance parameter)

; a 300um misalignment
300um (+-150 um nuisance parameter) 102 = 300um (+-150 pm nuisance parameter)
0_All systematics : o All systematics

5 o discovery pote\\K\ \ e 1

Lummosnty (pb“)
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lepton+hadronic final state.

single electron/muon trigger, ~70%.

dijets, ttbar much more enhanced.

Z', m=600 GeV.

132 signal , 181 background evens. 3.4 sigma significance at 1 fb-1

Px.£Pyh — Px.hPy.t Px.tPyh — PxhPyt

e = / 2 Xy = s Xp =
e \/(ﬂ +pat pr) PyhPx.t+ Pyh Px —PxhPye — PxhBy’  PyhPut~+ Pt Py —PxhPyt — PyiPr

®

ATLAS

Events/b

QCD
. | WH+jets
Drell-Yan

. | WH+jets
Drell-Yan

‘ 1 1 1 ‘ 1 1 1 ‘ 1
1000 1200 1400
Visible Mass GeV

g ; Egﬁﬁ% P R I
800 1000 1200 1400
Collinear Mass GeV
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* e, mu, gamma, jet/tau, ...

ATLAS CMS

Muon * ~ 1200 Monitored Drift Tube (mDT) + « Barrel (DT)
System Cathode Strip Chamber (CSC),  Endcap (CSC)

* Triggering: 600 Resistive Plate Chamber _ .

(RPC) and 3600 thin Gap chambers * Triggering: RPC + DTs

(TGC). « Resolution: DpT/pT < 5%

» Resolution: standalone DpT/pT < 10% upto 1 TeV

upto 1 TeV. « Dimuon mass resolution: <

1% @ 100 GeV.

EIectroMagn  Barrel, endcap: Pb-LArEnergy  Barrel, endcap: Lead-
etic _ * Resolution (e): ~10%/sqrt(E). Luansgesjate crstal - (PbWo45)
Calorimeter :

 Resolution (e):

Ping Tan, DIS 2009
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New gauge groups

Extra Dimension
Alternative to EWSB
Exotic fermion, quark/lepton substructure
Contact Interaction

Less model-driven search

Ping Tan, DIS 2009
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« 2 4-D branes connected by a warped ED,

ner-=p»

\ AdSc
- —krm \ J
m, = kx,e ¢ \
f f V Planck \\ TeV
h -k
Gk Gk M, / R / Mpe
f f V L -
_ : k, AdSs curvature CMS
Same final states as Z' decays. el P | T BRG — o' o)
. . . . . . odel Farameters (o] (o) — e e
Differ in angular distribution, spin=2 - ¢
mG | k/My | [GeV] | [GeV] [fb]
N SR R AT RN R B RS RSN IS R X
0.9 Tg 500GeV | 0.01 | 0.08 | 4.6 187.4
E_ l%;@" ijll ‘é°§.°°§‘.,’.".7'°‘j.‘}ll ki
0.8F N by e .
orf gt R 750GeV | 0.01 | 0.10 | 6.4 27.7
E T E
o.e- A E 1.0TeV | 0.02 | 057 | 7.9 26.0
0.5F =
0.4 ~—— Drell Yan sampies - 12TeV | 0.03 | 1.62 | 103 22.4
0-3 ;_ - Z prime sam, ples _;
o= CMS S E 1.3TeV | 0.04 | 298 | 114 25.3
il E 1.4TeV | 005 | 502 | 13.1 26.8
055661660 1500 2660 2500 5600 35006 4000 "

Generated M(un) GeV
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Randal-Sundrum Graviton

« Alarge allowed region can be
covered with 1 fb-1.

ner-=p»

H. Davoudiasl et al. hep-ph/000604

I I [
Tevatron
[Rs|<MZ

0.20

Integrated luminosity, fb”

—kr.m
A = e c 0.10 |-
R PI 0.07 Allowed Region
= A,<10 TeV
I= 0.05
=
0-02 Oblique Parameters
. 1000 2000 3000 4000
_ (GeV)
k/Mpi = 0.01, 0.02, 0.05, 0.10 (electron channel) ™ e WWL20.01 (<1.6)
10 r o LB L VLR W ) A YL LA I B LR ’ ’
- e —o— k/M_=0.02 (x1.6)
/ P P o 10°E ATLAS o WM =003 (x16)
/ v ] ? E —e— kM=0.04 (x1.6)

. b : o —s— k/M,=0.05 (x1.6)
: / i / = [ —=— 50 Discovery
I / y % 10°E —* 3o Evidence _

-2| 10 =
F/ ] X b) u ) ]
(CMS : muon ¢hannel i J' L dt=1.0fb" Vs=14TeV ]

10 s s b 55 Taob 755" Bo00" 3255 3e00" 37553000 1555008003000 3200 230 800"

Graviton mass, GeV/c”

Graviton M (GeV)
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Events / 20 GeV per 100 pb”

ner-=p»

WR and heavy Majorana neutrino in Left-right
symmetric model (LRSM).

Wr >1.6 TeV, (KL-Ks mass difference)
Same final states as LQ quark search.

150 pb-! luminosity needed for 300 GeV Majorana

neutrino (mwr = 1.8 TeV).

two jets

= | T T T T l T T T T I = 10.0 T T | | T T
- € —LRSM_18_3 |1 [ ATLAS | A — LRSM_18_3 (with syst. unc.) i
: @ —LRSM_15_5 i i A — LRSM_18_3 (without syst. unc.) | |
Vv — ttbar i B — LRSM_15_5 (with syst. unc.) i
10° | O — Drell=Yan = 75 — LRSM_15_5 (without syst. unc.) |_|
- A — VB pairs 3 @ L |
N ] s L _
i ATLAS S B Py
5 s
10' & = = i e ]
3 1 £ so et
C ] R B L .
L - | P & -
B i § /"/ v_,""‘v
% B A ,A-"" 7]
1= | R=z ~ J,,"i,.‘ .
10" i & P AEIE NI, JUY LR s &) B | | .
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