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• A direct search for new particle 
resonances: Scalar Color Octet (s8), 
excited quarks (q*).

• Di-jet background is fit using the given 
function to minimize statistical fluctuations.

• New Phenomena (NP) are manifested as 
Bumps or gradual excesses in the mass 
and angular distributions.
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DI-JET ANGULAR DISTRIBUTIONS
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χ = exp(|y1 − y2|) = exp(2|y∗|) (1)

1

• Use angular distributions to search 
for other indications of new 
physics: Contact Interactions 
(CI), Quantum Black Holes 
(QBH).

• QCD di-jets are flat in χ.

• y1 is the rapidity of the leading jet.

• NP will usually manifest an excess 
at low χ (not necessarily).

Brief Article

The Author

May 9, 2012

χ = exp(|y1 − y2|) = exp(2|y∗|) (1)

Fχ =
Ncentral
Ntotal

(2)

1

• Fχ is the fraction of central 
events to all events in the χ 
distribution.

• Central is defined as χ < 3.32.

• Total is defined as χ < 30.

• A measure of isotropy of di-jet 
events.

3
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DI-JET LIMITS
• Limits set on cross section times acceptance, using multiple 

techniques.

• Limits set using mass resonance on q* and s8 models.

• Limits on CI and QBH set using Fχ and χ distributions independently.
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PHOTON + JET
• Use excited quarks(q*) as a benchmark.  

(other exotic models, quirks, Regge 
excitations of string theory, topological 
pions,postulate a γ + jet resonance.)

• SM γ + Jet production arrises from Compton 
scattering, qqbar annihilation, and final state 
radiation.

• For q* model; mq* set as compositeness scale, SU
(3), SU(2), and U(1) coupling multipliers set to 1.  

• These assumptions give, at mq* = 2.5 TeV, BR
(u*→ug(uγ)) = 0.85 (0.02).

• q* excluded for masses below 2.46 TeV

• Limits also set on general gaussian resonance with 
varied widths.
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DI-PHOTONS
• Use di-photons mass distribution to search for gravitons in 

extra-dimensions: Arkani-Hamed, Dimopoulos, 
Dvali (ADD), and Randall and Sundrum (RS).

• RS (1 extra dimension) is characterized by the coupling 
parameter k = k/MPl [0.01 - 0.1], and M1. 

• k is curvature of ED, MPl is reduced plank scale, M1 is the 
resonance central value.

• Search for resonances peaks in wide mass windows.

• ADD is characterized by Ms or ηG. 

• Ms is an ultra violet cut off, ηG is a parameter related to Ms 
and the graviton production.

• Search for excess > 0.9 TeV.
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Table 2: The 95% CL lower limits on MS (in TeV) in the GRW, Hewett, and HLZ conventions for

two values of the ADD signal K factor. All limits are computed with a signal cross section trun-

cated to zero for
√

ŝ > MS. The limits are presented for both positive and negative interference

in the Hewett convention and for nED = 2–7 in the HLZ convention.

K factor GRW
Hewett HLZ (nED)

pos. neg. 2 3 4 5 6 7

1.0 2.94 2.63 2.28 3.29 3.50 2.94 2.66 2.47 2.34

1.6 3.18 2.84 2.41 3.68 3.79 3.18 2.88 2.68 2.53
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Figure 3: The 95% CL exclusion region for the RS1 graviton model in the M1–k̃ plane. The

expected limits coincide very closely with the measured limits and so are not shown in the

figure. Also shown are bounds due to electroweak constraints [27] and naturalness (Λπ >
10 TeV). Perturbativity requirements bound k̃ � 0.10.
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W PRIME
• Search for massive resonance in mT of a lepton and 

missing energy, postulated by many Beyond the 
Standard Model (BSM) theories.

• Considered L-R symmetric models as well as 
interference in the Sequential Standard Model
(SSM) framework.

• Depending on Interference the mT spectra can be 
enhanced or reduced.

• Also considered are Universal Extra 
Dimensions (UED) or Split-UED models.

• Model is characterized by R (size of ED) and µ 
(bulk mass parameter).

• W2kk is only mode considered given the kinematic 
and theoretical constraints.

• Decay to leptons is kinematically identical to SSM 
Wʹ .

arXiv:1204.4764
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W PRIME

• MC Backgrounds are fit using the 
function given, and normalized to 
data (200 GeV < mT < 500 GeV).

• Search for excess above mTmin. 
threshold.

• No excess is observed.
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W PRIME LIMITS
• Limits set using a bayesian method assuming a flat prior.

• Limits on cross section times branching fraction set for 
SSM W Prime.

• Also shown are cross sections for Wkk from split-UED 
models.

• The paper also sets exclusion limits in 1/R, µ space.

• Acceptance loss is seen at higher masses due to 
kinematic limit for production of high mass W Prime.
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Z PRIME
• A general search for narrow high mass 

resonances in ee and µµ mass distributions.

• Use SSM Zʹ, and E6 Grand Unified 
theory(GUT) Zʹ as benchmarks.

• The pattern of the symmetry breaking 
and the mixing angle (θE6) determine the 
Zʹ fermion couplings.

• E6 GUT Zʹ states: Zʹψ, ZʹN, Zʹη, ZʹI, ZʹS 
Zʹχ

• Other models investigated are:

• Z*, techni-mesons, spin-2 RS 
gravitons (G*, Gkk)

 [GeV]µµm
 100 200 300 1000 2000

Ev
en

ts

-310

-210

-110
1

10

210

310

410

510

610

710
Data 2011

*Z/
Diboson
tt

W+jets
QCD multijet
Z’(1500 GeV)
Z’(1750 GeV)
Z’(2000 GeV)

 PreliminaryATLAS

-1 L dt = 5.0 fb

 = 7 TeVs

ATLAS-CONF-2012-007

10

CMS-PAS-11-002



- J. Degenhardt - Blois 2012 -

m [TeV]
0.5 1 1.5 2 2.5 3

 B
 [p

b]

-410

-310

-210

-110

1
Expected limit

 1±Expected 
 2±Expected 

Observed limit
 = 0.1PlMk/
 = 0.05PlMk/
 = 0.03PlMk/
 = 0.01PlMk/

 PreliminaryATLAS

 llG* 
 = 7 TeVs

-1 L dt = 5.0 fb: µµ

-1 L dt = 4.9 fbee: 
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• Use a bayesian analysis with a flat prior to set 

limits on cross section times branching 
fraction.

• Limits set on E6 GUT Zʹ.

• Limits also set on RS gravitons.
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Figure 4: The expected and observed 95% C.L. upper limits on σB as a function of mass for Z� (left)
and G∗ (right) models for the muon channel. The thickness of the Z�SSM (left) and the G∗ for k/MPl=0.1
(right) theory curves illustrate the theoretical uncertainties.

Table 4: The observed (expected) 95% C.L. mass lower limits in TeV on Z�SSM resonance and G∗ graviton
(with k/MPl=0.1), for the dielectron and dimuon channels separately and for their combination.

Model Mass limit [TeV]
e+e− µ+µ− �+�−

Z�SSM 2.07 (2.14) 1.99 (2.01) 2.21 (2.26)
G∗ 2.03 (2.05) 1.90 (1.92) 2.16 (2.17)

Table 5: The observed 95% C.L. lower limits on the masses of E6-motivated Z� bosons and RS gravitons
G∗ for various values of the coupling k/MPl. Both lepton channels are combined.

E6 Z� models RS graviton
Model/Coupling Z�ψ Z�N Z�η Z�I Z�S Z�χ 0.01 0.03 0.05 0.1
Mass limit [TeV] 1.76 1.78 1.84 1.84 1.90 1.96 0.91 1.45 1.71 2.16

8 Conclusion

The ATLAS detector has been used to search for narrow, high-mass resonances in the dilepton invariant
mass spectrum. Proton-proton collision data with integrated luminosities of 4.9 (5.0) fb−1 in the dielec-
tron (dimuon) channel have been used. The observed invariant mass spectra are consistent with the SM
expectations. Limits are set on the cross section times branching fraction σB. The resulting lower limits
on the mass of a new resonance are 2.21 TeV for a Sequential Standard Model Z�, 1.76−1.96 TeV for
various E6-motivated Z� bosons and 0.91 TeV−2.16 TeV for a Randall-Sundrum graviton with couplings
(k/MPl) in the range 0.01−0.1.

9

Model Limit[TeV]

SSM Zʹ 2.32

ZʹΨ 2.00

Gkk (k=0.05) 1.81

Gkk (k = 0.1) 2.14
10

-4

10
-3

10
-2

10
-1

10
-4

10
-3

10
-2

10
-1

1900 GeV
2000 GeV
2100 GeV
2200 GeV
2300 GeV
2400 GeV
2500 GeV
2600 GeV
2700 GeV
2800 GeV
2900 GeV
3000 GeV
3100 GeV

cd
c u

CMS preliminary, ! Ldt = 4.7/4.9fb-1, ee/µµ " s = 7 TeV#

•  $
•  %

•& 

•  S

•N 
E6

•  R
•B-L 

•LR  

•  Y
LR

•  SM

•  T3L

•Q  

GSM

Mixing angle:
(-'/2,-'/4)
(-'/4,0)
(0,'/4)
('/4,'/2)

ATLAS-CONF-2012-007

~
~



- J. Degenhardt - Blois 2012 -

Z PRIME TO TAUS
• Search for resonance in visible mass spectrum.

• Look at all hadronic, e+had, μ+had and eμ channels.

• SSM Z’ excluded up-to 1.36 TeV, and E6 Z’ excluded up-to 1.1 TeV
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DIBOSON RESONANCES
• Heavy particles decaying to bosons is 

predicted by several models:  Extended 
Gauge Model (EGM), Extra 
Dimensions (ED), and Technicolor.

• Look for resonances in ZZ, WZ, VZ.
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SUMMARY

• Presented was a selection of various searches for new physics particles from 
ATLAS and CMS.

• No evidence for new physics is found yet, but the search has only just begun.

• There are many searches being performed and expect more to be out very 
soon.

http://cms.web.cern.ch/org/cms-papers-and-results

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/ExoticsPublicResults

14
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,missTEuutt CI : SS dilepton + jets + 
ll

m combined, µµqqll CI : ee, 
)

jj
m($qqqq contact interaction : 

)jjm(
$

Quantum black hole : dijet, F T
p%=3) : leptons + jets, DM /THMADD BH (

ch. part.N=3) : SS dimuon, DM /THMADD BH (
jetsN, 

T
p%=3) : multijet, DM /THMADD BH ( tt

m l+jets, " t=-0.20 : tsg/
qqgKK

gRS with 
llll / lljjm = 0.1 : ZZ resonance, PlM/kRS with 

llm = 0.1 : dilepton, PlM/kRS with 
##m = 0.1 : diphoton, PlM/kRS with 

,missT
E + ##UED : 

Large ED (ADD) : diphoton
Large ED (ADD) : monojet

)Q/m! = qQ&Q mass (coupling 760 GeV  (2011) [1112.5755]-1=1.0 fbL

)Q/m! = qQ&Q mass (coupling 900 GeV  (2011) [1112.5755]-1=1.0 fbL

Scalar resonance mass1.94 TeV  (2011) [ATLAS-CONF-2012-038]-1=4.8 fbL

 massL
±±H355 GeV  (2011) [1201.1091]-1=1.6 fbL

(N) < 1.4 GeV)m mass (RW2.4 TeV  (2011) [Preliminary]-1=2.1 fbL

) = 2 TeV)R(WmN mass (1.5 TeV  (2011) [Preliminary]-1=2.1 fbL

))
T
'(m) = 1.1 T(am, Wm) + T((m) = 

T
'(m mass (

T
'483 GeV  (2011) [Preliminary]-1=1.0 fbL

) = 100 GeV)T((m) - T)/T
'(m mass (T)/T

'470 GeV  (2011) [ATLAS-CONF-2011-125]-1=1.1-1.2 fbL

*))µ = m(** mass (µ1.9 TeV  (2011) [ATLAS-CONF-2012-023]-1=4.8 fbL

 = m(e*))*e* mass (2.0 TeV  (2011) [ATLAS-CONF-2012-023]-1=4.9 fbL

q* mass3.35 TeV  (2011) [ATLAS-CONF-2012-038]-1=4.8 fbL

q* mass2.46 TeV  (2011) [1112.3580]-1=2.1 fbL

) < 140 GeV)0(AmT mass (420 GeV  (2011) [1109.4725]-1=1.0 fbL

b' mass400 GeV  (2011) [Preliminary]-1=2.0 fbL

 mass4d480 GeV  (2011) [Preliminary]-1=1.0 fbL

 mass4u404 GeV  (2011) [1202.3076]-1=1.0 fbL

 mass4Q350 GeV  (2011) [1202.3389]-1=1.0 fbL

 gen. LQ massnd2685 GeV  (2011) [Preliminary]-1=1.0 fbL

 gen. LQ massst1660 GeV  (2011) [1112.4828]-1=1.0 fbL

W' mass2.15 TeV  (2011) [1108.1316]-1=1.0 fbL

Z' mass2.21 TeV  (2011) [ATLAS-CONF-2012-007]-1=4.9-5.0 fbL

*1.7 TeV  (2011) [1202.5520]-1=1.0 fbL

 (constructive int.)*10.2 TeV  (2011) [1112.4462]-1=1.1-1.2 fbL

*7.8 TeV  (2011) [ATLAS-CONF-2012-038]-1=4.8 fbL

=6)+ (DM4.11 TeV  (2011) [ATLAS-CONF-2012-038]-1=4.7 fbL

=6)+ (DM1.5 TeV  (2011) [ATLAS-CONF-2011-147]-1=1.0 fbL

=6)+ (DM1.25 TeV  (2011) [1111.0080]-1=1.3 fbL

=6)+ (DM1.37 TeV  (2010) [ATLAS-CONF-2011-068]-1=35 pbL

KK gluon mass1.03 TeV  (2011) [ATLAS-CONF-2012-029]-1=2.1 fbL

Graviton mass845 GeV  (2011) [1203.0718]-1=1.0 fbL

Graviton mass2.16 TeV  (2011) [ATLAS-CONF-2012-007]-1=4.9-5.0 fbL

Graviton mass1.85 TeV  (2011) [1112.2194]-1=2.1 fbL

Compact. scale 1/R (SPS8)1.23 TeV  (2011) [1111.4116]-1=1.1 fbL

 (GRW cut-off)SM3.0 TeV  (2011) [1112.2194]-1=2.1 fbL

=2)+ (DM3.2 TeV  (2011) [ATLAS-CONF-2011-096]-1=1.0 fbL

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

-1 = (0.04 - 5.0) fbLdt,
 = 7 TeVs

ATLAS
Preliminary

ATLAS Exotics Searches* - 95% CL Lower Limits (Status: March 2012)
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TOP RESONANCES
• searches for leptophobic Z’ and Kaluza-

Klein gluon excitation (gkk).

• Looking at lepton+jets, and dilepton 
channels.

• Lepton+jets reconstruct the top pair 
mass using the W mass as a constraint.

• Dilepton channel looks at effective mass.
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W PRIME ACCEPTANCE
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Z PRIME LIMITS
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THREE JET RESONANCES

• Look for three jet resonance 
in 6 jet final states.

• Use gluino as a benchmark.
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