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Motivation

 The Standard Model (SM) provides an excellent description
of HEP experimental data

— No major SM-data discrepancies

— If “Higgs-like” = SM scalar, all SM particles observed
 And yet...the SM leave many questions unanswered

— Dark matter, # generations, hierarchy problem...
 Numerous Beyond-the-SM (BSM) theories predict new

phenomena at the TeV scale that are accessible at the LHC
* Search for BSM resonances on smooth SM backgrounds

— Focus on a selection of recent results, apologies if your
favorite is left out

— Leptonl=¢,
— All limits are quoted at the 95% CL
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High-Mass Dilepton Resonances
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W’ = Lepton + MET

CMS Preliminary

Search for heavy resonances decaying
to I+MET: W’ (SSM, E6), W*, UED...
ATLAS [5fb' @ 7 TeV, EPJ C 72:2241]

CMS [20 fb! @ 8 TeV, EXO-2012-060]
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Type Ill Seesaw Model Heavy Leptons

Seesaw models generate light masses of
neutrinos with addition of massive particles
CMS: 5:5%where 5*2> W v, 50> W |
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ATLAS: N*N° where N* 2> Z |5, N> W |
ATLAS [6 fb! @ 8 TeV, CONF-2013-TBA]

F
u e
20
w+ we ve/ve
£+
W+
E+
d ve
CMS g
Scenario | 95% CL: ¢B (tb) 95% CL: My (GeV)
Exp. Obs. Exp. Obs.
FDS 22 20 177 179
US 13 11 201 211
eS 13 13 202 204

Events / 20 GeV

107

10

10"

102

M(N) > 245 GeV [ATLAS]

7 March 2013

> 350 GeV for [T B=1.00

S B LR ERREN LEREN EERELD LN LS LLEE
—— Data %4« BKg (sys @ stat
= ATLAS B ww B zz
= Preliminary Wy = vw
- 1 #tv Single Top
~Vs=8TeV, f Ldt=58f" W Z+ets ] W+jets
= 1 N[200 GeV] || N[300 GeV]
PR I T T T T T T (W I
100 150 200 250 300 350 400 450 500
My [GeV]
= e e e e e B B =
= B ovserved 95% C L limit 3
1 e Expected 95% C.L. limit =
Z TR e Expected limit + 1o E
[ -
m =
= =
o 3
Dy E
! =
z =
b ATLAS Preliminary 3
Jat=ssm® 3
{s=8TeV =
R T
300 350 400

my [GeV]



Resonant WZ = 3lv Production
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Resonant ZZ Production

Search for G =2 ZZ where Z=21l, Z=2jj

CMS [5 fb! @ 7 TeV, PLB 718, 1208]

ATLAS [7 fb! @ 8 TeV, CONF-2012-150]
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Dijet Resonances

ATLAS & CMS results @ 8 TeV. Many BSM dijet resonances predict
narrow s-channel resonances: q*, W’, Z’, RS G...
ATLAS [13 fbl, CONF-2012-148] and CMS [20 fb!, EXO-12-059]
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CMS

Dijet Resonances

7 March 2013

John Butle

Model Final State Obs. Mass Excl. Exp. Mass Excl.
[TeV] [TeV]
String Resonance (S) qg [1.20,5.08] [1.20,5.00]
Excited Quark (q%) qg [1.20,3.50] [1.20,3.75]
Eg Diquark (D) qq [1.20,4.75] [1.20,4.50]
Axigluon (A)/Coloron (C) qq [1.20,3.60] + [3.90,4.08] [1.20,3.87]
Color Octet Scalar (s8) gg [1.20,2.79] [1.20,2.74]
W’ Boson (W) qq [1.20,2.29] [1.20,2.28]
Z' Boson (Z) qq [1.20,1.68] [1.20,1.87]
RS Graviton (G) qq+8g [1.20,1.58] [1.20,1.43]
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Summary

ATLAS Exotics Searches* - 95% CL Lower ts (Status: HCP 2012)
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LHC Reach for New Physics @ 14 TeV
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High-Mass Dilepton Resonances

CMS Preliminary
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High-Mass Dilepton Resonances

Table 4: e*e™, "y~ and combined 95% C.L. mass limits on Z¢,,.

ATLAS - — > - 7
Zgy 2 €€ Zogy D WU Zggy o U
Observed mass limit [TeV] 2.79 2.48 2.86
Expected mass limit [TeV] 2.76 2.52 2.85

Table 5: Combined mass limits at 95% C.L. on the Eg-motivated Z' models.

Model Z, Z Z, VA Z Z,
Observed mass limit [TeV] | 2.38 239 244 242 247 254
Expected mass limit [TeV] | 2.37 238 243 240 246 2.53

Table 6: e*e™, u*u~ and combined 95% C.L. mass limits on graviton (G*).

G'-ee G -ouuy G -
Observed mass limit [TeV] 2.40 2.10 2.47
Expected mass limit [TeV] 2.40 2.17 247
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Table 3: Summary of all exclusion limits in the electron and muon channels as well as their
combinations. The interpretation labelled as SSM assumes no interference of W and SM W.
This interference effect is considered with opposite signs of the couplings in the model labelled
as SSMO and same sign with SSMS. The reinterpretation in terms of split UED is given for two
bulk mass parameters u and the corresponding two Wiy mass limits are shown. Limits on A

W’ = Lepton + MET

in the helicity non-conserving CI are given in the last rows.

Model Channel Observed limit | Expected limit
SSM © myy < 3.20TeV | myy < 3.25TeV
SSM U myy < 3.15TeV | my < 3.10TeV
SSM combined myy < 3.35TeV | myy < 3.40TeV

SSMO ¢ myy < 3.60TeV | myr < 3.60TeV

SSMO u myy < 3.05TeV | myr < 3.30TeV

SSMO combined myy < 3.60TeV | myy < 3.60TeV
SSMS e myy < 3.00TeV | myy < 3.10TeV
SSMS U myy < 2.80TeV | myy < 2.90TeV
SSMS combined my < 3.10TeV | my: < 3.20TeV
Wik | #=0.05TeV, combined | my: < 17TeV | my: < 17TeV
Wik | #=10.0TeV, combined | my: <3.7TeV | my: < 3.6TeV

HNC CI e A <13.0TeV A <133 TeV
HNC CI u A <109 TeV A <122TeV

7 March 2013
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Resonant WZ =2 3lv Production

CMS 2011
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Resonant WZ =2 3lv Production

__ | ATLAS
evee pvee evupu LV inclusive
Region Exp. Obs. | p-value Exp. Obs. | p-value Exp. Obs. | p-value Exp. Obs. | p-value Exp. Obs. | p-value
myz> 350GeV | 109+42 | 8.0 0.37 141+34 (170 030 |17.5+42 (210 028 |200+40|170| 036 |625+95|630| 048
myz>400GeV | 6.2+3.0 | 6.0 0.60 92+26 | 120 | 0.26 99+32 | 130 025 |125+3.1 | 120 054 |378+7.1 (430 029
myz>450GeV | 40+26 | 2.0 0.40 65+22 | 100 | 0.18 62+26 | 6.0 0.59 82+25 | 9.0 043 |250+58|27.0| 039
myz>500GeV | 25+2.1 | 2.0 0.61 42+18 | 7.0 0.18 45+22 | 20 0.28 57+22 | 7.0 036 |17.0+48 (180 | 043
myz>550GeV | 1.7+17 | 1.0 0.60 31+15 | 50 0.23 29+1.8 | 0.0 0.15 40+18 | 50 036 |11.6+42 | 11.0 | 054
myz> 600GeV | 1.1+£1.1 1.0 0.72 23+13 | 3.0 0.38 21+1.1 | 0.0 0.18 29+15 | 20 0.50 85+33 | 6.0 0.37
myz> 650GeV | 0.7+06 | 1.0 0.45 14+1.0 | 2.0 0.36 1.7+£09 | 0.0 0.26 25+14 | 20 0.59 62+23 | 5.0 0.46
myz>700GeV | 04+04 | 1.0 0.30 09+08 | 20 0.23 12+07 | 0.0 0.39 19+12 | 2.0 049 44+19 | 50 0.42
myz>750GeV | 03+03 | 1.0 0.24 07+06 | 20 0.17 09+06 | 00 0.48 1.4+1.0 | 2.0 0.37 3315 | 5.0 0.26
myz>800GeV | 0.3+03 | 1.0 0.21 05+05 | 1.0 0.36 06+05 | 00 0.59 1.2+09 | 1.0 0.70 26+13 | 3.0 0.45
myz> 850GeV | 0.1+0.1 1.0 0.11 05+05 | 1.0 0.32 04+04 | 0.0 0.70 09+08 | 0.0 0.50 19+1.1 | 20 0.51
myz> 900 GeV | 0.1+0.1 1.0 0.08 03+03 | 1.0 0.23 03+03 | 0.0 0.79 08+07 | 0.0 0.53 1.5+09 | 20 0.39

Table 2: The observed and expected numbers of events in different myz regions. The p-value, which
is defined as the probability for the expected number of events to fluctuate to the observed number of
events or beyond, assuming a Poisson distribution of the expected number of events, is also shown. The
relative uncertainties on the expected background were calculated in a conservative fashion by sym-
metrizing them in each bin and correlating them between different bins. This together with the statistical
fluctuations of each individual channel produces the relative uncertainties shown above.
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Resonant WZ =2 3lv Production

— | ATLAS
evee pvee evyp Jnynn Sum
Sample Channel Channel Channel Channel
Backgrounds:
Wz 301 +1.2+40 | 520+14+52 | 602+14+58 | 81.5+1.6+7.7 233 +£3+22
7z 37£0.1+£03 | 33+0.1+02 | 36+0.1+03 | 44+01+03 | 150+02+09
Zy 24+1.0+09 negl. 6.0+1.8+08 negl. 84+21+12
Fake Background (data-driven) 4.0+ 10717 6.6 +1.1723 11.0 £ 1.7532 8.0 +1.2%32 29.6 +2.6%5%
Sum of Backgrounds 492+19+44 | 619+18+58 | 808+28+7.8 | 93.9+2.0+83 286 +4 +24
Data 55 73 98 98 324
Signals:
W — WZ (M(W') = 800 GeV) 7.8+0.2 8.5+0.2 9.0+0.2 10.1+0.2 354+04
W — WZ (M(W') = 1000 GeV) 3.1+0.1 33+0.1 35+0.1 35+0.1 134 +0.2
W — WZ (M(W') = 1200 GeV) 1.3+0.1 1.3+0.1 1.3+0.1 14+0.1 53+0.1
pr — WZ (M(pr) = 400 GeV) 142 +0.7 17.8 +0.7 223+0.8 250+0.38 793+1.6
pr — WZ (M(pt) = 600 GeV) 49+0.2 58+0.2 6.7+0.2 73+0.2 247+04
pr — WZ (M(pt) = 800 GeV) 20+0.1 1.9+0.1 23+0.1 26+0.1 8.8+0.2

Table 6: The estimated background yields, the observed number of data events, and the predicted signal
yield after applying the basic signal selection cuts. No selection on the WZ invariant mass is applied.
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Search for Dijet Resonances
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Search for Dijet Resonances
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