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BSM physics @ the LHC

e Searches for Beyond Standard Model physics is a primary
goal of the LHC program at CERN

* Such new physics could manifest in many ways; one of the
most obvious is in the form of new resonance(s)

* ATLAS strategy: Model-independent searches, in the
absence of a discovery, set limits on benchmark/generic
models, and/or physically interesting ones
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What do we set limits on?

The mass of a new particle

Other Model Parameters

New gauge
bosons:
W’'/W*, 7' [7* ...

Excited @/
quarks
Technimesons:
R, w,a..

Couplings

Mass threshold
for production

Quantum
Black Holes

See talk by C. Clement




Dijet resonance
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Dilepton resonances

22p;>25GeVeoru

Irreducible, dominant: DY

arXiv:1405.4123

Theoretical uncert.

Reject poorly-measured E
(electrons) or p (muons)

Multi-jet (el channel only),

Beam energy uncert.

Diboson, ttbar

Resolution (muons)

Multi-jet BG (electrons)
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. {+ MET resonances
Criteria: Systematics:
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{p;>25GeV

Events / 80 GeV

Y E; > 40 GeV

MET > 35 GeV

[}
My mer) > 40 GeV 5
if {&=e, m,, not in 5

15 GeV of m,

AR(¢y) > 0.7,
{ & vy isolated

Backgrounds:

Dominant is SM Vy

Vy, diboson, top BG
from MC

W/Z+jets data-
driven estimate

arXiv:1407.8150
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/Yy resonances

arXiv:1407.8150 ’
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Systematics:
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W/Z resonances
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. ZZand ZW resonances
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™ 4 b jets resonances
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Summary

* No evidence for new resonances found, but
limits have been set on many models

— In many cases, general limits assuming no
specific model have also been set (useful for
further interpretation)

e Sensitivity to new resonances dramatically
increases with center of mass energy of
collisions

— Preparations for Run Il are underway

— In some cases possible to surpass Run |
sensitivity with just a few fb* @ 13 TeV
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Model parameters

« ADD: One or more ED. KK excitations of Graviton and quantum black holes
(QBH) predicted. New resonance is lightest Graviton mode (G*). QBH not
resonances, but for some models can be treated as such, so some limits on
mass threshold for QBH production (M, ). (For dedicated BH/QBH
searches see talk by C. Clement).

e RS 1:Two 4D branes in a 5D bulk, with ED in bulk compactified. SM
particles confined to one brane. Limits set on G* mass vs coupling k/Mpl.

 Bulk RS: As RS 1, but SM particles can propagate into the bulk.

e W’,Z": Benchmarks SSM and EGM. Sequential Standard Model high-mass
gauge bosons have same couplings as SM W/Z. Extended Gauge Model has
modified coupling to WZ. Limits set on masses of new bosons.

 WH*, Z*: Chiral gauge bosons with masses near weak scale. Limits set on
their masses.

 q*: Excited states of a composite quark. Limits set on excited quark mass.

e Technicolor: (Low Scale Technicolor, Minimal Walking Technicolor) New
force analogous to strong force. Models include Higgs boson consistent
with LHC discovery. Limits set on masses of new technimesons, couplings.
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EM cluster with assoc.
ID track (e, conv. y)

Conv. vtx. resolve
between e and conv. y

Trk-clus match, trk qual,
shower shape in calo to
reject hadronic BG

e 2 use medium level
working point

Y = use tight level
working point

el (y)in |m|<2.47 (2.37),
less 1.37<|n|<1.52

Usually trk in ID
and MS

Can use just ID trk+
calo, or just MS trk

Use stringent req.
on MS hits, MS/ID
trk match

MET

From sum of E; of
all clusters in calo
(Im] <4.9)and u

Correct for clus.
assoc. w/reco obj.

15

Seeded by clusters in hadronic calo

Reconstruct with anti-k, algorithm in
In| < 2.8, with cone size 0.6 or 0.4

For j with |m| < 2.5 use vertexing to
reject pileup




Matrix method for fake BG 16
several searches

estimation

* Jets can fake muons or electrons or photons
(more common)

e Estimate BG from data-driven method:

— Have a nominal selection (as for the signal
candidates)

— Have a loosened selection (background-enriched
sample)

— Relate number of events that pass/fail each
selection to the number of events with no fakes

and the number of events with fakes

— Use also probabilities that a real e/u/y passes each
selection (r) and the probability a jet fakes e/u/y




Matrix method for fake BG 17
several searches

estimation (2)

* Can form matrix relating number of events
where objects pass nominal (T) selection vs
loosened (L) selection, and number of
events with real prompt particles (R) vs
fakes (F):

Npp riry rifz firz f1f> Nrr

(Nu) _ ( n(l-r)  ml-f)  AQ-r)  AOQ-f) ) (NRF)

(

i'VLT (1 — 7‘1)7‘2 (1 — Tl)fz (1 — f1)7‘2 (1 —_ fl)fz i\rFR
NrL 1-r)(1-r2) (1-m)(A—f2) (1-Ffi)(1—-r2) A1=f1)A—f2)/ \Nrr

Specific equation

taken from arXiv:
1405.4123




Overview of all ATLAS Exotics results

ATLAS Preliminary

ATLAS Exotics Searches* - 95% CL Exclusion

Status: ICHEP 2014 [Ldt=(1.0-203) b s5=7,8TeV
Model t,y Jets ET [ratm™] Mass limit Reference
AL T T L T L T T T
ADD Gkk + g/q - 1-2]j Yes 4.7 4.37 TeV n=2 1210.4491
ADD non-resonant {¢ 2e,pu - - 20.3 n=3HLZ ATLAS-CONF-2014-030
ADD QBH — (q 1eu 1j - 20.3 n=6 1311.2006
2  ADDQBH - 2j - 20.3 n=6 to be submitted to PRD
S | ADD BH high N 2 4 (SS) - - 203 n=6, Mp = 1.5 TeV, non-rot BH 1308.4075
g ADD BH high ), pr >lepu >2j - 20.3 n =6, Mp = 1.5 TeV, non-rot BH 1405.4254
E  RS1Gkk o 2eu - - 20.3 k/Mp =0.1 1405.4123
S RS Gk — WW > (ot 2ep - Yes 47 1.23 TeV K/ = 0.1 1208.2880
£ | BukRS Gkk — ZZ — llqq 2epu 2j/1J - 20.3 k/Mp = 1.0 ATLAS-CONF-2014-039
W Bulk RS Gkk — HH — bbbb - 4b - 19.5 | Gkk mass 590-710 Gev [l k/Mp = 1.0 ATLAS-CONF-2014-005
Bulk RS gk — tt Teu =1b,>1J2) Yes 143 BR=0.925 ATLAS-CONF-2013-052
sz, ED 2eu - - 50 |[Mgx=R? 4.71 Tev 1209.2535
UED 2y - Yes 4.8 Compact. scale R™! 1.41 TeV ATLAS-CONF-2012-072
w SSMZ -t 2epn - - 20.3 1405.4123
S ssmMzZ o 27 - - 195 ATLAS-CONF-2013-066
8  ssMw ooy lepu - Yes  20.3 ATLAS-CONF-2014-017
ﬁ EGM W’ - WZ - tv ('t Seu - Yes 20.3 1406.4456
g‘i EGM W’ — WZ — qqtt 2epu 2j/1J - 20.3 ATLAS-CONF-2014-039
& LRSMW; —tb Tepu  2b0-1j) Yes 143 ATLAS-CONF-2013-050
LRSM Wg, — th Oe,u >1b,1J - 20.3 to be submitted to EPJC
Cl qqqq - 2j - 4.8 1210.1718
(&) Cl qqtt 2epu - - 20.3 e =-1 ATLAS-CONF-2014-030
Cl uutt 2e,u(SS) 21b,>1j Yes 14.3 ICl=1 ATLAS-CONF-2013-051
S EFT D5 operator (Dirac) Oeu 1-2]j Yes 10.5 at 90% CL for m(x) < 80 GeV ATLAS-CONF-2012-147
Q EFT D9 operator (Dirac) Oeu 1J,€1j  Yes 20.3 at 90% CL for m(y) < 100 GeV 1309.4017
Scalar LQ 1%t gen 2e >2j - 1.0 LQ mass 660 GeV =1 1112.4828
S scalarL@ 2™ gen 2p 22 - 10 |uowmas 685 GeV p=1 12033172
Scalar LQ 3" gen teu,17 1b1j - 4.7 LQ mass 534 GeV =1 1303.0526
Vector-like quark TT — Ht + X leu 22b,>24j Yes 14.3 Tin (T,B) doublet ATLAS-CONF-2013-018
L \Vectorlikequark TT - Wb+ X 1eu >=1b 23] Yes 14.3 isospin singlet ATLAS-CONF-2013-060
S § Vector-like quark TT — Zt + X  2/>3e,u  >2/>1b - 20.3 Tin (T,B) doublet ATLAS-CONF-2014-036
L S vector-ike quark BB - Zb+ X 2/>3e,u  >2/>1b - 20.3 Bin (B,Y) doublet ATLAS-CONF-2014-036
Vector-like quark BB - Wt + X 2e,u(SS) >21b,>1j Yes 14.3 Bin (T,B) doublet ATLAS-CONF-2013-051
Re) g Excited quark g* — qy 1y 1j - 20.3 only u* and d*, A = m(q") 1309.3230
% O Excited quark q* — qg - 2j - 20.3 only u* and d*, A = m(q*) to be submitted to PRD
ﬁ % Excited quark b* — Wt 1or2eu1b,2jor1j Yes 4.7 b* mass 870 GeV left-handed coupling 1301.1583
%= Excited lepton £* — ¢y 2e,u,1y - - 13.0 AN=22TeV 1308.1364
LSTC ar —» Wy Teuly - Yes 20.3 to be submitted to PLB
LRSM Majorana v 2epu 2j - 2.1 1.5 TeV m(Wg) = 2 TeV, no mixing 1203.5420
©  Typelll Seesaw 2eu - - 5.8 |Ve|=0.055, | V;,|=0.063, | V=0 ATLAS-CONF-2013-019
£ Higgs triplet H** — (¢ 2 e, u (SS) - - 47 | H* mass 409 GeV DY production, BR(H** — (()=1 1210.5070
S} Multi-charged particles - - - 4.4 multi-charged particle mass 490 GeV DY production, |q| = 4e 1301.5272
Magnetic monopoles - - - 2.0 monopole mass 862 GeV DY production, |g| = 1gp 1207.6411
‘/§-7TeV - ....ll L L A | L R | L L L
10 1 10 Mass scale [TeV]

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



Dilepton resonances
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arXiv:1405.4123 [

Limits set on Z’ mass vs coupling g’ in the
Minimal Models framework. Here the
model is completely characterized by 3
parameters: 2 coupling constants, g, and
gs.., and M... The coupling constants can
be written in terms of y" and 0,,,..

. —e—M, =35Tev ATLAS
- mz = gg Ex Vs =8 TeV ee:fL dt=20.3 "
e M, =2

- —=— M, =20TeV Z
- —e— M, =15TeV

o
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1]
L 117

w:fL dt =205 b

M, =1.0 TeV
Mz =0.5TeV

1.5 2



Dilepton resonances
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WZ resonances :
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4 b jets resonances :

Check consistency with ttbar hypothesis

m,, formed extra jet + jet in the dijet with lowest
probability of being a b jet

m, taken from invariant mass of extra jet + dijet
o, =0.1m,, o, =0.1m, M,, =80.4 GeV, M, =172.5 GeV

Mw

Define variable Xtt.

Xﬂ=V - + -

If either dijet for the event has X, < 3.2 for any
combination, the event is rejected




4 b jets resonances -

Check consistency with HH hypothesis

“Signal Region” defined by making elliptical cut in plane of
leading dijet invariant mass, m,;, and sub-leading dijet
invariant mass, m,

Op,, = 0.1m,, Oy = 0.1m

m

., M, = 124.0 GeV, M, = 115.0 GeV

Define variable X,,,;:

* X,y < 1.6 defines the signal region
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