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Phase Space

Model Phase Space Final State Phase Space

Exotics... has got to be the hardest physics group to run!

G. Watts/UW Seattle



..................................................................................................................... 1b... L=143 ma’ 8 TeV [ATLAS-CONF-2013-050

Large ED (ADD) : monojet + E, ...
Large ED (ADD) : monophoton + E, ...
Large ED (ADD) : diphoton & dilepton, m,,
UED : diphoton + E, ...
8'/z, ED : dilepton, m,
RS1 : dilepton, m,

RS1 : WW resonance, my
Bulk RS : ZZ resonance, m,,

RS g _ — tt (BR=0.925) : tt — I+jets,m
ADD BH (M, /M,=3) : SS dimuon, N, .«
ADD BH (M,,, /M,=3) : leptons + jets,Xp
Quantum black hole : dijet, F (m

qqll CI : ee &y, |
uutt Cl : SS dilepton + jets + E
Z' (SSM) :m,,,,
Z' (SSM) :m._.
Z' (leptophobic topcolor) : tt — I+jets, m
W' (SSM) :m,
W' (—=tq, g =1) m,
W'y, (= tb, LRBM) : m
Scalar LQ pair (5=1) : kin. vars. in eejj, evjj
Scalar LQ pair ($=1) : kin. vars. in ppjj, wvijj

Vector-like quark : CC,m

Excited quarks : y-jet resonance, m

Excited quarks : dijet resonance, ;'ﬁ;

Excited b quark : W-t resonance, m,,,
Excited leptons : |-y resonance, m

N S Iy..
o

Techni-hadrons (LSTC) : dilepton, m,,

Techni-hadrons (LSTC) : WZ resonance (lvll), m.,
Major. neutr. (LRSM, no mixing) : 2-lep + jets

P
g Heavy lepton N* (type Ill seesaw) : Z- resonance, my,
O

H™ (DY prod., BR(H:“—)II)=1) : 88 ee (up), m,

Color octet scalar : dijet resonance, m;

Multi-charged particles (DY prod.) : highly ionizing tracks

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

T.miss K

va.

ATLAS Exotics Searches™ - 95% CL Lower Limits (Status: May 2013)

T T TTTI

s
M, (5=2) ATLAS

Ms (HLZ =3, NLO) Preliminary

Compact. scale R™

My ~ R
Graviton mass (k/Mg, = 0.1)
Graviton mass (k/My, = 0.1)

Graviton mass (k/Mp, = 1.0) del =(1-20)fb"

I MASS 5=7,8TeV
M (5=6) =1
M (5=6)

M, (5=6)

v A
A (constructive int.)
A (C=1)
2.86TeV_ 7' mass
14Tev Z' mass

£=20 fb”, 8 TeV JATLAS-CONF-2013-017]

L=4.7 b, 7 TeV [1210.6604)

L=14.31b”, 8 TeV [ATLAS-CONF-2013-052] 18Tev Z' mass
L=4.7 b, 7 TeV [1209.4446) 255Tev. W' mass
L=4.7 th”, 7 TeV [1209.6593) 430 GeV W' mass

184Tev W' mass
e60Gev T gen.LQ mass
e856ev 2" gen. LQ mass

L=1.01b", 7 TeV [1112.4828)
L=1.01b", 7 TeV [1203.3172)

.......Scalar LQ pair (3=1) : kin. vars. in Ttjj, tvjj |L=47 "7 Tev [1303.0526) s34Gev 3% gen. LQ mass
4" eneration : t't'— WbWb |L=4.71b", 7 TeV [1210.5468) 656 GeV 1’ mass
4th generation : b'b' — SS dilepton + jets + E 15343 15" 8 Tev [ATLAS-CONF-2013.051] 720 Gev_ b' mass
Vector-like quark : TT— Ht+X L=143 fb”. 8 TeV [ATLAS-CONF-2013-018] 790 GeV_ T mass (isospin doublet)

1427Tev. VLQ mass (charge -1/3, coupling x o = v/m,)
q* mass
q* mass
b* mass (left-handed coupling)
I* mass (A = m(l*))
p /o, mass (m(p Jo;) - m(n) = M)
p, mass (m(p,) =mix,) + my, m(@,) = 1.1m(p,))
N mass (m(W ) = 2 TeV)
N* mass (IV,] =0.055, |V | = 0.063, |V | =0)
H;* mass (limit at 398 GeV for uu)
Scalar resonance mass

L=4.61b”, 7 TeV [ATLAS-CONF-2012-137)

mass (|g| = 4e)

ass
IIIlIIT 1 1 L 111
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10" 1 10 10°
Mass scale [TeV]



FINAL STATE OBJECTS

The standard ones: Electrons, muons, jets, £V 7 Tmiss

Tau final state

* Leptonic decays (7—fvv)
* Hadronic Decays (7= vz 710 ...) —
* Thin Jets, small # of tracks (1 or 3)

Fat-jets

e Anti-A47 with size of ~1.2

e Sub-jet analysis run on jet
constituents

* Meaninful jet mass

G. Watts/UW Seattle

This topology can be taken
advantage of for non-zfinal state
objects

Used for highly boosted objects
that then decay, like a Wor a ¢.



FINAL STATE OBJECTS - DISPLACED
VE RTI CES “on the importance of unicorns...”

» Can occur throughout the detector

» Traditionally we have not designed the
detector appropriately...

Small Radius (mm, to 1 cm or so) Calorimeters
* Traditional b-tagging * Not possible
* Detectors are tuned to do this
* High efficiency and low fake rate Muon Spectrometer

e ATLAS has enough resolution to
make a crude vertexing

e Still use tracks algorithm

e Large impact parameters means re-
tuning track finding

* CPU expensive, but possible

Inner Tracker

G. Watts/UW Seattle 5



FINAL STATE OBJECTS

dE/dx
* Pixels and Silicon (SCT) Massive slow moving particles
* Transition Radiation Detector (TRT) (WIMPS) via Bethe-Block

Time of flight

* Tile-Calorimeter has ps time resolution

Out-of-time decays

* Run the DAQ during no-beam
conditions in the LHC Stopped hadrons

Others possible...

G. Watts/UW Seattle



FINAL STATES

Most combinations of objects have been explored to some extent

Mono-photon/mono-jet + £47 Tmiss
Multi-photon + £V7 Tmiss 3
Multi photon + multi lepton
Multi-lepton

Multi-lepton + £47 Tmiss

Lepton + Jets
2 leptons + jets

Dijets =

Displaced Lepton-jets
Displaced jets
Lepton + £Y7 Tmmiss + lepton-jets

G. Watts/UW Seattle

Typically with a mass cut or
resonance search as well

Typically with a mass cut or
resonance search as well



RIGGERS

single medium-pJ7" objects not an option!

bunch spacing, protons in rate limit
bunch, beam tunes and driven by S$
focus disk, cpu, etc.

1 electron 22 GeV 24/100 GeV
1 muon 18 GeV 20/24 GeV

1 jet 250 GeV 360 GeV
1 tau 120 GeV 115 GeV
ElTTmiss 60 GeV 80 GeV
e+u 10/6 GeV 12/8

G. Watts/UW Seattle 8



AVOID THE TRIGGERS

Look in association with ISR or W/Z production

\ J
|

Cuts your production, but lets you search for
soft or low S:B new phenomena

HT+ =77+ vwhen mlh >mit
L—— The 77+ v will be lost in the background!

=) Look for associated production

pp—=t AT+ —»gqb+cT+ v ppot AT+ —qggbb+7T+ v

G. Watts/UW Seattle



HIGH MASS CHARGED HIGGS

SEARCH (7)

ATLAS Simulation Preliminary

Di-boson

I Single top

B W+jets

7 ijets

— it
H*(130) [arbitrary normalization]

« H*(250) [arbitrary normalization]

H*(500) [arbitrary normalization]

Events / 20 GeV

jL dt =19.5fb "

s e S
% 100 20 300 400 500

Transverse Mass of system m; [GeV]

G. Watts/UW Seattle

Events / 20 GeV

e Data 2012

_[Ldt: 19.5 ™ ] True <
Vs =8 TeV :l Jet— 7 misID
AN Uncertainty

[] m,. =250 GeV (x 10)
tan(B) = 50, MSSM mh'"“

Heavy H" Selection

ATLAS Preliminary Data 2012
—— Observed CLs

Expected \s =8TeV
I £ 1o ;
CJ+20 det: 19.5 b

200 250 300 350 400 450 500 550 600
my. [GeV]



PILEUP AND ENVIRONMENT

ATLAS Online Luminosity SCIENTIFIC
70 = : : AM E R‘I(.‘JANTM Search ScientificAmerican.com

B Vs=8TeV, [Ldt=63Mb" <u>=195
B Vs=7TeV, [Ldt=521" > = 9.1

Sign In | Register u

@ News & Features Topics Blogs Videos & Podcasts Education C|

Technology » Nature 1 Email :: & Print

Pile-Up of Particles Could Obscure
Higgs Finding at Large Hadron
Collider

Physicists are rewriting computer code so that detectors can cope with and triage data from the

.Lll..J;l‘l‘..Ll.L.-L[J_.
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hundreds of millions of collisions that occur every second
nature!

May 4, 2012

By Geoff Brumfiel of Nature magazine
10 15 20 256 30 35

vl

Mean Number of Interactions per Crossing

Next run... 4=467

G. Watts/UW Seattle 11



EXOTIC HIGGS SECTOR

WE ARE NOT DONE YET

Non-standard Higgs Production
Non-standard Higgs Decays

G. Watts/UW Seattle 12



HIGH MASS HIGGS DECAYS

Original Higgs searches live on... Motivated by the 2HDM’s
high mass resonance search

pp > H-WW—evuv
7—e/u+X included

—— Data

ATLAS Preliminary  szx swsys o sta)

The number of extra jets in the analysis 8 S
\s=8TeV [Ldt= 207" =3 Www

dictates the backgrounds Ho WW @ B3 srge oo
I e WZ/ZZ/Wy

[ Weets

B H[125GeV]

] HI[300GeV]

1 H[600 GeV] (x10)

C— H 900 GeV] (x10)

0 WW dominated, ggF signal
1 Transition
=>2 tt dominated, VBF signal
‘ Minor modifications in the cuts
Btagging veto... =

G. Watts/UW Seattle



HIGH MASS HIGGS SEARCH

Events / 10 GeV

G. Watts/UW Seattle

50

ATLAS Preliminary
Vs =8TeV | Ldt= 20.7 fb’
H->WW- evuy + 0 jets

100 150 200 250

260 GeV<miH <1 TeV

Data

SM (sys @ stat)

it

ww

Single Top
WZ/ZZWy
Wiajets

Z+jets

H[125 GeV]

H [300 GeV]

H [600 GeV] (x10)
H [900 GeV] (x10)

e
 —
==
 —
)
=
—
—1

300 350 400 450 500
m, [GeV]

ElTTmiss >25 GeV

7' >40 GeV

pdT'Tj>25 GeV

Events / 10 GeV

+ topological cuts (VBF, etc.)

Events / 20 GeV

ATLAS Preliminary
Vs=8TeV | Ldt= 207 b’

H->WW- evuv + 1 jets

100 150 200 250 300 350 400

ATLAS Preliminary
Vs=8TeV | Ldt= 20.7 fb"
H->WW- evuy + 2 jets

50 100

Data

SM (sys @ stat)

tf

wWw

Single Top
WZ/ZZ/Wy
Wijets

Z+jels

H [125 GeV]

H [300 GeV]

H [600 GeV] (x10)
H [900 GeV] (x10)

OO0NRORNN0: ¢

450 500
m, [GeV]

—e— Dala

#4444 SM (sys @ stat)
it

0 ww

[ Single Top

Bl WZ/ZZ/Wy

[ Weets

B Zijets

B H (125 GeV]

) H (300 GeV]

C_) H (600 GeV] (x10)

) H[900 GeV] (x10)

150 200 250 300 350 400 450 500
m; [GeV]
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final state, the rapidity gap is the y range spanned by the two leading jets.

Category 0-jet 1-jet >=2-jet

An isolated electron and an isolated muon, with opposite charge,
Preselection each with pp >40 GeV,
Mep > 10 GeV

Missing transverse EPsS>25GeV  EIMS>25GeV  EMS>20GeV
momentum

- Nb-jet = 0 N[)-je[ - ()
General selection Ay priss >7/2 - Py <45 GeV
p¥ >30 GeV Zly*—>trveto  Z/y*—TT veto

- - mj; > 500 GeV
- - |Ayjil>2.8

- No jets (pr > 20 GeV) in the rapidity gap;
- - require both ¢ in the rapidity gap

H—->WW-—tvly mge > 50 GeV mge > 50 GeV mee > 50 GeV
topology Anee < 1.0 Ange < 1.0 Anepe < 1.0

VBF topology

5.1 1t and single top

The top-quark background in the N =0 final state is estimated using the procedure detailed in

G. Watts/UW Seattle




FCNC: t¢>cH+WbhH, H—=yy

. ENT>40,£47>35 GeV One of the largest FCNC Branching Ratios

- 2HDM, MSSM
2 b-tags + 2 jets + (leptons, jets)

Second top goes hadronically for ¢z: mlyy; and mljj;
Second top goes semileptonically for £Z: mlyy; and mu’w’—l

ATLAS Preliminary jL dt=203 " s =8 TeV

ATLAS Preliminary Ldt=2031", Vs =8 TeV
e Data

e Data
— Signal, Br =10%
[ v Sherpa

— Signal, Br = 10%
[ vvi Sherpa

Events / 10 GeV
Events / 10 GeV

|
| ! [t 'J
Il:m“hi - !!!!Uﬂhﬁli-h.-;.ulh

um=

50 100 150 200 250 300 350 400 450 500
Myyj [GeV]

B0 D S e ST
300 350 400 450 500
my,; [GeV]

G. Watts/UW Seattle 16



FCNC: t¢>cH+WbhH, H—=yy

adronic selection ¢ Data2011+2012 .
—— Sig+SM Higgs (126.8 GeV)+Bkg fit
SM Higgs+Bkg
Bkg (2™ order polynomial)

Events / 4 GeV

Ldt=2031fb", Vs =8 Te\]
Ldt= 47" Vs=7Te

G. Watts/UW Seattle

IL dt=203f" Vs =8 TeV

J.L dt= 471" Vs =7TeV

-~ Observed
- Expected

EH+10

3 [J+x2 ¢

0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016
Br(t — cH)

17



MULTI-HIGGS DECAYS

Simplified model

er‘ Cascade Decays
‘6666666 H° N W—Ltv ¢t is the
H* \
, i primary
; Intermediate X W-yj background

“Our” 125 GeV Higgs

©
o
o

ATLAS

JLdt: 203" Vs=8TeV

H S WrH: SR’ W*W* = bBW*W*

H* Mass [GeV]

Multivariate analysis using the
mass of possible top quarks,

along with the masses
miWwWwbbd miWwbb , mibb

G. Watts/UW Seattle H° Mass [GeV]

95% C.L. Upper Limits [pb]



HV HIGGS TO DISPLACED HADRONIC
JETS

H-mlvmlv—-50b+bbH

"IN

Long lived

Vertexing in the ATLAS Muon Spectrometer

95% CL Limit: m,=120 GeV, m, =20 GeV
95% CL Limit: m, =120 GeV, m_ =40 GeV
95% CL Limit: m, =140 GeV, m_ =20 GeV
95% CL Limit: m,=140 GeV, m,_:=40 GeV

The 2011 analysis looked for two ; Jmu: ot
displaced decays in the MS H 5= 7 TeV

15 20 25 30 35
m, proper decay length [m]

G. Watts/UW Seattle




et
AN — e

ot Electron jet

ASSOCIATED PRODUCTION

pp->WH-Cv+nyld . N F— |
J m«w‘mmw/\! TEIectron jet
Jets of leptons (electrons) Ya ©

Two step model
ATLAS Simulation

| — Eloctron jets |dentified by a combination of calorimeter
| — Hadronic jets parameters and NVl¢rack

| — Single electron (Z— ee + 0 jets)

Fraction of jets
=

Prompt electron-jets

G. Watts/UW Seattle 20



ASSOCIATED PRODUCTION

ATLAS -o- Observed

2011 Data, 1s=7 TeV Expected

ILdt =2.04fb" ET

Data 2011 (Is = 7TeV)
H— e-jets (mH=125 GeV)

[ W(—ev)+jets

N {}V(—>rv)+jets

[ Z(—e'e)+jets

I ww,wz, 72z

[ Multi-jet

W Gsyst ® 6stat

I
s
=
4]
o
=
i2]
2
)
1
=3
o
g
X
T
=3

Signal model: 3-step, m, =100 MeV

95% CL limit on o

J.Ldt =2.04fb"

ATLAS -o- Observed

SM(WH)

2011 Data, \s=7 TeV Expected

ILdt =2.04f0" ET

Data / MC

D
7777777777777

0 1 2 3 4 6

Signal model: 2-step, m, =100 MeV

d

o

This will improve dramatically with the 8 TeV Data

]
=
E2)
2
)

S
=3
0o
m
X
I
=

e}
C
5]
E
_
(@)
°\°
ey
o
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FA

JETS AND 22 RESONANCES

tt—->Lvo+jib

Fat or thin

p-iet
b -jet
Charged Jets
g fron7 w
lepton = dec
£ v

Neutrino

Merged topology due to

Resolved topology boosted tops

Three well separated jets One A#=1.0 jet with p7">300
GeV, mljet >100 GeV, first £IT
split scale is V{12 >40 GeV

) i

G. Watts/UW Seattle 22



ATLAS Preliminary
Simulation, s=8TeV
Boosted
- Z' (1.0 TeV)
- Z' (1.5 TeV)
Z'(2.0TeV)
Z'(3.0 TeV)

>
[}
o
o
o
-
)
a
c
2
[}]
-
o
c
=
3]
©
L.
[

FAT JETS AND zz RESONA

miz[TeV]

[F=8TeV Obs. 95% CL upper limit fr=8TeV Obs. 95% CL upper limit

meemmemn Exp. 95% CL upper limit Exp. 95% CL upper limit
Exp. 1 ¢ uncertainty Exp. 17 uncertainty
Exp. 2 ¢ uncertainty S . Exp. 2 ¢ uncertainty
Leptophobic Z' (LO x 1.3) ‘ Kaluza-Klein gluon (LO)

ATLAS Preliminary 0 ATLAS Preliminary

| Ldt=143" [Ldt=143 1"

Z' mass [TeV] g, mass [TeV]

m(Z’) < 1.8 TeV m(g..) < 2.0 TeV

G. Watts/UW Seattle 23
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CONCLUSIONS

* A very small selection of what ATLAS Exotics has looked at
* Many experts in the room

* Some models (like VLQ) appear in in models that add extra Higgs bosons, or exotics
decays

Exotic Higgs decay is only just getting started

The detector’s capabilities are quite broad
* Exotic final states to more traditional ones

* Limited by time, upgrade, and backgrounds

Finding the results

* Exotics & Higgs public results pages

* Higgs BSM are mixed in with the SM results

G. Watts/UW Seattle 24



