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Motivation for New Physics

Dark Matter Evidence

New physics could take the form of:
Dark Matter mediators — couple to SM
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Motivation for New Physics

Dark Matter Evidence
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Hierarchy problem
Experimental Excesses
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Motivation for New Physics

Experimental Excesses

Dark Matter Evidence
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New physics could take the form of:
Dark Matter mediators — couple to SM
Heavy Gauge Bosons — W’ and Z’
Grand Unification Theory — 72
Extra dimensions - Quantum Black Holes
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Motivation for New Physics

Experimental Excesses
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Dark Matter Evidence

Hierarchy problem
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New physics could take the form of:
Dark Matter mediators — couple to SM
Heavy Gauge Bosons — W’ and Z’
Grand Unification Theory — 7
Extra dimensions - Quantum Black Holes
Quark substructure — excited quarks
Contact Interactions above A~7 TeV
None of the above!



Run |l Potential

Huge potential for discovering new physics at large masses
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Search Strategies

Search for localized excesses

1n mass distributions

do P
dmjj

New
Resonance

33

Search for non-resonant
deviations from SM predictions

do
dmjj

A

Contact
Interactions

QCD jet background modeled through data-driven techniques
® Functional forms of dominant background in O-lepton dijet and multijet

searches
® Fake leptons from jets or photons

Lepton searches composed of several backgrounds involving real
leptons modeled with Monte Carlo

® Estimated individually, normalized to control regions in data

® Extrapolated to high mass, low statistics regions



Relevant Selections
—> p°d > 440 GeV
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Relevant Selections

Dijet Resonance

—> priead > 440 GeV

high py <<
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Relevant Selections
—> p°d > 440 GeV
> m; > 1.1 TeV
> |y;yol <12

Dijet Resonance
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central
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B-tagged Dijet

Resonance
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Relevant Selections
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B-tagged Dijet

Relevant Selections
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B-tagged Dijet
Resonance

high p; <]

Relevant Selections
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Dijet Angular

Search for deviations from QCD
in angular distribution of jets

Relevant Selections
lead > 440 GeV
. > DPr
high p; <3
m; > 2.5 TeV
central - |y;-y,| <3.4
boost > |y ity <22

do/dy

QCD-like

b
3 New Physics
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do/dy

Dijet Angular

Search for deviations from QCD
in angular distribution of jets

Relevant Selections
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Dijet Angular

Relevant Selections
lead > 440 GeV
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M u I ti " et Relevant Selections
Search H. = Xp,'ets lead
, pre* > 200 GeV
. . high p; <: -
Black hole produced > M, will decay into H;>1TeV
many particles following SM d.o.f. many jets —> N >358

— Look for many jets! jets =

search
data-driven |, validation \
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M It - _t Relevant Selections
u IJ e Search H = Zp/°® S prd>200 GeV

Black hole produced > M, will decay into H;>1TeV

many particles following SM d.o.f. many jets o sae
— Look for many jets! jets =
search

Bootstrap Procedure

data-driven ‘1, validation ‘l'
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Search H; = Zp’°ts

Multijet

Black hole produced > My, will decay into
many particles following SM d.o.f.
— Look for many jets!

Bootstrap Procedure
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Relevant Selections

pr€ed>200 GeV

high py 22

> H,>1TeV
many jets —> N, >3-8
search
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M It - _t Relevant Selections
u IJ e Search H = Zp/°® S prd>200 GeV

Black hole produced > My, will decay into H;>1TeV

many particles following SM d.o.f. many jets —> N >3.58
jets —

— Look for many jets! .
J(x)=po(l-x A+ x)P? search

Bootstrap Procedure
data-driven ‘1, validation ‘l'
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Multijet

M, [TeV]

Relevant Selections
5> pred>200 GeV

high p; <3
H;>1TeV
many jets —> N, >3-8
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- ATLAS CHARYBDIS2 Rotating black holes 7
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Lepton + Jets

Black holes decay democratically
Leptoquark pair production
— look for leptons and jets

leptjets —

Signal Region — X, p; >2 TeV

TeV-scale Leptoquark
3 jet/e/n eejj / uujj
pr>100GeV | m;> 130 GeV
2pr > 600 GeV

MC estimation of individual backgrounds, normalized to lower p; control regions

Events / 0.25 TeV

Data / SM
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Electron channel
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TeV-scale Leptoquark

3 jet/e/u eejj / uujj
pr>100GeV | m;> 130 GeV

Signal Region ) >2TeV | Zp;>600GeV
g gion —> L, Py T

Lepton + Jets

leptjets —

Black hole limits set at various Leptoquark limits set for first
My, , Mp, and N dimensions and second generation decays
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W' and Z w z

1 u(e) pr>355(65) GeV | 2 u(e) pr(Er) > 30 GeV

S e a rC h e S WieAile <1 S Emiss > 55 (65) GeV opposite charge

not W/Z — m.> 110 (130) GeV M, > 120 GeV

 SSM W’/ 7’ may have similar couplings and decay modes as the SM partners

* Search invariant mass (Z’) or transverse mass (W) distributions

* Drell-Yan (W & Z/y*) dominant background mr = \/2 DT EI;“'SS(I — COS Pyy)
W Electron Channel 7’ Electron Channel
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W’ and Z’
Searches vz
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W’ V4
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Le ptO n N U m be r Relevant Selections

opposite flavour — ¢ and p of p; > 65 GeV

Vi O I at i O n back-to-back —>  Ad(e,n) > 2.7

Events

Data/MC

107

and QBH models can allow

for lepton-number violating decays — > M final states

ey invariant mass distribution
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= Systematics region beyond m,, > 600 (400) GeV

Search for excesses above 600 GeV
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Le ptO n N U m be r Relevant Selections

opposite flavour — ¢ and p of p; > 65 GeV

Vi O I at i O n back-to-back —>  Ad(e,n) > 2.7

and QBH models can allow

for lepton-number violating decays — > M final states

ey invariant mass distribution
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Le pto n N U m be r Relevant Selections

opposite flavour — ¢ and p of p; > 65 GeV

Vi O I at i O n back-to-back —>  Ad(e,n) > 2.7

Improvement to limits in ep channel:
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Conclusion

® Several analyses using high p jets and leptons have set stringent
limits on theoretical models and generic Gaussian resonances

® Significant improvement over Run I due to parton luminosity scaling

ATLAS Exotics Searches* - 95% CL Exclusion ATLAS Preliminary

. . Status: March 2016 JLdt=(32-203) ! V5=8,13TeV
® 2016 will bring ~10x more _ e er s g
T

ADD Gkk +g/q - =1j Yes 32 6.86 TeV' n=2 Preliminary

ADD non-resonant ¢ 2ep - - 203 n=3HZ 1407.2410

O O ADD QBH — (q Tep 1] - 20.3 n= 1311.2006

I ADD QBH - 2j - 36 8.3TeV 151201530
at a S 1 nl 1 C nt ADD BH high 3. p7 zlen 22j - 32 8.2TeV TeV, rot BH ATLAS-CONF-2016-006

El ADD BH multijet - >3j - 36 955TeV. TeV. rot BH 512.0258

, RS1 Gy — (L 2ep - - 203 1405.4123

RS1 G — vy 2y - - 20.3 1504.05511
Bulk RS Gk — WW — qqlv ten 1J Yes 32 1.06 TeV. ATLAS-CONF-2015-075

Bulk RS Gki — HH — bbbb 475-785 GeV. ATLAS-CONF-2016-017
92! 1505.07018

o . - 4b - Wy = 1
Bulk RS grx — tt Teu >1b>102 Yes 203 5

1 [ l ( : l'e aSI [ ] 0 l I [' [ I l as S ['e a( : 2UED/ RPP lew 22b24] Yes 32 Tor (1), BAACY w1 | ATLAS.CONF 2016013
SSM Z’ — t¢ 2ep - - 32 | 2Z'mass 3.4TeV ATLAS-CONF-2015-070

SSM Z’ = T 27 - - 195 1502.07177

Leptophobic Z' — bb - 2b - 32 |2 mass Preliminary

SSM W’ — (v len - Yes 32 | W mass 4.07 TeV ATLAS-CONF-2015-063
HVT W' — WZ > qqvvmodel A 0 et 14 Yes 32 | Wmass ATLAS-CONF-2015-068
HVT W’ - WZ - qqqq model A — 2y - 32 | W mass ATLAS-CONF-2015-073

HVT W’ — WH — (vbbmodel B Ten  12b10j Yes 32 | W mass ATLAS-CONF-2015-074
HVTZ’  ZH - vbbmodel B Oeu  12b1-0j Yes 32 |2 mass ATLAS-CONF-2015-074
LRSM Wy, — th Ten 2b,0-1j  Yes 203 1410.4103

® Innovative analyses probing g ="

Clqqtt y - - 32 |A 234 TeV! ATLAS-CONF-2015-070
Cl uutt 2e4(SS) 21b,1-4] Yes 203 ICuul=1 1504.04605
Axial-vector mediator (Dirac DM) 0 e, jt 1) Yes 32 |ma 1.0TeV £0=0.25, g,=1.0, m(y) < 140 GeV/ Preliminary
. Axial-vector mediator (DiracDM) O e, 1y 1] Yes 32 |ma 650 GeV/ 8,025, £,=1.0, m(y) < 10 GeV Preliminary

ma S S e S e rou ZZyy EFT (Dirac DM) Oep 14,=1j Yes 32 | M. 550 GeV' m(y) < 150 GeV' ATLAS-CONF-2015-080
Scalar LQ 1 gen 2e 22j - 3.2 1.07 Tev B=1 Preliminary
Scalar LQ 2 gen 2pu 2] - 32 1.03 TeV. p=1 Preliminary
Scalar LQ 3 gen lep >1b,>3j Yes 203 B=0 1508.04735
M ° VLQ TT = Ht + X les 22b23] Yes 203 Tin (T,B) doublet 1505.04306
VLQ YY - Wb+ X feu 21b,>23] Yes 203 Yin (B,Y) doublet 1505.04306
b VLQ BB — Hb+ X ieu 22b23] Yes 203 isospin singlet 1505.04306
, , VLQ BB — Zb+ X 23ep  z2x1b - 203 Bin (B.Y) doublet 1409.5500
VLQ QQ — WgWgq len =4j Yes 203 1509.04261
W Tsj3 — Wt leu 21b25] Yes 203 150305425
Excited quark ¢* — qy 1y 1] - 32 4.4TeV only u* and o", A = m(q") 151205910
Excited quark ¢* — qg - 2j - 36 52TeV only u” and d*, A = m(q") 1512.01530
Excited quark b* — bg. - 161 - 32 Preliminary
Excited quark b* — Wt lor2eu 1b20j Yes 203 f=fi=fa=1 1510.02664
Excited lepton (" 3en - - 203 A=30TeV 1411.2921
Excited lepton v* 3eut - - 203 A=16TeV 1411.2921
LSTCar —» Wy lepty - Yes 203 1407.8150
LRSM Majorana » 2ep 2j - 203 m(Wg) = 2.4 TeV, no mixing 150606020
Higgs triplet H** — ¢ 2eu(8S) - - 203 DY production, BR(H;* — ( 1412.0237
Higgs triplet H*= — (7 Bepur - - 203 DY production, BR(H}* — (r)=1 1411.2921
L4 . Monotop (non-res prod) Tlep 1b Yes 203 non-res = 0. 1410.5404
. ' Multi-charged particles - - - 203 DY production, g] = 5e 1504.04188
: ere S 1 S 1 S a e a Hagnat monbpoles S O oo, 1 059 1/2 | 1609 0aces

1 1
i o & : B e o 1 m
— Mass scale [TeV]
*Only a selection of the available mass limits on new states or phenomena is shown. Lower bounds are specified only when explicitly not excluded.

‘tSmall-radius (large-radius) jets are denoted by the letter j (J). g
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Control Regions: TeV-Scale

Cut

Control Regions

Z-+jets

W+jets

tt

ZPT

750-1500 GeV

Number of Objects

The event must contain at least 3 objects (leptons or jets)
with pr > 60 GeV.

Leading lepton

The event must contain a leading electron or muon
of good quality, isolated and with pp > 60 GeV.

my 80 — 100 GeV n/a
Emiss n/a > 60 GeV n/a
Number of leptons exactly 2, opposite sign exactly 1
same flavour
Number of b-tagged jets n/a exactly 0 > 1
Number of jets n/a > 3




ontrol Regions: TeV-Scale

Ypr distributions for W+jets (0.81),
Z+jets (1.01), and ttbar (0.95) control regions

Single top and diboson normalization

1s taken from MC

Multijet background is data-driven

Electron channel
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Control Regions: Leptoquark

® Drell-Yan + jets:
® Exactly 2 same-flavor leptons with 70 <m; < 110 GeV

® ttbar:
® Exactly 1 muon and 1 electron

® Single top, diboson, and Z—1T + jets taken from MC
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Dijet Angular NLO MC Prediction

2 3 4567810
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NLO p; Comparisons

Large p shape PDF uncertainties, but roughly similar across n regions
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