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m Final states studied for non-resonant excesses
(covered in this talk)

= Dilepton

m Single lepton + Missing Energy
m Dijet

= Ditau

= Monojets

m Sensifive fo confact inferactions and extra dimensions
m Benchmarks ADD and general contact interactions

m Same final states also sensitive to other models

B new resonances, Dark Matter, SUSY....
SM . SM/X ?

SM SM/X
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Dilepton Searches
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CAFCRIMMIEND

m Two well reconstructed ee or pp
= |Invariant mass distribution
m Cos 0, angle btw CS-frame z-axis and I

m Agg distribution
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Eur. Phys. J. C (2014) 74:3134, /\ AILAS

Dilepton Searches arXiv:1407.2410

EAFERIMEN]
m Inferpret in benchmark models
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10.1007/JHEP04(2015)025

DiIepTon Searches arXiv:1412.6302

m ADD (GRW & HLZ) interpretation
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PRD 91 (2015) 092005

Lepton + Missing E; arXiv:1408.2745

a High E.lepton and missing £, % N\/A /&
gn 5 lep gty
. - QObserved
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Dijet Searches

PRL 114, 221802 (2015)

IR AN

arXiv:1504.00357
CAFERIMEN]
m Two high E;jet candidates
= \s=8TeV,17.3f6" ATLAS
. R ata —— SM prediction :
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m X consfructed, such that
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m A>8.1 TeV destructive interference

m A>12.0TeV constructive interference

0.03E"" g

0.04

0.03
0.04
0.03
0.04

0.03

III II|II:II|I II|II:II|I IIII!IIIIl T | I

HH

III IIIIII

0.044 r—
o.osi:"L!-—l
0.04 ¢
0.032—
1 2 3 4 5678 10 20 Xso

p —value is (0.25) 0.30 for the
(second) highest m; bin

/
2015-08-31 LHCP St. Petersburg - Oliver Stelzer-Chilton (TRIUMF) .



Dijet Searches

Phys. Lett. 04 (2015) 042
arXiv:1411.2646

m SM prediction NLO QCD + EWK
m Red line: SM+CI
= Blue line: ADD with A (GRW)=7 TeV

19.7 107 (8 TeV)

Observed | Expected
Model (TeV) (V)
ATL rg (LO) 103 | 98+1.0
App g (LO) 129 | 124422
AfL g NLO) [ 9.0 8.7 +0.8
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Smallest p-value is 17%, found
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Ditau Searches

CMS-PAS-EXO-12-046

m 7.-7, final states (ep channel)

m Test a possible non universal coupling

s ADD (GRW, HLZ)
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EAPERIMEN|

Mono-Jet Searches  |™ faxivisozorzie %M LAD

m Monojet: invisible particle (Graviton) is produced
= large Missing E; can be detected if
recoiling jet present

ATLAS ET*°>500 GeV
Vs=8TeV, 20.3fb"  ®=I expected limit (+10+20)

observed limit
=== obs. limit (after damping)

—— ATLAS 4.7fb" 7 TeV

m Signal region has no leptons
m Different Missing E; cuts
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Eur. Phys. J. C (2015) 75:235

Mono-Jet Searches arXiv-1408.3583
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First Look at 13 TeV Dato ?E{W
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13 TeV data: Highest Mass Dilepton Event

CMS Experiment at LHC, CERN

M Data recorded: Sun Jul 12 10:33:05 2015 CEST e
[ | D|e|eCTrOﬂ e\/en'l' M:999 Ge\/ Run/Event: 251562 / 528500442 | e

Lumi section: 605 eta = 0.232
phi = 2.659

m 3.5 events expected, 3
observed for M>500 GeV

: N 3
‘xperiment at LHC, CERN C >
acorded: Sun Jul 12 10:33:05 2015 CEST 0 EEE I
vent: 251562 / 528500442 S e"éff}%g?
ection: 605 o W phi=-0493

CMS Experiment at LHC, CERN

Data recorded: Sun Jul 12 10:33:05 2015 CEST

Run/Event: 251562 / 528500442

Lumi section: 605 B
eta =0.232
phi = 2.659

Electron 0,

pt=376.77
eta = 0.232
phi = 2.659

H
i - AL
Electron 1,
pt = 370.85
eta =-1.367
phi = -0.493

A1
~ - ,.l

Compact Muon Solenoid
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13 TeV data: Monojet Search %MM&

m Change to Run 1:
m Allow only 4 jets in the event

107
0 100 200 300 400 500 600 700 800 900 1000
Jet P, [GeV]
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= g

. . . ) r —e— Data N_. =1
. O] C . jets

Jet cleaning cuts are opp.h.ed N S oL S IS VET 100 Gov 3
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2 - ATLAS Preliminary i
= SF =
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> |||llllllllllllllIIIIIIIIIIIIIIIIIIIIIIII_ 104;_ . —g
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;E- 10 one muon (p,>30GeV, n<2.5) -e- Data — C ]
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= - I _ — -
1 B it + single t : 10E 5
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13 TeV data: Highest Mass uv Event

CMS Experiment at LHC, CERN

Data recorded: Wed Jul_8 23:50:40 2015 CEST C
Run/Event: 251251 / 39089589
Lumi section: 64

m [ransverse Mass M;=1.1 TeV
= Muon p;=0.53 TeV
= Missing E;=0.62 TeV
= AO(Muon-Missing E;)=3.0

m | events expected, |
observed for M;>700 GeV

pt = 0.53 TeV
eta = 0.689
=-2.313
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13 TeV data: Dijet Search NEW!

SATIA

d

EAFERIMENI

m LHC could produce quantum black
holes (QBH) with masses near M

m ADD with n = 6 and Mb = M, we
exclude QBH with Mw below 6.5 TeV

2015-08-31

(s=13TeV,80pb"
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5 5 6 6 5
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Data
QBH, Mth= 6.5 TeV

— SM
[ Theoretical uncert.
[ Total uncertainties

ly*| < 1.7, |yB| <11

ATLAS Preliminary

g 006% = mJJ > 34 TeV _i
T 0.04F e =
< 0.02 4 E
0-12_ 31<m <34TeV_§
o.osf —i
g é.él< m--<31ITeV;
0.1j+ ) —
0.05— . ¢ - =
- | o 25<m <28 TeV-
O.1i:— =
0.055—, — =

1 2 3 4 5678 10 2'0X30
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13 TeV data: Dijet Search NEW!

m Highest mass event in angular analysis: 6.9 TeV

ATLAS

EXPERIMENT

Run Number: 276731, Event Number: 876578955

Date: 2015-08-22 07:43:18 CEST

S -

I N I N I I
640
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surnmary QAT |

m ATLAS and CMS and the LHC performing well

m Several final states searched for Beyond the Standard
Model non-resonant excesses

m So far good agreement with the Standard Model

WJS2013

m Run 2 is well underway! T J— .

" ratios of LHC parton luminosities:

m Cross sections for many new physics  13TeV/8TeV, 7 TeV /8 TeV
scenarios increased significantly

okt 99

| g
- - qg

——
PP
-

m First results at 13 TeV
= New energy regime!

-
v -
——— -

luminosity ratio

TR e =

m Discoveries might just be around
the corner...

MSTW2008NLO

0.4 b
100
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Summary %A"—A) ¢

EXPERIMENT

m ATLAS and CMS and the LHC performing well

m Several final states searched for Beyond the Standard
Model non-resonant excesses

m So far good agreement with the Standard Model

m Run 2 is well underway!

m Cross sections for many new physics
scenarios increased significantly

m First results at 13 TeV
= New energy regime!

m Discoveries might just be around
the corner...
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Dilepton Searches

Eur. Phys. J. C (2014) 74:3134,
arXiv:1407.2410

AILA)

EAFERIMENI

2015-08-31

Table 1 Summary of MC sample information for signal and background processes used in this search. The columns from left to right give the

process of interest, generator, matrix-element order, parton shower program, and PDF utilized

Process Generator Order Parton Shower / Hadronization PDF

qq — Z)y* — e~ POWHEG [26] NLO PYTHIA 8.165 [28] CT10 [27]

vv/vq/vq — €ve- PYTHIA 8.165 [28] LO PYTHIA 8.165 [28] MRST2004QED [32]
tr— X, Wt - X MC@NLO 4.06 [33] NLO Jimmy 4.31 [34] + HERWIG 6.520 [35]  CT10 [27]

WW, WZ,ZZ — ¢X/tv/eL HERWIG 6.520 [35] LO HERWIG 6.520 [35] CTEQ6LI1 [37]

Clqgq — e~ PYTHIA 8.165 [28] LO PYTHIA 8.165 [28] MSTW2008LO [30,31]

ADD: q¢/gg — G* — ¢+e~

SHERPA 1.3

1107

LO (multi-leg)

SHERPA 1.3.1 [7]

CTEQG6LI1 [37]

Table 5 Summary of the systematic uncertainties taken into account
for the total expected number of events. Values are provided at mg; =
1 TeV (2 TeV) to give representative estimates relevant to this search.
The PDF variation values shown for signal are based on CI. For the ADD

signal they are uniform at 6 % and 3 % in the dielectron and dimuon
channels, respectively. Signal systematic uncertainties are assessed as
a function of the corresponding parameter of interest but are not found
to vary greatly. N/A indicates that the uncertainty is not applicable

Source Dielectrons Dimuons

Signal Background Signal Background
Normalization 4.0 % (4.0 %) N/A 4.0 % (4.0 %) N/A
PDF Variation <0.1 % (0.2 %) 5.0% (11.0 %) <0.1 % (<0.1 %) 5.0% (12.0 %)
PDF Choice N/A 1.0 % (7.0 %) N/A 1.0 % (6.0 %)
ag N/A 1.0 % (3.0 %) N/A 1.0 % (3.0 %)
EW Corrections N/A 1.0 % (2.0 %) N/A 1.0 % (3.0 %)
Photon-Induced N/A 7.0 % (12.0 %) N/A 6.5% (9.5 %)
Efficiency 1.0 % (2.0 %) 1.0 % (2.0 %) 3.0% (6.0 %) 3.0% (6.0 %)
Scale & Resolution 1.2% (2.4 %) 1.2% (2.4 %) 1.0 % (4.0 %) 1.0 % (4.0 %)
Electron Charge Misident. 1.2% (2.0 %) 1.2% (2.0 %) N/A N/A
Multi-Jet & W+lets N/A 3.0% (5.0 %) N/A N/A
Beam Energy 1.0 % (3.0 %) 1.0 % (3.0 %) 1.0 % (3.0 %) 2.0% (3.0 %)
MC Statistics 3.0% (3.0 %) 0.5 % (0.5 %) 3.0% (3.0 %) 0.5% (0.5 %)
Total 5.5% (6.9 %) 9.5% (19.4 %) 6.0 % (9.3 %) 9.2 % (18.7 %)
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Eur. Phys. J. C (2014) 74:3134, ORI AN

Dilep’ron Searches arXiv:1407.2410

CAFERIMEN]

1/(n+2)
Ms = 27 [r (%)] M,

» Fo
8
My

int

Oot = 0py +F —— +F
MS

The strength of the interaction is characterized by F/M¢*, where the
dimensionless parameter F varies in the different calculations provided

by Giudice-Rattazzi-Wells (GRW), Hewett and Han-Lykken-Zhang (HLZ)

Z =1, (GRW)
2. 2
F = = . (Hewett)
T T
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g?:log( S) forn =2, (HLZ)
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forn > 2. (HLZ).



Dilepton Searches

10.1007/JHEP04(2015)025

2015-08-31

arXiv:1412.6302
my, range  Data Total Z/v* tt + other Jet mis-
(GeV) background prompt bkgd reconstruction
120-400 | 96299 96800 + 4300 | 86800 + 3800 9900 + 420 147 £ 18
400-600 1367 1460 £ 80 1180 + 60 276 £ 13 33
600-900 273 283 £ 19 246 + 16 37+ 4 —
900-1300 95 46 + 4 40 £ 4 ox1 -
1300-1800 8 6.1 + 0.8 5.7 £ 0.8 04+0.2 —
>1800 2 0.8 £ 0.2 0.8 £0.2 — —
Table 2. The number of dimuon events in various invariant mass ranges for an integrated

luminosity of 20.6fb™".

The total background is the sum of the events for the standard model

processes listed. The yields from simulation are normalized relative to the expected cross sections,
and overall the simulation is normalized to the data using the number of events in the mass window
60-120 GeV acquired using a prescaled low threshold trigger. Uncertainties include both statistical
and systematic components, summed in quadrature. A dash (—) is used to indicate negligibly small

contributions.

Mee range Data Total Z/~* tt + other Jet mis-
(GeV) backgrounid prompt bkgd reconstruction

120-400 | 87117 88700 £ 3900 | 77100 £ 3900 10130 +£ 680 1500 £ 300
400-600 1266 1240 £ 100 970 4+ 100 226 £ 15 40 £ 8
600-900 259 245 + 21 211 £ 21 27 + 2 T+1
900-1300 41 39+ 3 35+ 3 3.5£0.2 1.2 +0.2

1300-1800 4 5.2+ 0.5 48 + 0.5 0.36 £ 0.02  0.005 = 0.001
>1800 0 0.64 &+ 0.06 0.64 £+ 0.06 — —

Table 3. The number of dielectron events in various invariant mass ranges for an integrated lumi-
nosity of 19.7fb~!. The total background is the sum of the events for the standard model processes
listed. The yields from simulation are normalized relative to the expected cross sections, and overall
the simulation is normalized to the data using the number of events in the mass window 60-120 GeV.
Uncertainties include both statistical and systematic components, summed in quadrature. A dash
(—) is used to indicate negligibly small contributions.
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CMS

Lepton + Missing E; arXiv:1408.2745
%
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Figure 9: Individual contributions of relative systematic uncertainties on the background event
yields in the electron (left) and muon (right) channels.
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HNC: Helicity Non-Conserving
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Dijet Searches Maxvasoaooser |y ATLAS

2015-08-31

EAFERIMEN|

The data are selected using a trigger that requires a single high-pT jet
above one of eight thresholds, ranging from 25 GeV to 220 GeV

Individual jets are reconstructed using the anfi-kt jet clustering algorithm
with radius parameter R = 0.6.

Events are required to have at least two jets, each with p; > 50 GeV, the
dijet system, defined as the two jets with largest pT , is required to have
y*<1.7, yg<1.1 and m;>600 GeV, where y* = 42(y;-y,) and y="2(y;+Y,)

The largest uncertainty due to choice of generator is at the lowest m
values, where it approaches 20%, while for the highest m; values ond
smallest x, it ranges from 10% to 14%

The experimental uncertainty is dominated by the n dependence of the
jet energy scale calibration. This uncertainty varies from approximately
15% at small values of x for the highest m; values, to a few percent at
lower m; values and higher x values.

26
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Dijet Searches

Phys. Lett. 04 (2015) 042
arXiv:1411.2646

Table 1: Summary of the experimental and theoretical uncertainties in the normalized Xdijet
distributions. For the lowest, second highest and highest M;; ranges, the relative shift (in %)
of the lowest X gjjet bin from its nominal value is quoted. While in the statistical analysis each
systematic uncertainty is represented by a change of the xgjjet distribution correlated among all
Xdijet bins, this table summarizes each uncertainty by a representative number to demonstrate

the relative contributions.

Uncertainty 19 < M]] <24 136< M]] <42 M]] > 4.2
TeV (%) TeV (%) TeV (%)
Statistical 1.0 2.3 47
Jet energy scale 2.0 2.1 2.5
Jet energy resolution (tails) 1.0 2.0 13
Jet energy resolution (core) 0.5 0.6 1.5
Unfolding, modeling 0.1 1.2 1.2
Unfolding, detector simulation 0.4 1.0 5.0
Pileup <0.1 <0.1 <1.0
Total experimental 2.5 4.1 49
QCD NLO scale (6 variations of yg and jir) 39 0 o8
PDF (CT10 eigenvectors) 0.6 0.7 1.0
Non-perturbative effects <1.0 <1.0 <0.2
Total theoretical 9 11 18
LHCP St. Petersburg - Oliver Stelzer-Chilton (TRIUMF)
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Eur. Phys. J

. C (2015) 75:299

SIANLAS

Mono-Jet Searches arXiv:1502.01518
CEAFERIMENI
Table 2 Event selection criteria applied for the selection of monojet-like signal regions, SR1-SR9.
Selection criteria
Preselection

Primary vertex

B > 150 GeV

Jet quality requirements

At least one jet with pp > 30 GeV and |n| < 4.5

Lepton and isolated track vetoes

Monojet-like selection

The leading jet with pp > 120 GeV and |n| < 2.0

Leading jet pr/EF"* > 0.5

Agp(jet, pp%%) > 1.0
Signal region SR1 SR2 SR3 SR4 SR5 SR6 SR7 SR8 SR9
Minimum ER'* [GeV] 150 200 250 300 350 400 500 600 700

Table 3 Summary of the methods and control samples used to constrain the different background contributions in the

signal regions.

Background process Method

Control sample

MC and control samples in data
MC and control samples in data
MC and control samples in data
MC and control samples in data

Z(— vi)+jets
W (— ev)+jets
W(— 1v)+jets
W (— pv)+jets

Zjr (= 6, W(o ) (E= e, 1)
W (— ev) (loose)
W (— ev) (loose)
W(— pv)

Z)y*(— €07 )+jets (L =e,u,T) MC-only
tt, single top MC-only
Diboson MC-only
Multijets data-driven

Non-collision data-driven

(Ndata . Nnon—W/Z )
Z(—vo) W (—pv),control W (—pv),control NMC(Z(—)VE))
signal - NMC signal X 55 X gtrg.
W (—pv),control
LHCP St. Petersburg - Oliver Stelzer-Chilton (TRIUMF)



Mono-Jet Searches

Eur. Phys. J. C (2015) 75:235
arXiv:1408.3583

CMS

Compact Muon Solenoid

Table 1 Summary of the statistical and systematic contributions to the total uncertainty on the Z(vv) background

E%‘jss (GeV) — >250 >300 >350 >400 >450 >500 >550
(1) Z(pe ) + jets statistical unc. 1.7 2.7 4.0 5.6 7.8 11 16
(2) Background 1.4 1.7 2.1 24 2.7 32 39
(3) Acceptance 2.0 2.1 2.1 2.2 23 2.6 2.8
(4) Selection efficiency 2.1 2.2 2.2 24 2.7 3.1 3.7
(5) Rpr 2.0 2.0 2.0 2.0 2.0 2.0 2.0
Total uncertainty (%) 5.1 5.6 6.6 7.9 9.9 13 18

Table 2 Summary of the statistical and systematic contributions to the total uncertainty on the W + jets background from the various factors used

in the estimation from data

EISS (GeV) — >250 =300 >350 >400 >450 =500 >550
(1) W(pv) + jets statistical unc. 0.8 1.3 1.9 2.8 39 55 7.3
(2) Background 23 23 2.2 23 24 2.6 2.8
(3) Acceptance and efficiency 4.5 4.6 4.9 5.2 5.7 6.4 7.6
Total uncertainty (%) 5.1 5.3 5.7 6.4 7.3 8.8 11

2015-08-31 LHCP St. Petersburg - Oliver Stelzer-Chilton (TRIUMF)



