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Introduction

* After Higgs discovery, the Standard M
 Sofaringood agreement with data

Many experimental observations not =
explainedinthe SM
Nature of Dark Matter/Energy
Baryon asymmetry
neutrino masses

odel (SM) is a self-consistent theory

Model and ideas to address them:
SUSY

Compositeness, Extra
dimensions

Extended Higgs Sector
Top Partner

W’'/7

Minimal Dark Matter

Hidden Sectors

(*)
(*)*
(*)e

—

* Theoryproblems:
* Hierarchyproblem: mg,,/M;, ~ 1016
 How toaccomodate qravity
* Unexplainedhierarchical structure
of Yukawa couplings

(*) in this talk

Search of physics beyond the SM is well motivated
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Introduction

ATLAS has an extensive search program to prove or discard models

ATLAS EXxotics Searches* - 95% CL Exclusion ATLAS Preliminary

Status: August 2016 fL dt = (3.2 - 20.3) fb~* Vs =8,13TeV
Model ¢,y Jetst ET™ [rdif] Reference
ADD Gkk +&/q - =1j Yes 3.2 6.58 TeV n=2 1604.07773
ADD non-resonant (£ 2e,pn - - 20.3 n=3HLZ 1407.2410
ADD QBH — (g 1epu 1j - 20.3 n=6 1311.2006
%k ADD QBH - 2j - 15.7 8.7 TeV n=6 ATLAS-CONF-2016-069
ADD BH high ¥ p1 >lepu >2j - 3.2 8.2 TeV n=6, Mp = 3TeV, rot BH 1606.02265
ADD BH multijet - =3j - 3.6 9.55TeV n=6, Mp =3TeV,rot BH 1512.02586
RS1 Gk — €€ 2e,u - - 20.3 k/Mp, = 0.1 1405.4123
RS1 Gkk — yy 2y - - 3.2 Gkk mass 3.2 TeVv k/Mp = 0.1 1606.03833
Bulk RS Gkx — WW — qqlv 1enp 1J Yes 13.2 Gkk mass 1.24 TeVv k/Mp, = 1.0 ATLAS-CONF-2016-062
Bulk RS Gy — HH — bbbb - 4b - 13.3 Gkk mass 360-860 GeV k/Mp, = 1.0 ATLAS-CONF-2016-049
Bulk RS gxx — tt 1epu =1b,>1J/2) Yes 20.3 BR = 0.925 1505.07018
2UED/ RPP Tep >2b,>24j Yes 3.2 KK mass 1.46 TeV Tier (1,1), BR(A®D) — ¢t) = 1 ATLAS-CONF-2016-013
SSM Z’ — 2epu - - 13.3 | Z’ mass 4.05 TeV ATLAS-CONF-2016-045
* SSM Z’ — 77 27 - - 19.5 1502.07177
Leptophobic Z’ — bb - 2b - 3.2 Z’ mass 1.5 TeV 1603.08791
( ) SSM W’ — v 1epn - Yes 133 | W’ mass 4.74 Tev ATLAS-CONF-2016-061
HVT W/ — WZ — ggvvmodel A Oe,u 1J Yes 13.2 W’ mass 2.4 TeV 8v = ATLAS-CONF-2016-082
HVT W’ — WZ — gqqq model B - 2J - 15.5 W’ mass 3.0 TeV gv =3 ATLAS-CONF-2016-055
HVT V' - WH/ZH model B multi-channel 3.2 V’ mass 2.31 TeV 8v = 1607.05621
LRSM Wg — tb 1en 2b,0-1j] Yes 20.3 1410.4103
* Cl gqqq - 2j - 15.7 A 19.9TeV m = -1 ATLAS-CONF-2016-069
Clttqq 2e,u - - 3.2 A 252TeV nu=-1 1607.03669
Cl uutt 2(SS)/z3 eu 21b,21] Yes 20.3 |Crrl =1 1504.04605
Axial-vector mediator (Dirac DM) Oe,u =1j Yes 3.2 ma 1.0 TeV 84=0.25, g,=1.0, m(x) < 250 GeV 1604.07773
Axial-vector mediator (Dirac DM) 0 e, pu, 17y 1j Yes 3.2 ma 710 GeV 84=0.25, g,=1.0, m(x) < 150 GeV 1604.01306
ZZyy EFT (Dirac DM) Oe,pu 1J4,<1]  Yes 3.2 M. 550 GeV m(x) < 150 GeV ATLAS-CONF-2015-080
Scalar LQ 1%t gen 2e =2j - 3.2 LQ mass 1.1 TeV B=1 1605.06035
Scalar LQ 2" gen 2pu =2j - 3.2 LQ mass 1.05 TeV. B=1 1605.06035
Scalar LQ 3" gen 1eu >1b, >3] Yes 203 [LQmass  640GeV B=0 1508.04735
VLQ TT — Ht + X 1ep =2b=23j Yes 20.3 T in (T,B) doublet 1505.04306
VLQ YY — Wb+ X le,u =21b,>23] Yes 20.3 Y in (B,Y) doublet 1505.04306
VLQ BB — Hb + X le,u 22b,23] Yes 20.3 isospin singlet 1505.04306
VLQ BB — Zb+ X 2/23e,u  22/21b - 20.3 Bin (B,Y) doublet 1409.5500
VLQ QQ — WqWq 1eu >4j Yes 20.3 1509.04261
VLQ Ts/3 Tsz3 — WitWt 2(S8)/=8 e,u 21 b, 21  Yes 3.2 Ts/3 mass 990 GeV ATLAS-CONF-2016-032
% Excited quark g* — qy 1y 1j - 3.2 q* mass 4.4 TeV only u* and d*, A = m(q") 1512.05910
Excited quark g* — qg - 2j - 15.7 q* mass 5.6 TeV only u* and d*, A = m(q*) ATLAS-CONF-2016-069
( ) Excited quark b* — bg - 1b,1j - 8.8 b* mass ATLAS-CONF-2016-060
Excited quark b* — Wt 1or2e,u 1b,2-0j Yes 20.3 = 1510.02664
Excited lepton (* 3epn - - 20.3 1411.2921
Excited lepton v* Beut - - 20.3 1411.2921
LSTC ay — Wy Tepuly - Yes 20.3 1407.8150
LRSM Majorana v 2e,p 2j - 20.3 m(Wg) = 2.4 TeV, no mixing 1506.06020
Higgs triplet H** — ee 2e(SS) - - 13.9 DY production, BR(H;* — ee)=1 ATLAS-CONF-2016-051
Higgs triplet H** — (t Beut - - 20.3 DY production, BR(H}* — ¢1)=1 1411.2921
Monotop (non-res prod) 1enu 1b Yes 20.3 anon—res = 0.2 1410.5404
Multi-charged particles - - - 20.3 DY production, |g| = 5e 1504.04188
Magnetic monopoles — — — 7.0 DY production, |g| = 1gp, spin 1/2 1509.08059
L PR | 2 " 1 "
Vs =13 TeV 1
- 10 1 10 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.

ATLAS Exotics Summary

TSmall-radius (large-radius) jets are denoted by the letter j (J).

(*) models tested in this talk
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Search for resonances

Plots from A.C Gonzalez
Search for resonances as for bumpsthe

Resonances
1 SM /? SM
.‘;3 \ \\’,OJ
3 SM / '
RSM SM SM
MQSS»A/’
* SM background modelling crucial Use all decaychannels
* both datadriven techniques * Fully ha?dromc _
and simulation * di-jet, V(qq)+H(qq) >
*  Varioussignatures with * With I-eptons | =
different resonances widths ) dileptons, lepton +E,™s 21
* Aimtomodelindependent limits * with Photons

* photon +EMss
Marianna Testa 4



Search for deviations

Search for modifications in angular and mass
distributions arising from new contact

Contact Interactions interaction (Cl) scales.

Plots from A.C Gonzalez

£y
-'é!
S M
>
w
BSM
New mediating particle with a mass much
e higher than the energy exchange modeled as
contactinteraction with new physics at energy
£
28 scale A,
§
= BSM * Dilepton =
~_ * Broad excessin invariant mass =
SM — distributions @
* Dijets =8
> . . . . ~
1/ Clis often more isotropic than

QCD->use angular information
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Excellent performance of LHC at Vs =13 TeVin Run 2 (2015+2016) and

high data taking efficiency by detectors

o
o O

ATLAS Online Luminosity
= 2011 pp Vs=7TeV
m— 2012 pp {s=8TeV
— 2015pp ¥s=13TeV
— 2016 pp ¥s=13TeV
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11/04 12/05 12/06 13/07 13/08 13/09 15/10 15/11
Day in 2016

e ~40fb-1 @ 13 TeV recorded in 2015 and 2016
e Data quality efficiency 93-95%
* Increased pile-up conditions with

- challenging reconstruction



Search for new phenomenain di-jets
N

pr=3.79 TeV

fopr=3.79Tev

/

i

v ,/‘/

L% 4 :

ATLAS N
EXPERIMENT

Run: 305777

/'
Event: 4144227629
2016-08-08 08:51:1% CEST M;; = 8.12 TeV




Search for new phenomenain di-jets

Di-jets final states sensitive to a broad class of new phenomena, through generic
features of Beyond Standard Models (BSM) signals

Resonances searches Di-jets angular distributions anomalies:
= | > A _ 2yt 1 +cosér
£ = B | - cos 6
= o
'z o
o)
-
mjr X
* localized excessinthe m;distribution « BSM give moreisotropicsignature
* Sensitiveto narrow resonance: wrt to QCD
 QuantumBlack Hole (QBH), * More sensitiveto non-resonant signals
Excited quark(g*), W’,  Contactinteractions at
excited W* compositeness scale A

Marianna Testa
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@ ATLAS

10 \s=13 TeV, 37.0 b

= o Data

o 10 Background fit

@

Resonance Search in di-jets

BumpHunter interval
—-0--@'.m =40TeV
o g, m:_ =50TeV

"""""

* Single jet trigger p;> 380 GeV 107

q*, ox10
p-value = 0.63

lead b 1 Fit Range: 1.1 - 8.2 TeV
o p,eadisub) > 440 (60) GeV ok <08
§ op
. & -2F-
* To suppresst-channel scattering: ;Fo_s:_ ot
* * _ iF OF 2
*y <0.6(1.2), y = | Y lead™Ysublead | / 2 e
* m; >1.1(1.7) TeV (for W*) ? 2o
» fullyefficient trigger selection & ATLAS
% 10 \s=13 TeV, 37.0 fb’
 Smooth QCD background from  0° O e
. g . . i s —— BumpHunter interval
a Sliding Window Fit o Qg ~o- w;g‘;’;g‘;;g;'gw:g-g;gg
10 . A
) 10°
« BumpHunter algorithm to scan for excesses 107
* Most discrepantinterval:4326— 4595 GeV L v e ;
 globalsignificance of 0.63 (0.83 for W* ) 1011 wierg e
8,
NO E\"dence Of d IocahZEd contrlbutlon from ‘%O_ZE . fjesu B T B e L
g S ncertainty *+
BSM phenomena EE‘;:_ e R

arXiv:1703.09127 2 P

Marianna Testa m, [TeV]




Resonance Search in di-jets: g [ Catas
: . . T 1B 15=13TeV, 37.0fb"
Exclusion limits X OEN ¥<0s :
X 107"k
95 %CL exclusion limit ©
Model Observed Expected 1072
Quantum Black 8.9 TeV 8.9 TeV o o
Hole, ADD 10 ?—o—Observed 95% CL upper Iim;\\\
Excited quark 6.0 TeV 5.8 TeV 104 == Eoces i‘:ﬁiﬁ; e
wW’ 3.7 TeV 3.7 TeV 8 4 6
m,,. [TeV]
W* 3.4TeV,3.8-3.9TeV 3.6TeV

= T T T T T | ]
---------- Exp. 95% CL upper limit for g /m =07
we= Expected+ 1cand+2c T
Obs. 95% CL upper limit for:
—o— /Mgy =0.15
—=—0/m; =0.10

—— G /Mg = 0.07
——0o/m,=0.03

Improved limits from 7% to 40% wrt
analysis based on 3.2 fb!

11 lllllll

o x AxBR [pb]
T

o . . o o -1
Limits on generic Gaussian signals 1075 Aa

* can bere-interpreted with varioussignal models |
102

at particle level 5 E
* MC-based foldingmethods to factorize 10_3i_|y'|<0.6 _
physics & detector effects "~ 1513 TeV, 37.0fb"
- ATLAS ]
D T

Marianna Testa mg [TeV]



Resonance Search in di-jets:

° ° ’

Limits on Z
Z' model: of 3T T T T T
axial-vector couplings to - ATLAS ) ’
SM quarksandto Dirac 0253_ Vs =13TeV,37.0fb E
fermion dark matter ’ - - Observed 95% CL upper limit ’
- N\ Expected 95% CL upper limit @ -
0.2— @\\\\ ~
Assume decay to DM - N -
negligible: 0.15 _
- rateandresonance - -
width depend onlyonthe 0.1 -
couplingto quarks, g,, and . -
the mass of the resonance - -
0'05_1 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | L l—
my 1.5 2 2.5 3 3.5
mz [TeV]

For g,=0.6 the intrinsicwidth of the Z' in the mass range
of interestincreases to 15%.—~> Results limited g,<0.5

Marianna Testa 11



Vs=13 TeV, 37.0 fb ATLAS

m >54Tev { ®Data —SM

------ Cln, =—1,A=22 TeV
Cl nu_=+1. A=15TeV

Theoretical uncert.

B Total uncertainty

Angular Searches
in di-jets it |

e Single jet trigger pr> 380 GeV, , :
prleadisub) > 440(60) GeV 0.06 49<m <54 TeV 1k 46<m <49 TeV

* y*<1.7,y<1.1,m;>25TeV,
yg semi-sum of rapidities

0.04

0.05 ki 43 < m, < 4.6 TeV

* Signal: Contactinteractions

at compositenessscale A |
0.03- s ¢
2n ' DA
P nL(quy”qL)(quyuqL) 0.05 37<m <40TeV - 34<m <37TeV -
+ NRR(GRY" qR) (GRYuqR) 0.04

+ 2nRrL(GRY" qrR) (qLYLqL)] .
0.03 | 1 ,
Nu = =1, Mg = Nr=0 1 2 3456710 20 1 2 3 4567 10 20 30
% X
* QCD background described by MC, 1 + cos@*
normalized to data in each m; bin X=er'~ T~ coso"

* Dominant Uncertainty:

» Jet energy scale (exp) and renormalization/factorization scales (theory)
Marianna Testa 12




Angular Searches in di-jets:

Exclusion limits on contact interactions

T T v T v T T T v T T T T

—

——
ATLAS
Vs=13TeV,370M7; n, =+

rFrTrTy
L L L1l

o/ G,

No deviations from
background expectations 1

1 lllll‘

rFrrremm

—— Observed 95% CL upper limit
----------- Expected 95% CL upper limit i

lllll

10-1 — 4+
95 %CL exlusion limit on A R e
20 25 30

Model Observed  Expected A [TeV]
Nnu=-1 21.8TeV  28.3TeV

—
-

-
o
-b
(&)

LB

~rrrerryrrrrrrrrrrr e T

LA A [ A
ATLAS -

N -
E : s =13TeV,37.0f"n =-1 d
Nu=+1 13.1TeV  150TeV  © L
17.4'29-5 1 E / é.
TeV
N — Observed 95% CL upper limit _
"""""""" Expected 95% CL upper limit
107 N =
: L eecdroadtae |
-10% less sensitivity to other 16 18 20 22 24 26 28 30
benchmark models compared A[TeV]
to resonance search Negative (positive) interference of signal

model M = +1(-1) with SM QCD

Marianna Testa 13



Diboson Resonances

Many BMS predict resonances decaying to VV, VH, HH (V=W,Z)

Spin-0 Spin-1 Spin-2

e Scalar CP-even singlet * Heavy weakly coupled e Randall-Sundrum

e S/G* > WW/ZZ vector triplet (HVT) Graviton G*>WW/ZZ
* Scalar CP-odd Higgs * V*>WZ/Zh or \

* (2HDM) A Zh * Vo> WW/ZZ In this talk

4 e 7

Boosted (J) or Resolved (j1,j2) technique used depending on boson p;

At low mass, exploit leptonicchannels, intermediate mass lepton+jets,
high mass m,,,>1 TeV “all hadronic” decay

Marianna Testa 14



Diboson Resonances: V(qgq) H(bb) Search

Advantages

Large BRs: W/Z—>qq (67%), H=>bb (~70%) ATLAS-CONF-2017-018

Benchmark :

* Heavy Vector Tripletbosons Z’/W’
* Couple to the Higgs/SM gauge bosons and
to fermions

* Model A: comparable BRto fermions
and gauge bosons.

*  Model B: Suppressed couplings to fermions
Strategy:
* Search highlyboosted (pT>1TeV)
V-2>9q andH>bb R

* Better QCD rejections Boosted jets: Increasing transverse momentum
 ReconstructlargeR =1.0jets to
capturedecaysub-jets
= bosontagging techniques crucial
* Discriminate signal jets from background jets from QCD/ pile-up jets

Marianna Testa 15



W/Z tagging techniques

. ) . Trimming
e Reconstruct large R-jets: Anti-kt, R=1.0 jet

e Use Trimming to improve mass resolution
 Combine tracking information (better
angular resolution)

mj = Wealo X mfalo + Wirack X (mJ - . ]
Py Specific for W/Z tagging:

* prdependent mass window

£ 0622?'A'fiix§éi'n'1hiaitidﬁ Preliminary 1 * Cuton D251 exploits 2 and 3-point
S L i- =1.0j - . H
3 el 4 (,:m°=‘e§$°, R -02) E energy correlation functions
§ 0.1 65— [n™"| <2.0 200<p;"""<35068V _E 5000
T 0.14E (S =soy ':';vj:f E 3 ATLAS Preliminary ~ —e— Data 2015+2016
S o1 : s b= [
= 0.125— ; 1500 < pI"* < 2000 Gev_E o -% 6000 ARlarge jet, b-et) > 1.0 =f87I r(ig}zifz)p —;
0.1% & L - Wiels 3 50% efficient & spoof 1o2r2 2000 3 Waets E
0.08F ! W s Ziets = 0 99 @ V. Z+ets,QCD ]
0.06E- “. & -6 Multijets E for W/ Z,~2% 4000 Egg et -
0.04F ™ - L 4 efficient for 3000 E
- Lol o §®% = . 2000 =
0020yt i, o B 4 QCD jets . e
EATE K o4 R PEsahed '::.53.‘.3.*,:,!,!,:,:!9::: —
0 40 60 80 100 120 140 160 180 200
Jet mass [GeV] 3 "5
% 1
© -
S 05 LS

. 50 100 150 200 250
Marianna Testa Large-R Jet Combined Mass [GeV]
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H =>bb tagging techniques

* Require
 MatchingR=0.2 b-tagged track jet(s) to calorimeter jet
 Trimmed jet mass and the trimmed jet energy
correlation ratio D,5!
* ForHp;=1TeV, track jets start to merge — onlyrequireone

6
5 10 crrrprrerperTeprr T prere vy rerep ey reeT ’}0-4:"I‘"l"'I"'I"'I"'l"'l"'l"'l':
g ATLAS Simulation Preliminary < ,a3st. ATLAS Simulation Preliminary ~ ~m™* -
— 105 - ) c 035__ L mele 3
o p, > 1000 GeV, No mi’}" selection 2 - 1s=13TeV, i <2 mEomb -
5 Double b-tag 2 03fF - e —
= 10 e Asymm. b-tag (70% wp) 2 - Ry=m'*/m 3
=] — — Single b-tag o 0.25F -
= wems - L@@dINg Subjet b-tag : R
10° o.2:-—//__/ -
0'15;\W .
0.1F E
0.05F- =
AT PP PP I PP PR PP PP e 0:‘ I P I I N I U I
010203 04 05 06 07 08 098 400 600 800 1000 1200 1400 1600 1800 2000
Higgs-jet efficiency Truth Higgs Jet p, [GeV]

ATLAS-CONF-2016-039
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V(qq) H(bb) Search

* Leading(sub)jet p;>450(250) GeV
* Larger mass jet assigned as Higgs candidate
* HandW/Z tagging applied

 Eventscategorized #b-tagged track jets
associated to the H-jet (1-tag and >2-tag)
* WH and ZH SRs notorthogonal : ~60% overlaj

 Multijet background
from O-tag sample

e SR normalizationfrom sideband

* Mainsystematicuncertainty:
* signal@m=2TeV: 10-15 %
* from B-tagging and Jet mass resolution
 Backgrund:~ 5%
 from b-taggingandtt normalization

Marianna Testa

Acceptance x Efficiency

0.6 v -
- ATLAS Simulation Preliminary ]
0'5:_ Vs=13TeV —e— 2tag SR (WH) -
0.4E —e— 1-tag SR (WH)
------ 2-tag SR (ZH)
03 3 - 1-tag SR (ZH) 1
0.2

0.1+

0
1000 1500 2000 2500 3000 3500 4000 4500 5000

Resonance Mass [GeV]

® g
g 2tagSR | sideband '
o] H H
=
g A t """""""""""" :
5 1tagSR | sideband |
| e
0-tag “SR” sideband

0 : N

75 145 200

Higgs boson candidate mass [GeV]
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Events / 100 GeV

Data / Pred

Events / 100 GeV

ata / Pred

N%rianna Testa

V(qq) H(bb) Results

0 ATLAS Preliminary 4 data
10°E (5-13TeV 36.1fb" [] Multijet

10° 1-tag ZH [ Other Backgrounds
pre-fit

Y uncertainty
- === HVT Model A Z' (2 TeV) x 50

'"F ATLAS Preliminary § data
10° B {5=13TeV 36.1 fb" [ Multijet
105 1"39 WH - Other Bac“gmum

SN uncertainty
= === HVT Model A W' (2 TeV) x 50

1-51' A.' O'v .¢_L_*J} 1 N EERRRIN \
odF RS § ) )
1900 2000 3000 4000

Probing ZH and W

H not orthogonal

Events / 100 GeV

Data / Pred

Events / 100 GeV

Data / Pred

ATLAS Preliminary 4 data
Vs=13TeV 36.1fb" [[] Multijet
2-tag ZH [ Other Backgrounds

T

- SN uncertainty
==== HVT Model A Z' (2 TeV) x 50

T A
a 2oa b i I.L. sesslealeas PN .
- -+ L LD \AREY 00 IRRRRRRARAA
’ 'l L

2000

ATLAS Preliminary 4 data
Vs =13 TeV 36.1fb" [[_] Multijet
2-tag WH [ Other Backgrounds
pre-fit
2NN uncertainty
= === HVT Model A W' (2 TeV) x 50




No large deviations from SM expctations
e Largest excess found at 3.0 TeV in ZH channel, with global significance of 2.2¢, Local3.3 ¢

V(qqg) H(bb) Limits

Limits on Heavy Vector Triplet (HVT) W’ and Z'.
* Model A: comparable BR to fermions and gauge bosons.

* Model B: Suppressed couplings to fermions.

* Fit WH and ZH signal regions separately.

Combining 1-tag and 2-tag regions in each case.

—
o

1 rrrrr T

ATLAS Preliminary
Vs=13TeV 36.1fb"

e

107" N

1072

I] TT llllll]

107

LN AL S B M

—— Observed limit
— — Expected limit
- Expected *1 ¢
:] Expected 2 ¢

=== HVT Model B, g =3"
—— HVT Model A, gv=1—

1 lllllll L L L

1Ll

llllll 1 11

o(pp = W' — WH) x BR(H — bb+cZ) [pb]
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IIIII T llllllll T

ATLAS Preliminary

T T
—— Observed limit

— — Expected limit
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V(qq) H(bb) Results

* The slight excessis not new, but hasn’t grown
« CMS: a small excess not in the same place

.y
o

T rrrroro T v

ATLAS Preliminary ~__ oooorved it
Vs=13TeV 36.1 b’

-
o

LN S S —rrJ]rrror Ty

ATLAS Prellmlnary —— Observed limit

L L 1Lty

— — Expected limit
- Expected *1 ¢
[ ] Expected +2 ¢
-=-- HVT Model B, g =
— HVT Model A, gv-1

L L

\s=13TeV 13.3fb" — = Expected limit
- Expected *1 ¢
"] Expected 2 ¢
===~ HVT Model B, g =3-
o —— HVT Model A, g =13

.

1 lllllll
| llllllll

.
<

1 1 llllll

LA
L Ll

1072
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6(pp = W' = WH) x BR(H — bb+cT) [pb]
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: Q1 _3 1 ' ' l L L L ' ' ' A L L l 'l ' ' L ‘ ' l L
AP B B B T8 e s 0 =™ 1500 2000 2500 3000 3500
1000 1500 2000 2500 3000 3500 © m,, [GeV]
My [GeV] X — VH — agbb 359" (13 TeV)
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ATLAS highest transverse mass
in u channel

' E’“'SS =1.05 TeV \ Run: 302872

— | : Event: 98578438
o1 — 2016-06-26 17:11:38 CEST

S—

ATLAS-CONF-2017-016




Search of high-mass resonances
in the dilepton final state

-

ATLAS highest dielectron invariant
mass 2.38 TeV

ATLAS-CONF-2017-027
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Searches with Leptons

Di-lepton and Lepton + E{™s final states sensitive
to a broad class of new phenomena

1. Direct search of narrow new heavy resonances
* Sequential Standard Model (SSM):
Z' W’ with same couplingsto fermions asZ/W
* ForZ :Grandunified Theories (GUT) inspired E6
gauge group:
e predicts two neutral gauge bosons mixingto
Z' (Bgg) =Z', cos (Ogg) +Z', sin (Bg)
e Signalsconsidered for 6 values of O

2. Non-resonantdeviationsfrom predicted
SM dilepton mass spectrum.
* new interactionsorcompositenessinqgqg - I*I
* contactinteraction rappresentation

24



Searches with Leptons: Analysis strategy

Dilepton Selection Lepton + ET ... Selection
Single electron(u) triggers
Tight ID e(u) py> 65(55) GeV

Di electron and single triggers.

1 e (u) with Er(pr) > 30 GeV E;miss > 65(55) GeV, my > 130 GeV
gtot = 73% (44%) for ee (uu) channel gtot = 81% (77%) for e, 50% (46%) for

for my =3 Tev W @m, =2TeV(4TeV)

Look for excess in m; distirbution

Look for excess in m; distirbution:

mr = \/ZpTE!rni” - (1 — cos Ag)

Backgrounds
Real lepton(s):
e Drell-Yan (dominant) by MC
* NLO Powheg generator
mass dependent correction to NNLO QCD
* mass-dependent EW-corrections at NLO

e tf,single-top,WW,WZ,andZZby MC

jet faking electrons:
W +jets and multi-jet events
estimated from data

ATLAS-CONF-2017-016
ATLAS-CONF-2017-027 25




Dilepton Search: Systematics uncertainty

Source Dielectron channel | Dimuon channel
Signal Background | Signal Background
Luminosity 3.2% (3.2%) 3.2% (3.2%) 3.2% (3.2%) 3.2% (3.2%)
MC statistical <1.0% (<1.0%) <1.0% (<1.0%) | <1.0% (<1.0%) <1.0% (<1.0%)
Beam energy 2.0% (4.1%) 2.0% (4.1%) 1.9% (3.1%) 1.9% (3.1%)
Pile-Up effects <1.0% (<1.0%) <1.0% (<1.0%) | <1.0% (<1.0%) <1.0% (<1.0%)
DY PDF choice N/A <1.0% (8.4%) N/A <1.0% (1.9%)
DY PDF variation N/A 8.7% (19%) N/A 77% (13%) |
DY PDF scale N/A 1.0% (2.0%) N/A <1.0% (1.5%) Largest Theory
DY ag N/A 1.6% (2.7%) | N/A 14% (22%)  uncertainty
DY EW corrections N/A 2.4% (5.5%) | N/A 2.1% (3.9%)
DY y-induced corrections N/A 3.4% (7.6%) N/A 3.0% (5.4%)
~ Top Quarks theoretical N/A <1.0% (<1.0%) N/A <1.0% (<1.0%)
Dibosons theoretical N/A <1.0% (<1.0%) N/A <1.0% (<1.0%)
Reconstruction efficiency | <I.0% (<1.0%) <1.0% (<1.0%) @ 10% (17%) = 10% (17%) |
Isolation efficiency 9.1% (9.7%)  9.1%(9.7%) | 1.8% (2.0%)  1.8% (2.0%) Largest exp.
Trigger efficiency <1.0% (<1.0%) <1.0% (<1.0%) @ <1.0% (<1.0%) <1.0%(<1.0%)  uncertainty
Identification efficiency 2.6% (2.4%) 2.6% (2.4%) N/A N/A
" Lepton energy scale <1.0% (<1.0%) 4.1% (6.1%) | <1.0% (<1.0%) <1.0% (<1.0%)
Lepton energy resolution | <1.0% (<1.0%) <1.0% (<1.0%) = 2.7% (2.7%)  <1.0% (6.7%)
Multi-jet & W +jets N/A 10% (129%) N/A N/A | Largest _
Total | 10%(11%)  18%(132%) | 11% (18%) 14% (24%) uncertainty
at high mass
Background and signal systematic uncertainties at due to
extrapolation

dilepton masses of 2 TeV (4 TeV)

Marianna Testa
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Lepton + E;™'S : Systematics uncertainty

Source Electron channel Muon channel
Background Signal Background Signal
Trigger negl. (negl.) negl. (negl.) 2% (2%) 2% (2%)
Lept tructi
ond identifeation el (aegl)  negl (aegl) | S%(6%) 6% | Largest exp.
uncertaint

Lepton momentum 4% (5%) 1% (3%) 3% (9%) 1% (1%) Y
scale and resolution
EF' resolution and scale <0.5% (< 0.5%) <0.5% (<0.5%) | <0.5% (1%) 1% (1%) Largest
Jet energy resolution <0.5% (< 05%) <0.5% (<05%) | <0.5% (<0.5%) <0.5% (< 0.5%) taint
Pile-up 1% (<05%) 1% (<05%) | <05%(1%) 1% (<0.5%) U”‘;?rham y
Multijet background 12% (109%) N/A (N/A) 1% (1%) N/A (N/A) at high mass
Diboson & top extrapolation | 5% (21%) N/A (N/A) 5% (13%) N/A (N/A) due to .
PDF choice for DY 1% (19%) N/A (N/A) < 0.5% (1%) N/A (N/A) extrapolation
PDF variation for DY 8% (20%) N/A (N/A) % (11%) N/A (N/A)
EW corrections for DY 4% (9%) N/A (N/A) 4% (5%) N/A (N/A)

. Largest Theory
Luminosity | 3% (3%) 3% (3%) | 3% (3%) 3% (3%) uncertainty
Total | 17% (115%) 5% (5%) | 12% (21%) 6% (8%)

Background and signal systematic uncertainties

atmy,,’ =2TeV (4 TeV) ”



Dilepton Search: Result

-

-
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_(l)_ Y Y T T YT T Q : Y Y Y Y T =TT Y
g ATLAS Preliminary ¢ Data g 10 ATLAS Preliminary ¢ Data
e \s=13TeV, 36.1 fb" — A, e Ys =13 TeV, 36.1 fb" I zy
i Dielectron Search Selection 5 D?t?o s::' s . Dimuon Search Selection [} Top Quarks
10 ) Multi-Jet & WJets 10 [ Diboson
10° —Z, (3 TeV) 10* —2Z,(3TeV)
—Z; (4TeV) —Z,(4TeV)
10° —Z,(5TeV) 10° 7 (5 Tev)
10 10
! 1
107 10"
10° 10°¢
2 by I 1 o 14
o 1.2 I g .
~ 1 w..tw o 1.2
£ o8 ﬁ*} 1l 5
O 06, Vet T 08
o_ 14 T ] L ] : I'I \ O o6 . . .
-5 1 & 5;_.::1.2- I 1. anssmaane
‘3 8 0.8 + ~ B 1 et L
Q" 06 1| 1 1 T A | l | 1 11 %80.8 . I ) 1l . ~
100 200 300 1000 2000 = Rl Y- | e N6t | | | | e ————

Dielectron Invariant Mass [GeV] 100 200 300 1000 | 2000

Dimuon Invariant Mass [GeV)

No significant excess is observed

Most significant excess in di-electron mass spectrum is observed at 2.37 TeV,

global significance of -0.20. -



Dilepton Search: Limits

For various Z’ models Generic limits:
upper limits are set for Z’ « fiducial cuts (pr>30 GeV, |n|<2.5) on
cross sections times BR wrt m, signal templatesand a mass window of x 2

the signal width (Breit-Wigner).
 Other modelscan be interpreted
with these cross-sections

g L ) o E
u% 1 ATLAS Prelummary_1 --- Expected limit 3 m% ATLAS Preliminary 1% width E
o 1s=13TeV,36.1 10" pevpected+ 16 - o \s=13TeV,36.1 fb' — 2% width .
o Z | Expected 20 | < Z > — 4% width i

E 1072 observed limits — 8% width E

: —16%width

102 . —32%width ]

. " .

10° . 10 :
10* ]
107 E

10’5"‘ LA L.l I - LA L.l P - dd il i il LA A A "1‘l|| 3
05 1 15 2 25 3 35 4 45 5 T o e

M, [TeV] . . . . .
M, [TeV]
Limit increased by up to 700 GeV wrt limit obtained with 3.2 fb!
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Dilepton Search:

Exclusion limits on contact interactions

» Ditferentchiral structures £ = % (L @uyuqn) (CLr60) + nr@ryudr) o 6o)

tested: _ -
e Left-right left-left, +MLR(GLYuGL) (ERYER) + MRL(GRYugR) (ELYEL)]

right-rights < 55 l : l I I | l :
© MRy =fi1 e E  ATLAS Preliminary — Observed :
* Nurr) =% < - - -1 =
« the others to zero F fr ic:r'1:13 /Igv’ 36.110 Expected -
* (con)destructiveinterference  *°E 5 Bl expocedzio =
of signal model ;= -1(+1) 40— Fpscedrze -
with SM QCD = ]
 Limits on A between 23.5 E
and 40.1 TeV =

LLConst LLDest LRConst LRDest RLConst RLDest RRConst RR Dest
Chiral Structure
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Lepton + E;™'sS Search: Result

No significant excess is observed

@ ) r T r o o 10° . T , o
5 'UF amas Preliminary —W'(3Tev) « Data & . F ATLAS Preliminary —W' (3TeV) e Data
D b 1s=13Tev, 361167 —W (4TeV) g¥’ ) @ 10E \s-13Tev,36.1f67 —W (4TeV) 9?’ )
: ; — W (5TeV) op quar ' uv : — W (5TeV) op quar
10° W' — ev selection CIMultiet 10° k- W' = nv selection Dz
0y = 10° () Diboson
10* [ Diboson [CJMultijet
10° R
10°
10°
10 10°s
10 10
1 1
10" 10!
2 14 2 14
9 1'21 "3 1'21 o
© e S A SR i o it Y N G B N R e I | oo oo a e e R Rl kRl i ) e e e ) AR 8 MR e
£ 08 @
S 06 8 38
2_14 _1.
& & 1.2; _ g b }% :
£ 808k g 8 0sb
S8~ 06 | 5808 )
200 300 1000 2000 200 300 1000 2000
Transverse mass [GeV] Transverse mass [GeV)
most significant excess at my,= 1.1 TeV: most significant excessat m ,, ~ 5 TeV:
local (global) significance of 2.3 (0.6) local (global) significance of 1.8 (0.1)
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Lepton + E;™'ss Search: Limits on o -BR

S 10 l . . ¢ . ] ' . v ’ ] ) bl . ¥ l . . ¥ u ? S 10 - T l T T T T ] T T T T ] T T T T l L L LS T E
S ATLAS Preliminary E = ATLAS Preliminary 3
% s=13TeV,36.1 fp!  Cxpectedlimit > --- Expected limit 7
g 1S = , 36. g . 2 s = 13 TeV, 36.1 fb’ )
s R cL SpeoE® g W v W Expected+ 1o
N (-] -1 H :
% } Expected + 26 & 95% CL Expected + 20
x 10 — Observed limit 3 10" -
_; 3 X — Observed limit
& — Wigy =
al0? g §
‘b‘ E V10-2
- S
10°
10°
-4 . . P S e
10 1 2 3 4 5 6 N T T T
m,, [TeV] 10 1 2 3 4

* Observed (Exp) limits on m W',
e« 5.22(5.10) TeV for e channel
 4.45(4.71) TeV for u channel
e 5.11(5.24) TeV combined

Limits improved by ~ 1 TeV wrt previous analysis based on 3.2 fb-1
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Searches with Leptons

Significantimprovement wrt previous ATLAS searches

LELELE BLALAL AL BLELALELE BLALELALE BLELEL AL BLALELALE ILALELALE BLELELALE BLALALALE BLALELAL

ATLAS Preliminary

10" =
10° o
10° =t ATLAS 18 =13 TeV (ee 36.1 i, up 36.1 fb") =
—e— ATLAS \s=13TeV (ee 32 ;up 321b") =

. —a— ATLAS \1s=8TeV (ee 203 up 205m"')
10 —o— ATLAS 15 =7TeV (ee 491"y 5.0") 5
—a ATLAS \s =7 TeV (ee 39 pb',up 42 pb") 3

T 1 TP IS AP PN PN P DU PUE P P
0.5 1 15 2 25 3 35 4 45 5

M_ [TeV]

Observed limits to the Z’ssmcross section
from the combination of di-electron and

di-muon channels.
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7
1072
A —— ATLAS \s = 13 TeV, 36.1 fb’'
1073 v —— ATLAS \s = 13 TeV, 3.21b"
H ; —e— ATLAS \s = 8 TeV, 20.3fb"
al —=— ATLAS \s = 7 TeV, 4.7 b
10 ~~ ATLAS \s = 7 TeV, 1 fo’
' A l ' A A A l e 1 ’ e l e 'S A e l A ' A ' s l 'l A . '
1 2 3 4 5 6

m,, [TeV]

Observed limits to the W’ssm cross section
from the combination of electron and

muon channels.



Photon + E-™'ss search

Emiss_= 1,05 TeV

no jet in
the event




Photon + E-™'ss search

* ManyBSM introduce e new bosons Y: Pr>150 GeV,
which can decayinto Gauge Bosons:
e Consider X->2Zy, Z>wv o
» Search excess of y+ E{™ events —— ' 047\ /e veto
* Benchmark model: pT>'3o Gev/)
* Scalarresonance 2<m<5 TeV, | ,hu\\
I'=4 MeV, simulated with Powheg “\a
MET>150 GeV,
Fvent cleaning Quality and Primary vertex
l.mding_ pllolon I‘.} = NG I’II < 137 o1 152 < |r,| < 237,
tight, isolated, |z| < 0.25 m,
Aoly, E-’;-""! - 04 3 Signal
Ey=/ ¥ Fr > 83 GeV'/2 regions for
Jets Dor 1 with pr > 30GeV, || < 4.5 and Ap(jets, ET™) > 0.4 resonances
Lepton veto on e and g searches
SRI SRI2 SRI3 SRE| SRE2
Emi= (GeV] > 150 > 225 > 300 150-225 225300
Selected events in data 2400 720 236 1671 193
Fvents with 0 jets 1559 a70 116 1180 263
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Photon + E-™'ss search

* Background:

o Z(vv)+ vy (ISR) (dominant)  W(=2Iv)y, Z(=>vV)y, v + jets
* Fromsimulationand normalized in dedicated CRs
* Fakey from electron and jets from W/Z+jets, diboson and multi-jet events

* fromdata

>
—e— data
& ATLAS Signal Region Z(-vv)y
@ = ]zr + jets
< - (> )y
L%) == m/m__=10/700 GeV
[ yyri yrrl ./// 2

g 1.5F7 E
I} 1 %//f//f//f/f/////f//%W%@W
®© E E
Q 0-5 .-_x La L L L 1 1 1 1 1 1 L __

160 180 200 220 240 260 280 300 320 340 360

Efrniss [GeV]

Events / 75 GeV

Data/Bkg

10° & ATLAS Signal Region +g?'_a,wn
; W(- v)y
- ¥s=13 TeV, 36.1 fb" mmm Fake Photons
 — §+ jets
- (- )y
0 === m/m__=10/700 GeV
peitiiloigiiiicn .;)}?7)/'/77)'/'/y7//77)/'/
10°
10
1
1] SRS AREARARARARE AR AR AREERARERERERRARAS
1 W//%/////f/é///%/////ﬂWWg
0.5:—.|...1...|...|...l...l...l...l...l...l...l..—:
160 180 200 220 240 260 280 300 320 340 360
E; [GeV]

Main uncertainties: Statistical from CRs: 9%.

Marianna Testa
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Photon + E;™'ss search

S
" ATLAS -

{s=13 TeV

-

2

llllll

.........
-----

——— Observed (36.11b")
B eeseees Expected (36.1 fb")
N Expected + 1o (36.1 fb”)
Z-»qq Observed (3.2 fb™)
susss Z-qq Expected + 10 (3.21b7)

|

b
o

L1 11111

PUNITSRET W S (W ST WU S NS SRS A N SN SN U SN N RN S S SR T
2000 2500 3000 3500 4000 4500 5000
my [GeV]

95% CL limit on o(pp— X)xBR(X— Zy) [fb]

Zy, Z 2vv complement tosearchesusingZy, Z 2qq at higher masses
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Conclusions

Search for new physics has been performed using full 2015+2016 dataset

No deviations from SM expectations are observed

Di-jets final states
 Limits onresonances masses between 3.4 and 8.9 TeV
e contactinteractionsscale A> 13-29 TeV

Lepton+neutrino final state: W', excluded for M ,, > 5.1 TeV

Dilepton final state:
 Z\ excludedfor M, > 4.5TeV
e contactinteractionsscale A > 23-40 TeV

Photon + E;™ final state
e Upperlimitson oxBR for a Z(vv)gamma resonance
set for masses between 2-5 TeV.
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ATLAS Preliminary — W' (3 TeV) « Data

Events

Search of W' - e v: event yield O o W (5To) T
10° Dzy

[ Diboson

* TightID electron p;> 65 GeV 1o
e EMs >65GeV, m; > 130 GeV °
* Bkg with “real” leptons estimated with MC 1

e Largest from W Drell-Yan production 10"

e Bkg from misidentified objet: data-driven
e Accxe= 81% (77%) @ m ,, =2 TeV (4 TeV)

200 300 1000 2000

Transverse mass [GeV]
1931

Data / Bkg

OO0 ek OO =it
DOV DO

Data / Bkg
(post-fit)

Exp SM 1960+140  224#23  5.7+1.4  0.4%0.4 ,
e Syst. Uncertainty for

Bkg and Signal:
7% (115%) and 21% (10%)
m; =2 TeV (4 TeV)

SM+ 2260+ 160 3930 380+80 1.4+0.4
W’ 2 TeV +80

No significant excess is observed most significant excessatmy,=1.1TeV:
local (global) significance of 2.3 (0.6)
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ATLAS Preliminary —W'(3TeVv) e Data

Events

. 107 _ 4 W
Search of W' = u v: event yield W i sssn W isToy ETopau
[ Diboson

CJMultijet

* TightID muon p;> 55 GeV

e E/Ms >55GeV, m;> 130 GeV

e Bkg with “real” leptons estimated with MC
e Largest from W Drell-Yan production

* Bkg from misidentified objet: data-driven

e Accxe= 50% (46%) @ m ,, =2 TeV (4 TeV)

-

Data / Bkg
OO —~= 00 == Q
DOLND DD LD
& L

Data / Bkg
(post-fit)

- I 4 =
Transverse mass [GeV]
Obs 3 3

1392 177

Exp SM 132090 15013  4.720.6  0.63%0.13 ,
e Syst. Uncertainty for

Bkg and Signal:
SM+ 1740+100  1870+90 374428 18%4 12% (21%) and 6% (8%)

W’ 2 TeV
m; =2 TeV (4 TeV)

No significa nt excess is observed most significant excessatm ,» ~ 5 TeV:
local (global) significance of 1.8 (0.1)
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Search for new resonances op e, Suenh o

. . W' - ev selection —W (5Tev) 5;1%?;&#‘

decaying to a charged lepton g
and a neutrino v

* BSM models introduce new heavy charged Spin-1
gauge-bosons W’

* W’ ->Ivexperimental signature éz‘” ig : .
S 06
: 312 ool
* Benchmark model: Sequential Standard Model (SSM) gégg{ - mw'-mﬁﬁ

0 1

—

|
* Same fermion coupling asthe SM W 200300 1000 aewbrse mass [GoV]
* no coupling to W,Z

%) 108 v T —r—Tr—TTrrT T T e
’ & imi — W' (3 TeV « Data
* Interference between W and W’ neglected g qof ATASPreimnay ATy LW
10° k- W' = pv selection — W (5TeV) 5;779 quark

[ Diboson
CJMuttijet

* Analysis Strategy:
* exactly one high- p; lepton and large missing
transverse energy
* Compare transverse mass distribution to SM
predictions

mr = \/2PTE§~"”S - (1 — cos Ag) 5 of
gags i
ATLAS-CONF-2017-016 .

Transverse mass [GeV]




