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Introduction

» After Higgs discovery, the Standard Model (SM) is a self-consistent theory

 Sofaringood agreement with data

* Manyexperimental observations not =
explainedinthe SM
* Natureof Dark Matter/Energy
* Baryonasymmetry
* neutrino masses

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

(*) in this talk

Model and ideas to address them:
e SUSY
(*)» Compositeness, Extra
dimensions
* Extended Higgs Sector
Top Partner
W’'/7
* Minimal Dark Matter
* Hidden Sectors

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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- ATLAS Online Luminosity
= 2011 pp Vs=7TeV
= 2012pp Ys=8TeV
— 2015 pp Vs=13TeV
m— 2016 pp Vs =13 TeV

* Searches of new phenomena with
di-jet final states
full 2015+2016 dataset NEW

e
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Search for new resonances decayingto a
charged lepton and a neutrino
full 2015+2016 dataset NEW
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Search for new high-mass resonances

in the dilepton final state with 13.3 fb!
and 3.2 fb -1 Excellent performance of LHC in Run 2:

 Center-of-massenergy: Vs =13 TeV
* Collected good data:36.1 fb
3.2 fb1in 2015, 32.9 fb in 2016

Marianna Testa



Search for new phenomenain di-jets
N

pr=3.79 TeV

fopr=3.79Tev

/
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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 T L
— A T =l
= o | —cos@*
o ©
- <
Z
o
- -
m .. X
* localized excessinthe m;distribution « BSM give moreisotropicsignature
* Sensitiveto narrow resonance: wrt to QCD
 Quantum Black Hole (QBH), * More Sensitive to non-resonantsignals

Excited quark(g*), W/, * Contactinteractions at
excited W* compositenessscale A
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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 [ Caras
: . . T 1B 15=13TeV, 37.0fb"
Exclusion limits x PN ¥i<0s :
<>E 107'E
95 %CL exclusion limit ©
Model Observed Expected 1072
Quantum Black 8.9 TeV 8.9 TeV -
1023 —-W N E
Hole, ADD —e— Observed 95% CL upper limit ~><_ E
Excited quark 6.0 TeV 5.8 TeV 104 __IE;‘,’ZEI:Z iif,it; " :,"mn l\\_
w’ 3.7 TeV 3.7 TeV 8 4 6
m,,. [TeV]
W* 3.4TeV,3.8-3.9TeV 3.6 TeV
g E' ------- | Ex;;. 95°/LCL ulppef Ilimit it;r GGJIIT\G=(')E
Improved limits from 7% to 40% wrt T s 95 CLupperimtlor. |
analysis based on 3.2 fb! LA ot
X i —— 0 /mg = 0.07 i
Limits on generic Gaussian signals o 107F A
e can bere-interpreted with varioussignal models ,
* MC-based foldingmethods to factorize 10 g
physics & detector effects 1051 y1<os
. : =yl <0. E
* Excluded at95% CL effective cross-sections from "~ 1s=13TeV, 37.0 fb -
20-50 fbat mg< 2 TeVto 0.2-0.4fb formg>6Tev [ A% |
2 4 6
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Angular Searches
in di-jets

Single jet trigger p;> 380 GeV,
prlead(sub) > 440(60) GeV
v*<1.7,yg<1.1, m;>2.5TeV,
yg semi-sum of rapidities

Signal: Contactinteractions
at compositenessscale A

2

Lgg 5 nLL(qLy*qL)(qLyuqr)

+ NRR(GRY" qR) (GRY 1 qR)
+ 2nRL(GRY" qR)(GLYHqL)],

Nu = =1, Ngr = Ngr1=0

QCD background described by MC,
normalized to data in each m; bin

Dominant Uncertainty:

Vs=13 TeV, 37.0 fb™
| m,>5.4TeV -

ATLAS
e Data —SM
...... Cln, =-1,A=22TeV
Cl qu=+1. A=15TeV
Theoretical uncert.
B Total uncertainty

0.06

46<m < 4.9 TeV

49<m <54TeV L

0.04

0.05 ki 43 < m, < 4.6 TeV

0.04

0.03[:

0.05

¢ ¢
3.7<n\i<4.0TeV -

34 < m, <3.7TeV -

0.04

0.03 ¢ i 1} ,
1 2 34567 10 20 1 2 3 4567 10 20 30
% %
1+ cos@”
Xx=e”"~
1 —cos@*

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




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 10



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




107

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]




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)

Marianna Testa 13



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)

Marianna Testa 14



Search of W' = |lv: Limits on o ‘BR

§10 lrvvvl.vtvaVVVVIVIv? 310 vlvrrvlvvvvlivvvlvvtvg
= ATEAS Proimnary Expected limit - S ATLAS Preliminary e
= 1 ] = ted limit |
9r> ’ \s’- 13 TeV, 36.1 fb .E s z \s =13 TeV, 36.1 fo" xpected limit ]
3 ;\éo/—’CeLv wpecled 3 ; 1 : W' = uv . Expected * 1o _g
(-] -1 . -
& 10 Expecied 20 E’ 95% CL Expected + 26 _
X — Observed limit 3 ;
s F PRI 2 x 107 — Observed limit
& 2— — Wiy - =
al0~ g
5 F é‘o'z
C ©
10°E
10°
10-4: P S e

5 6 T T T T
m,, [TeV] 10 1 2 3 g

* 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

Marianna Testa 15



Search of high-mass resonances
in the dilepton final state

-

ATLAS highest dielectron invariant
mass 2.38 TeV

ATLAS-CONF-2016-045 16

Marianna Testa



Search of high-mass resonances

in the dilepton final state

Di-lepton final states sensitive to a broad
class of new phenomena

1. Direct search of narrow new heavy resonances Mx
* Sequential Standard Model (SSM):
Z' with same couplings to fermions asZ
e Grandunified Theories (GUT) inspired E6 gauge group:
e predicts two neutral gauge bosons mixingto
Z' (Bgg) =Z', cos (Ogg) +2Z', sin (Bg)
* Signalsconsidered for 6 values of O

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

17



T T T T L r
ATLAS Preliminary ¢ g/at*a
{s=13TeV, 13.3 fb" =y

. . I Top Quarks
Dilepton Search Selection [ Diboson

Events
=

Searchof Z' = Il:

- 10° [ ;/!ultiz-JTetV& WiJets
Analysis strategy - =L
e Trigger: 2e with E;>17 GeV ‘100
1l u—-isop;>26GeV OR1 up;>50GeV :
* Selection: *
 >e (u)withE;(p) > 30 GeV o 14 S =
* Isolation and quality criteria iy —— +*"HI il| E
0.8 =
e gt =73% (44%) for ee (uu) channel 0.65 HI =
100 200 300 1000 2000
fOr mz’ — 3 TEV Dielectron Invariant Mass [GeV]
§ 10 ATILAS P'relirrl1inz-1'ry' o + Dat;a
+ Backgrounds with two real leptons: of Gt Qer
 Drell-Yan (dominant), tf, single-top, WW, - ey,
WZ,andZZbyMC e
* Background dueto jet fakingelectrons: ‘1°0
e W +jets and multi-jet events estimated ,
from data v
* Syst. Uncertainties for bkgat m;~4 TeV: 5 ! | - 3
e e (p)efficiency: 5% (17%) 8 821_ B OM, ¥ i o
e orpuenergyscaleandresolution:~10% 100 200 300 0y N

ATLAS-CONF-2016-045 18
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ATLAS Preliminary _

Is=13TeV, 13.3 b’
Z =

o B [pb]

--- Expected limit |
I Expected + 16 3
Expected £ 26 ]

Searchof Z' = ll:

Limits on o - BR ol

No significant excess is observed

Limit increased by 700 GeV wrt
limit obtained with 3.2 fb!

102
10°E

10 =

M, [TeV]
Lower limits on mys [TeV]

Model | Width [%] | 0g, [Rad] ee 2
Obs Exp | Obs Exp | Obs Exp
Zr 3.0 : 385 3.86 | 349 3.53 | 405 4.06
Z;( 1.2 0.50 3.48 349 | 3.18 3.19 | 3.66 3.67
7 1.2 0.63 m 3.43 344 | 3.14 3.14 | 3.62 3.61
Z 1.1 0.71 3.37 337 | 3.08 3.08 | 3.55 3.55
Z,,/7 0.6 0.21 7 3.25  3.25 | 296 294 | 3.43 3.42
VAS 0.6 -0.08 7 3.23 3.23 | 295 294 | 341 341
Zz,p 0.5 0m 3.18 3.8 | 290 288 | 3.36  3.35

19




Searchof Z' = ll:

Exclusion limits on contact interactions

* Basedononly3.2 fb™ of L = g (7L @Ly,ar) ELy*€L) + mrr@RYugR) (ERY*ER)
data collected in 2015 @ 3 _ _
+nLR(GLYuqL) (ErY¥ER) + MRL(GRYuGR) (LY EL)]

* (con)destructiveinterference
of signalmodeln; =-1(+1) 20
with SM QCD

e Limitson A between 16.7 15
and 25.2 TeV

e Differentchiral > 40r ! ! ! ! ! ! ' -
t t test d ) = B ATLAS — Observed 7
SHTUCTUNES Tester: < g5 Vs=13TeV,321b" "~ Expected _

) Left—right ,|€ft-|€ft, B Prior: 1/A2 I Expectedt 1o ]
right-rights C Gl Spected 20 7

30— — (s=8TeV,20fb" —

* Nrery=11 - :

*  Nugr =11 - -

* the others to zero 25 ]

III|IIII

| | | | | | |
LL Const. LL Destr. LR Const. LR Destr. RL Const. RL Destr. RR Const. RR Destr.

Chiral Structure

Phys. Lett. B 761 (2016)

Marianna Testa 20



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
* contactinteractionsscale A>13-29 TeV
* New techniquesto fit background and new folding methods

* lepton+neutrino final state: M ,, > 5.1 TeV
e dilepton final state:

* M, > 34-41TeV
e contactinteractionsscale A> 17-25 TeV

Improved limits on many signal scenarios compared to previous results

Marianna Testa 21



Backup
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Limits on Z’

Z’ model: o 0'3:_IA;'L;AS”I”“l””l””I—:
axial-vector couplings to al - ys=13TeV,37.0fb" .
SM quarksandto Dirac 025 ___ Observed 95% CL upper limit 7
fermion dark matter E NN Expected 95% CL upper limit \\>\\%® E

0.2f \\\x\\\\\\ -
Assume decay to DM - ’
negligible: 0'15:_ E
- rateandresonance 0.1 _:
width depend onlyonthe E §
couplingtoquarks, gq,ani 905 . . oo oo L]
the mass of the resonance 15 2 23 3 33
m., my [TeV]
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