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- Importance of systematic uncertainty related to MET in the low mass

- Similarly the extrapolation of the efficiencies and the calibration at very high pT is very

important: not a low hanging fruit!



Di-jet Searches

Resonant and non resonant search
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distributions in bins of di-jet mass.

Interpret in terms of limits on Contact interaction. Limits on Cl mass scale of up to 20 TeV



Di-jet Searches
Investigating the intermediate mass range
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(A) Trigger Level Analysis

Only small necessary information is stored and
the analysis is done at trigger level, calibration is
particularly non trivial in this case.

ATLAS-CONF-2016-030

(B) ISR with photon ATLAS-CONF-2016-070

Use ISR photon for triggering and look at
recoiling jet pairs

(C) ISR with jet ATLAS-CONF-2016-070

Use higher jet activity to reach lower
masses using an ISR jet
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Large R-jet algorithms used to tag hadronic decays of particles
such as W, Z, Higgs and the top.

Algorithms use substructure of jets.

Pileup subtraction is very important, and a large number
algorithms have been developed.

Overall performance is very impressive!
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Searches for a Resonance in Diboson VV Final States

ZV (with Z to dilepton) ZV (with Z to wv) Modest excess Run-1
VVto lJ

observed at Run 1 to be
checked
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Events

Top Pair Resonance Searches

Using boosted jets substructure techniques
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High mass top pairs are
excellent to highlight the
performance of top tagging
techniues

The large number of top airs produced
is very important to validate/calibrate
the substructure reconstruction

4000 algorithms.

Limits ranging from 2.5 to 3.5 TeV
(Depending on the assumed width of

Possible non-negligible interference signal
and background neglected.



Searches for Vector Like Quarks

Additional (sequential) 4t generation is ruled out by the Higgs couplings.
Would be significantly changed in case of a 4t" generation.

Mass terms for fermions strongly interacting, i.e. Quarks which transform as SU(2), are
gauge invariant and therefore do not need to couple to the Higgs.

Found in many models: Composite Higgs, extra dimensions, little Higgs.

Complex channels looking for T(2/3), B(1/3): Ht+X, Wt+X, Wb+X, Zb+X, Zt+X (Performed at
Run 2) so far and T(5/3) 4tops final state.

[7)] T T T T T T T T
ATLAS Simulation Preliminary [T + light [t +cT [t + bb ‘g 107 ATLAS Preliminary ¢ Data2015 [ ]tf + light [Jtf+cT -
s =13TeV Ott+V/H  [JNon-t RT Vys=13TeV, 3.2’ Wt + bb [Jtt+V/H [JNon-ft
5i,2b 6j,2b 7j,2b 8j,2b 9j,2b >10j,2b 10° | Post-fit Uncertainty 3
5,3 6j,3b 7j,3b 8j,3b 9},3b >10j,3b '
5),>4b 6j,24b 7j,24b 8j,>4b 9j24b >10j,24b .

o \

o 1.25 '

eeceeeee -

© 0.75 !

©

o

. . . 5 5 5> 6 6 6‘;\I 2707 5, I SN
lllustration of the reach in complexity of 20 T3 ey B2 T Aoy 1095 P20 "0

signature with up to 10 jets with 4 b-tags. ATLAS-CONF-2016-020



Dark Matter Searches

Complementarity
Of course ourstanding if seen in a lab!

Production at colliders

Direct detection

SM DM

SM DM
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co — anthilation
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LHC more typical scenarios
The gluon below can be replaced by a
photon, vector boson, Higgs boson, etc...

DM DM

DM
DM

A wealth searches for DM at the LHC:

- Mono-jet

- Mono-V (leptonic and hadronic boosted)
- Mono-Higgs

- Mono-photon

- Mono-top

- VBF invisible

- (invisible Higgs searches in general)

DM Forum benchmarks (LHC Exp. and Theory):
http://arxiv.org/pdf/1507.00966.pdf




Selection requirements

- Trigger in this analysis MET>70 GeV (unprescaled) One of the main difficulties is the
- Reconstruction level MET above 250 GeV

- At least one jet of 250 GeV (up to four jets)
- MET should be isolated from the jets

Signal region
Excellent data-
prediction agreement
Main background
Z(vv)+jets and W(lv)
+jets

Control region
WH+jets control region
complements a lower
statistics Z(Il) control
region

Analysis will rely on the W/Z
ratio at high jet mometum

Events / 50 GeV

Data / SM

Events / 50 GeV

Data / SM

The Mono-Jet Search

Phs. Rev. D94 032005

Backgrounds

control of the Z(vv) and W(lv — where
the leptons is outside the acceptance)
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Interplay DM and Mediator Searches

Using the di-jet search down to the low mass range
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Searches for (RPC) Supersymmetry
... and Additional Higgs bosons

SUSY in a tiny nutshell: too beautiful to o L
be wrong! Solves (almost) everything W Unhads
o T
- Naturalness j
- Unification of couplings ,
- Dark matter candidate ::::::::::::% ----- i
- Gravity (gauging SUSY) - mSUGRA i '
natural SUSY decoupled SUSY

Strategy: Use simplified models to cover the widest
possible variety of topologies. (Then more rigorously  The paradigm scenario (still fully open at the
investigate the MSSM parameter space in the LHC) of O(natural) SUSY

pPMSSM, using the available searches.

Main searches:

- Gluino and squarks searches in (OL, 1L, 2L, 3L, b-jets, top, etc...)

- 3d generation searches in many channels for stop and sbottom (OL, 1L, 2L, taus, etc...)

- Searches for charginos and neutralinos “EW SUSY searches”, in (2L, 3L, 2taus, WZ, WH,
etc...)

- Compressed scenarios: search for low pT stuff (soft leptons — trigger strategy is important,
low pT b’s, etc...)



Strong SUSY Searches (Squarks and gluinos)

Very large number of possible topologies in
the gluino (or squark) production:

Main channels covering all possibilities:

- OL with N-jets (from 2 up to 10)
- 1L with N-jets (from 2 to 6)

- 2L, 3L and 4L with jets

- Multiple b-jets or top
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Stop also a scalar requires light gluinos to be
light enough: for gluinos > 1.8 TeV ~tuning of
Factor of 30

Searches focus on corridors, compressed
scenarios, or very specific corners of parameter
space (pMSSM)



The 2L (OS-SF) strong production saga
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Stop Searches
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Completing the Picture in Compressed Scenarios

Stop Searches
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Stop Searches
Completing the Picture in the pMSSM
pMSSM Survey

Survey of the 19 MSSM parameters using existing constraints

- 300 k models investigated

- 30 G evts generated

- Signal contamination in background normalization taken into account
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Experimental constraints effectively cover the excluded region well in the pMSSM
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Example SUSY 1L Stop Searches

Search done in many categories with different kinematic requirements:
- 1electron or muon

- 4djetsor more and 1 or 2 b-tags

- Intermediate to large MET and transverse mass

- Several additional kinematic criteria

Categories are correlated!

CMS Preliminary 12.9 fb™' (13 TeV)
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Electroweak Production

Search for Neutralinos, Charginos and sleptons:
EW production with smaller cross section required a minimum amount of luminosity.

Topologies with 1 or 4 leptons (including taus) s 80T AARRRRE
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Searches for Additional Higgs bosons

MSSM needs fine tuning in order to accommodate the Higgs mass

12.9 " (13 TeV)
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not yet very sensitive)
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Unconventional Signatures

Typical scenarios Topologies
- Specific SUSY models - Highly ionizing particles (using dE/dx)
- Hidden valley models - Out-of-time jets (R-hadrons)

- Highly displaced vertices

- Kinks in tracks

Stopped Gluino Search - Disappearing tracks

‘ ‘ - High lepton multiplicities
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E 229! @ 5 =8TeV
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Unconventional Signatures

Overview of searches Run 2 in perspective: starting to cover ground for searches for LLP

g R-hadron — g/qq %? My = 100 GeV Status: July 2016
% 2400 - ATLAS Preliminary -e - Expected
0] - 95% CL limits. o325 not included
o 2900 - Displacedwvertices Phys. Rev. D92, 072004 . ‘F._ CT)?/SGrved
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Exotics Overview

Summary of searches Run 2 in perspective: very large ground covered still more to come!

ATLAS Exotics Searches* - 95% CL Exclusion ATLAS Preliminary

Status: August 2016 fl: dt = (3.2-20.3) fb? Vs=8,13TeV
miss _ s s
Model ty Jetst ET [rdim] Limit Reference
TU ADD Gkk +g/q - >1j Yes 32 | Mp 6.58 TeV n=2 1604.07773
i ADD non-resonant (£ 2ep - - 20.3 n=3HLZ 1407.2410
" ADD QBH — (q Tepn 1j - 20.3 n=6 1311.2006
o— ADD QBH - 2j - 15.7 | M 87TeV  n=6 ATLAS-CONF-2016-069
< ADD BH high ¥, pr >lepu >2j - 32 | M 8.2 TeV n=6, Mp =3 TeV, rot BH 1606.02265
+ ADD BH multijet - >3] - 36 | M 9.55TeV n=6, Mp =3TeV,rot BH 1512.02586
c RS1 Gy — L 2e,u - - 203 |IGRRmESSeaTev k/Mp = 0.1 1405.4123
- RS1 Gkk — yy 2y - - 3.2 Gy mass 3.2TeV k/Mp; = 0.1 1606.03833
e} Bulk RS Gkx —» WW — qqlv Teu 1J Yes 13.2 Gkk mass 1.24 TeV k/Mp = 1.0 ATLAS-CONF-2016-062
(] Bulk RS Gxx — HH — bbbb - 4b - 133 | Gkk mass 360-860 GeV k/Mp; = 1.0 ATLAS-CONF-2016-049
= Bulk RS g — tt Tep 21b>102 Yes 203 |ERKMESSEI eV BR - 0925 1505.07018
g 2UED/RPP leu 22b,24] Yes 3.2 KK mass 1.46 TeV Tier (1,1), BR(AG) — tt) =1 ATLAS-CONF-2016-013
(@) SSM Z’ — (¢ 2e,u - - 183 |[Z/mass 4.05 TeV ATLAS-CONF-2016-045
(&) SSM Z' -t 27 - - 195 |z eV 1502.07177
) Leptophobic Z’ — bb - 2b - 3.2 Z’ mass 1.5 TeV 1603.08791
(@) SSM W’ — (v 1eu - Yes 133 | W mass 4.74 TeV ATLAS-CONF-2016-061
cC HVT W/ —» WZ — qqvv model A O e, u 1J Yes 13.2 W’ mass 2.4 TeV gv=1 ATLAS-CONF-2016-082
7, HVT W’ - WZ — qqqq model B - 2J - 15.5 W’ mass 3.0 TeV gy =3 ATLAS-CONF-2016-055
Q HVT V' - WH/ZH model B multi-channel 3.2 V’ mass 2.31 TeV gv=3 1607.05621
c LRSM W[, — tb Teu 2b,0-1j Yes 20.3 1410.4103
[@) LRSM Wy — tb Oe,pu 21b1J - 20.3 1408.0886
—
© Cl gqqq - 2j - 15.7 A 19.9TeV 7 =-1 ATLAS-CONF-2016-069
[J) Cltlqq 2eu - - 3.2 A 25.2TeV nu=-1 1607.03669
wn Cl uutt 2(SS)z8ep21b,21] Yes 203 |INEeiTev] |Crel = 1 1504.04605
q6 Axial-vector mediator (Dirac DM) O e, u >1j Yes 32 |ma 1.0 TeV 84=0.25, g,=1.0, m(x) < 250 GeV 1604.07773
Axial-vector mediator (Dirac DM) 0 e, u, 1y 1j Yes 32 |ma 710 GeV 84=0.25, g,=1.0, m(x) < 150 GeV 1604.01306
E ZZyy EFT (Dirac DM) Oe,u 1J,<1]  Yes 3.2 M, 550 GeV m(y) < 150 GeV ATLAS-CONF-2015-080
0 Scalar LQ 1°t gen 2e >2j - 3.2 LQ mass 1.1 TeV p=1 1605.06035
E Scalar LQ 2" gen 2u >2j - 3.2 LQ mass 1.05 TeV p=1 1605.06035
S Sealar LQ 3" gen fep 21523 Yes 203 | GE p=o 150804735
[ VLQTT - Ht+ X e 22b,23] Yes 20.3 T in (T,B) doublet 1505.04306
VLQ YY - Wh+ X leu >1b,>3) Yes 203 Yin (B,Y) doublet 1505.04306
gJD VLQ BB — Hb+ X Tepu >2b,>3] Yes 20.3 isospin singlet 1505.04306
o VLQ BB — Zb+ X 2/23e,p  22/21b - 20.3 Bin (B,Y) doublet 1409.5500
o VLQ QR — WqWgq leu >4 Yes 203 1509.04261
- VLQ Ts/3 T3 > WtWt 2(SS)/>3 eu 21b, 21 Yes 3.2 | Ts3 mass 990 GeV ATLAS-CONF-2016-032
g Excited quark ¢* — qy 1y 1j - 3.2 q* mass 4.4 TeV only u* and d*, A = m(q") 1512.05910
] Excited quark ¢* — qg - 2j - 15.7 q* mass 5.6 TeV only u* and d*, A = m(q*) ATLAS-CONF-2016-069
w0 Excited quark b* — bg - 1b,1j - 8.8 b* mass ATLAS-CONF-2016-060
Q Excited quark b* — Wt tor2e,u 1b,20j Yes 20.3 fp=fi=fr= 1510.02664
= Excited lepton * 3epu - - 20.3 A=3.0TeV 1411.2921
E Excited lepton v* 3eut - - 20.3 A=16TeV 1411.2921
"’z LSTC a7 —» Wy Teuly - Yes 203 1407.8150
S LRSM Majorana v 2epu 2j - 20.3 m(Wg) = 2.4 TeV, no mixing 1506.06020
—_— Higgs triplet H** — ee 2e(SS) - - 13.9 570 GeV DY production, BR(H;* — ee)=1 ATLAS-CONF-2016-051
— Higgs triplet HE: — ¢r 3eut _ _ 20.3 DY production, BR(H;* — ¢7)=1 1411.2921
(@) Monotop (non-res prod) 1epu 1b Yes 20.3 Anon—res = 0.2 1410.5404
N Multi-charged particles - - - 20.3 DY production, |g| = 5e 1504.04188
z Magnetic monopoles - - - 7.0 DY production, |g| = 1gp, spin 1/2 1509.08059
1 1 M R R R | 1 1 PR

107! 1
*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).

10 Mass scale [TeV]



Also illustrates the large number of searches not covered in this talk

SUSY Overview

Summary of SUSY Run 2 in perspective: very large ground covered still more to come!
Main analyses and in compressed scenarios.

ATLAS SUSY Searches* - 95% CL Lower Limits

Status: August 2016

ATLAS Preliminary
Vi=7,8,13TeV

Model €U TY Jets f-.,"“ fLaqm™) Mass limit Vi=7,8Tev [{E=13TeV Reference
MSUGRACMSSM 03 e ul1-2r 2-10jets3 6 Yes 203 185TeV  mi=ml) 1507 06825
I ,-,-.,.,GZ 0 26jts  Yes 133 mi£3)<200 GV, rr(1* gen.g)=m|2™ gex. §) ATLAS.CONF-2016.078
33, 4%, [compressed) monadet  1-3jets Yes 32 mif)erii})<5GaV 160407773
33, F—agky 0 26Gjets  Yes 133 miE5)-0 CaV ATLAS-CONF-2018.078
i, i—.,-,,(:—.,,.,w*f',’ 1] 2Gjets  Yes 133 miE7 12400 GaV, rrdd * |20 Sim R |+ mid)) ATLAS.CONF.2016.073
33, forg ey e 4t - 132 miE7]1<400 GaV ATLAS.CONF.2016.037
g ForagWzi} 20p(SS) 03t Yes 132 mji7) <500 CaV ATLAS.CONF-2018.037
n GMSB (£ NLSP) 1274017 02pts Yeg 32 1607 05079
GGM (bino NLSP) 2y - Yes 32 =|NLSF)<0 t mm 1606 00150
i GGM (higgsina-tina NLSP) Y 15 Yes 203 m}i71<950 GaV, criNLEF) <01 mm, ju<0 1507 06490
GGM (higgsina-tino NLSP) ¥ 2jpts Yes 133 515680 GaV, cr(NLEF) <01 mm, us0 ATLAS.CONF.2016.085
GGM (higgsino NLSP| 2ep(Z) 2B Yes 203 m|NLSP)>430 GaV 1508 08290
Granitino LSP 0 monojet  Yes 203 miI>1 3% 107" @V, rmig|~m(§] =15 TaV 150001518
?&E 33, GbbE] 0 3k Yes 148 m}i])-0 CaV ATLAS.CONF.2016.052
23, gt Olaep 3k Yes 148 miil)-0 CaV ATLAS-CONF.2016.052
B o i kit 0leps 3k Yes 200 mié51<300GeV 14070600
Faky, By—bt] 0 2k Yes 3z mfif)1<100GaV 1606 06772
Byky By 2. (SS) 15 Yes 132 mET)1<150 GaV, rmii'} |= mii ) 100GV ATLAS.CONF-2016.037
i, i —hT 02up 1-26 Yes 4.7113.3 miEy) = Brdi ) mis] =55 GaV 12092102, ATLAS-CONF-2016.077
05 L= WeE) or (f] 02ep 02124 Yes 4.7133 miSl=1GeV 15050251 6, ATLAS-CONF-2016-077
51 (S A 0 moojet  Yes 32 miiy)-miE5) -5 GaV 160407773
iy (natural GMSE) 2e,u(Z) 1k Yes 203 miE51>150GaV 1403 5222
™ g fafy, fa—h + Z e pul?) 15 Yes 133 & ~ 290-700 GeV mi5]<300GaV ATLAS.CONF-2016.033
fafy, =itk lepg Gjetse2b Yes 203 |G 320-620 GeV mii7)-0 CaV 1506 08616
bnfin, I-05 e 0 Yes 203 |§ 80-335 GeV mi 1=0GeV 14035204
T Tt (ay] 2e.p o Yes 133 miAT1=0GaV, mil. )=0.5(m}¥} bem@d 1)) ATLAS.CONF.2016.005
TR I tuy] 27 - Yes 148 miET1=0GaV, rri#. {=0.5(m¥} Jem@d 1)) ATLAS.CONF.2016.003
RS =2 (o), E0ELEPV) Jep o Yes 133 mif ] Jerrd ) miE1=0, miC, =0 Simid{ Jaendd 1) ATLAS.CONF-2016.005
E 3 i;f‘?-.wf"zii 23wep  02jts Yes 203 | iG.ie 425 GeV miE}iEmi), mii =0, € deccupled 14005204, 1402 7029
¥ ;ﬁawf‘!{kf., Rk WWrrfyy T 02k Yes 203 |iLil 270GeV mE} EmiaZ), mii =0,  deccupled 150107110
365, 2y —Zgt dept o Yes 203 i‘,_, 025 GaV mE2l=mid D), miaT1=0, miZ, $=0 S miE DHemiTH 14055085
GGM (wino NLSP) weak prod. Tepsy - Yes 203 W 115-270 GeV retrmm 1507 06493
GGM (bino NLSP) weak prod. 2y Yes 203 | 590 GeV zetrrm 1507 06498
Direct £, §; prod., bong-fved §;  Disspp.trk 1)t Yes 203 |i} 270GeV i} berdi )~ 160 Ma¥, 04} 1-0 2 ns 13102675
Direct £1%7 prod., bong-fved £/ dE/dc trk - Yes 184 if 495 GaV i} berdi )~ 160 Ma¥, 04} <15 na 1506 05332
E Stable, stopped 7 A-hadron 0 ISjets  Yes 275 | & 830 GeV mET1=100 GV, 10 uzer(g) <1000 = 13106584
Stable 7 R-hadron rk - - 32 1606 06129
8 Mamie: e doacn e . i
g GMSB, stable 1, F]—20z awrte 0 12 - AERI B 537 GeV 10<tangd<50 1411 6705
GMSB, =6, long-lived £5 2y Yes 203 |i} 440 GeV 122471 <3 iz, SPS8 macal 14005542
32, Ul —wev v pgey displ. o/ eps /g - 203 | 1.0TeV 7 ()< T4 mem e 3TV 1504 05162
GGM g3, Fi—2G displ. vix + jets - a3 |§ 1.0TeV 8 <cx(A71< 480 mem )=t 1 TaV 150406162
LFY pp—Pe + X, Pe—aufatfpr T T - 32 A=, dazianae=0 07 1807 08079
Biinear RPV CMSSM 2.4(8S) 03k Yes 203 miEmlE), crispet rmm 1404 2500
i;f;.f;—.“’i‘z__fo—am'_ gy et - Yes 133 M1 400N, Arze w0 [k = 1,2) ATLAS-CONF-2016.075
K WL B sy, 3epeT - Yes 203 miE 7150 2xmiE ) Auaenl 1405 5085
E 28 e 0 45lageRjets - 144 ERI/)=BR|6)=BR|d=0% ATLAS.CONF-2016.057
B ey 0~ gae 0 45lageRijets - 1448 miA5)=300 GeV ATLAS-CONF-2016.057
33, §IEy, E'I’ - 999 ey S10psi044 - 1448 mAT)=700 GaV ATLAS.CONF.2016.004
23, §—iin, ks Ve S10jptsiods - 144 825 CaV<mij; | <B50 GV ATLAS.CONF.2018.004
Ay i —bs 0 2jets + 26 - 154 ATLAS.CONF-201 6022, ATLAS-CONF- 2016084
fi, i —bt 2ep 2k - 203 BRI, —sbe/n]>20% ATLAS.CONF.2015.015
Other Scalar cham, 7—cf5 0 2c Yes 203 |& 510 GeV mi5]1<200GaV 1501 01325
*Only a sefection of the available mass limits on new -1
states or phenomena is shown. 10 Mass scale [TeV]



Mini Searches Summary

No significant excess has been observed so far

Non significant excesses to keep an eye on:

-  CONF-050 Stops 1L: In (4], 1b, high MET) 3.30 (No excess in CMS)

- CONF-083: V(W)H (Full hadronic boosted): 3.50 (2.50 global) at 3 TeV

- CONF-084: Paired dijet local 2.60 (2.1 o global) at 870 GeV

- CONF-079: Four leptons high mass 2.90 (1.9 o global) at 705 GeV

- CONF-058: ttH ML in SS-0t and SS-1t not significant but excesses at Run-1 in
ATLAS and CMS

- EXO-16-015 PAS y-jet high mass 3.70 (2.8 o global) at ~2 TeV (not seen in ATLAS
with similar luminosity JHEPO3 (2016) 041)

- LFV Higgs decays to tv



Summary and Conclusions ()

The LHC has been extremely successful at Run 1 (both in machine performance and in
results of fundamental importance).

Measurements performed so far are in agreement with the SM and therefore do not
yield indications for new physics beyond the SM.

With the higher centre-of-mass energy, the outstanding results expected from the Run 2
are the direct searches for new physics. The strategy is to look exhaustively at all
possible scenarios and topologies.

The LHC is now half way through the Run-2, with approximately 1/4 of the data expected
for the entire Run 2 (reappraised goal of 150 fb1).

Approximately 1/3 of the available luminosity at high energy, has been analyzed so far. A
good fraction but by far not all searches foreseen have already been performed. No
significant sign of new physics was found.

This dataset is just a small fraction of the Run 2 dataset (~¥10%) and very small fraction of
the total HL-LHC dataset (~1%). This is just the beginning and there are any more exciting
challenges ahead!



Summary and Conclusions (ll)

Meanwhile and in preparation for the more difficult search cases, important SM, Higgs,
and top measurements are being prepared at Run 2.

Milestone measurements with the 7 TeV Run 1 data taken in 2011 are just being

presented
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These successes are those of the entire community with the tremendous progress from
the Theory. The challenges of LHC physics also rely on the entire community!
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