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THE STANDARD MODEL (SM)

top down

AL

o H.

e Great! But still many unknowns:

e SM particles —only~5% of universe

e Baryon asymmetry

e Neutrino issues

Vi,
e CP Violation @ @
€1V,

e Hierarchy problem
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SEYOND THE STANDARD MODEL (BSM)

down

‘ strange

e We need new physics to understand

e SM particles —only~5% of universe
* Baryon asymmetry

e Neutrino issues

Ve
Vi

e CP Violation

e Hierarchy problem
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WHERE IS NEW PHYSICS?



...ARE WE LOOKING EVERYWHERE?

e



ROADMAP / WHERE TO GO?

e |ndirect Searches: Test / validate SM
* Precision measurements
* Rare processes

e Direct searches for BSM
e Search for new physics models

e Signature driven searches
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e Direct searches for BSM

e Search for new physics models

e Signature driven searches
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THE ROAD SO FAR:
TESTING THE SM







LEPTON FLAVOR UNIVERSALITY(LFU)

e SM predicts the same electroweak couplings to all three lepton
tlavours (LFU)

| | | | tri '
* Measuring the ratio of the production rates of different flavours Pution anomg|

* |fthere is an anomaly =Sign for

BaBar, PRL109,101802(2012)

Belle, PRD92.,072014(2015) Ay’ = 1.0 contours
” - ; LHCb, PRL115,111803(2015 . .
First measurement of R(D*) with 3 prong T decay o) oy Average of SM predictions

Belle, PRL118,211801(2017) R(D) =0.299 = 0.003
LHCb, PRL120,171802(2018) R(D*) =0.258 = 0.005

R(D*") =B(B° - D*1%v;)/B(B° - D* u*v,)

LHCB, PRL 120 (2018) 171802

Inclusion of this result to the world average:

P(y2) = 74%

~40 LFU VIOLATION
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.120.171802

TEST OF LEPTON UNIVERSALITY HEEOSLEELAOSS

MOST PRECISE MEASUREMENT OF Rk»o AT LHCB

COMPARISON TO THE COMPARISON TO THE
SM THEORETICAL PREDICTIONS RESULTS FROM B FACTORIES
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https://link.springer.com/article/10.1007/JHEP08(2017)055

THE ROAD SO FAR:
SEARCHES FOR BSM




NEWEST RESULTS FROM ATLAS AND CMS
EXPLORED ALMOST 80 FB-TDATA
~3000 TRILLION P-P COLLISIONS



STATUS OF THE BSM SEARCHES

 Exploring the
thanks to LHC, hundreds of papers

oublished so far.

ATLAS Exotics Searches™ - 95% CL Upper Exclusion Limits

9]
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Model

ADD Gkk + g/q
ADD non-resonant yy
ADD QBH

ADD BH high Y pr
ADD BH multijet

RS1 Gk — yy

Bulk RS Gux — WW/ZZ

Bulk RS gkx — tt
2UED / RPP

SSM Z' — ¢t
SSM Z" - 17
Leptophobic Z” — bb

t,y Jetst EI' [rdt[fo] Limit

Oe,u 1-4j

2y -
_ 2j

>leu > 2]

- >3]
2y -

multi-channel

1e,u >1b,>1J/2] Yes
1eu 2>22b,>3j Yes

2e,u - -
2T -
—_ 2b —

7.7 TeV
8.6 TeV
8.9 TeV
8.2 TeV
9.55 TeV
4.1 TeV

Gkk mass 2.3 TeV

gkk Mass 3.8 TeV

KK mass 1.8 TeV

Z’ mass 4.5 TeV
Z’ mass 2.42 TeV
Z’ mass 2.1 TeV

ATLAS Preliminary

[£dt=(32-79.8)fb?

n=2

n=3HLZNLO

n==~6

n=26, Mp =3TeV, rot BH
n=26, Mp =3TeV, rotBH
k/Mp, =0.1

k/Mp; =1.0

r/m=15%

Tier (1,1), B(AMY) - tt) =1

1711.03301
1707.04147
1703.09127
1606.02265
1512.02586
1707.04147

CERN-EP-2018-179

1804.10823
1803.09678

1707.02424
1709.07242
1805.09299

\Vs=8,13 TeV
Reference

* |Impossible to cover all these

1804.10823
ATLAS-CONF-2018-017
1801.06992

Leptophobic Z" — tt leu >1b,>1J/2] Yes Z’ mass 3.0 TeV

SSM W’ — ¢y 1eu - Yes W’ mass 5.6 TeV
SSM W’ — 1v 17 Yes FEW' mass 3.7 TeV

HVT V' > WV — qqqq model B 0 e, u 1 g 4.15 TeV ATLAS-CONF-2018-016
HVT V' - WH/ZH model B multi-channel 2.93 TeV 1712.06518
LRSM W[, — tb multi-channel ' 3.25 TeV CERN-EP-2018-142

Gauge bosons

searches, in this talk only

highlights and latest results with
the largest datasets ~80tb-"!

e Focus on different search

strategies for exploration of the
ohase space:

e Simplitied models, summaries,
scans, combinations...

Merve Sahinsoy/New Trends in High Energy Physics 2018 15



HEAVY NEUTRINOS

VECTOR LIKE QUARKS
AXIGLUONS SUPERSYMMETRY

UNCONVENTIONAL  oNG LIVED PARTICLES

TECHNICOLORS

COMPOSITENESS
GRAVITONS DARK QCD

NEW GAUGE BOSONS DISPLACED VERTICES
COLORONS LEPTOQUARKS

LIGHT Z' BOSON DARK PHOTONS

DISAPPERAING TRACKS

SARK MATTER CONTACT INTERACTIONS
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‘ s LEPTOQUARKS




EPTOOUARKS(LQ)

e \What?
e Hypothetical color-triplet bosons

e Both lepton and baryon number with
fractional electric charge, decay to

e \Why?

e Grand Unification Theories, SUSY,
technicolor ,composite models, E¢

e Provides explanations to LFUV and
anomalous magnetic moment of the
muon

Merve Sahinsoy/New Trends in High Energy Physics 2018

EXCITING
TO EXPLAIN THE RECENT ANOMALIES!

May 2018 LQ = 1st gen. Full 2016 dataset

LQ (ej) +LQ(vj), £ =0.5 | 0.92
Single LQ (e j),1=1 1.73 (8TeV)
LQ (V) x 2 .
LQ () x 2 1.53
LQ (uj) +LQ(vj), =05
Single LQ (uj),A=1
LQ(vt)x2
LQ (T t) x 2
LQ (v b) x 2
LQ (Tt b)x 2
Single LQ (T b),A=1

Scalar LQ

(LQ model used: 1801.07641)

Vector LQ

LeptoQuark mass (TeV)
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SINGLE PRODUCTION CMS-EX0-17-029

LIMIT SCAN THROUGH A

e More sensitive than pair production in higher masses 5 5CMS Preliminary 35.9 fb™' (13TeV)
(< .

- (Observed

e A (Yukawa coupling) plays important role i

2.0

| Preferred by

e Final state: Ttb depending on the subsequent decays of t: B-anomaly =10
15 Excluded by
* Hadronic final state:ThadThadb pp — LQ.LQ, RAAAAA

AN NN RN R RN RN
\\\\ \\ s\\s\\s\\s\\s\\\\\
AN NN NN NN NN NN RN RN
A \\\s\\\\\\ \\ s\\s\\s\\s\\s\\\
O OOy
O OO OOy
L, DN\

e [eptonic final state: €hadThadb | AR

ARRRRRRRRNY

Scalar LQ
p=1

O'QOO 400 o600 800 1000 1200 1400
Leptoquark mass (GeV)

3RD GENERATION SCALAR LQ
EXCLUDED FOR MASSES BELOW 744 GEV
FOR A =1

Merve Sahinsoy/New Trends in High Energy Physics 2018 20


https://cds.cern.ch/record/2308274/files/EXO-17-029-pas.pdf

PA' R PRODUCT'ON USING 77.4 FB-1 DATA CMS-EXO-17-015

e Search for both Dark Matter and LQ using a new CMS Preliminary  77.4 fo (13 TeV)

approach: M.Baker et al, JHEP12(2015)120) AN r'\s'it'y' ] L\IP{/I(\% ('5)' BERRAESREEE

|

|

|

— Observed
-==EXxpected 2 ¢

BEE

e DM particle is either annihilated or produced in

1

conjunction with a partner X. experiment
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e Searching for a peak in the LQ candidate mass spectrum
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m o [GeV]

LQ MASS UP TO 1160 GEV EXCLUDED FOR Mpm =300GEV,
AND UP TO 1000GEV FOR Mpu=425GEV
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http://cds.cern.ch/record/2628478/files/EXO-17-015-pas.pdf

b DARK MATTER



DARK MATTER SEARCHES IN COLLIDERS

YOU HAVE
NOTHING TO
SEE

Merve Sahinsoy/New Trends in High Energy Physics 2018
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DARK MATTER SEARCHES IN COLLIDERS

...but if DM
YOU HAVE candidate recoll
against other
NOTHING TO particles...
SEE

—

Merve Sahinsoy/New Trends in High Energy Physics 2018
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DARK MATTER SEARCHES IN COLLIDERS

...but if DM
YOU HAVE candidate recoll
against other
NOTHING TO particles...
SEE

—

ATLAS

EXPERIMENT

MONO -
SEARCHES

Run: 302393
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MONO-V SEARCHES SUBMITTED TO JHEP:

ARXIV1807.11471

e Hadronic decays ot W(gq) and Z(gg)
e High pt = collimated decay products = cone

 Boson tagging using boosted topologies and jet substructure techniques

ATLAS _____ Expected 95% CL BACKGROUND

(1o and +20)

s=13TeV, 36.1 fb™ —___ Observed 95% CL REJECTION WITH
BOSON TAGGING

—k
-
N

Limits on visible cross-section
(o]

After all selections,
inclusive in b-tag multiplicity
inclusive in m,/m,

1 [150,200) [200,250) [250,300) [300,400) [400,600) [600,1500)

Range in E7"* [GeV] GENERIC UPPER LIMITS
PROVIDING INPUTS TO THE THEORISTS

Merve Sahinsoy/New Trends in High Energy Physics 2018 27

CL, upper limit on 6, ,, o [fO]
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https://arxiv.org/abs/1807.11471

MONO-H SEARCHES v

e DM production in association with a Higgs boson esolved
b
. High branching fraction to bb pair
e New jet reconstruction method depending on the
: boosted
ot of the small jets

ATLAS Preliminary ] Z+iets
\s=13TeV, 79.8fb" [ ti + single top
SR : 0 lepton [ | W+jets

[ Diboson

1 SMVh

\\\ Background Uncertainty
Pre-fit Background

—— - mono-h Z’-2HDM

mz = 1400 GeV, m =600 GeV
Ogignal = 3-79 fb

ATLAS Preliminary
V/s=13TeV, 79.8fb "

on u (950/0 CL)

h(bb) + E?"SS: Z’+2HDM simplified model
tang=1,9-=0.8, m =100 GeV, my = 500 GeV

Expected upper limit

"-m g 2mm m=

1000 1500 2000 2500 3000

mz [GeV]
200 300 400 500 600 700 800

IMPROVEMENT WITH THE NEW TECHNIQUE E™SS [GeV]
Merve Sahinsoy/New Trends in High Energy Physics 2016 !


https://cds.cern.ch/record/2632344/files/ATLAS-CONF-2018-039.pdf

MONO-H SEARCHES

e DM production in association with a Higgs boson

higher precision in reconstructed
invariant mass reconstruction than H(bb)

smaller SM background than H(bb)

FIRST SEARCH IN ASSOCIATION WITH H = 7+7-
FIRST COMBINATION OF THE yv AND THE 7+7—

COMBINATION WITH THE DIRECT DETECTION
RESULTS FROM OTHER EXPERIMENTS |

Merve Sahinsoy/New Trends in High Energy Physics 2018

CMS-EXO-16-055 puerymymmy

- CMS
E Baryonic Z', Dirac DM, gOI = 0.25, Oy = 1, m,,, = 1 GeV

COMBINED LIMITS
FOR H(tt) AND H(YY)

- Solid (dashed) lines: observed (expected) 95% CL . .o
Shaded band: + 1 s.d. on expected N

I ] ! I I I l I I ! L ] ! ! L ! |
500 1000 1500 2000
m,. [GeV]

35.9fb" (13 TeV) CMS observed exclusion 90% CL
T T T TTTT] Vector mediator, Dirac DM
g, =0.25,g_ =10

DM + h(yy)

[cm?]
S 9

e DM + h(77)

DM-nucleon

GSI

= DM + h(yy + T7)

DD observed exclusion 90% CL

CRESST-II
[arXiv:1509.01515]

CDMSlite
[arXiv:1509.02448]

PandaX-ll
[arXiv:1607.07400]

LUX
— [arXiv:1608.07648]

XENON1T
[arXiv:1705.06655]

—_
|

N

N

S 3 9
- _|T|T|“1 Illlm1mllllﬂ|1 Illl|||1wllllm1 T
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http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-16-055/index.html

DARK MATTER SEARCHES IN COLLIDERS

YOU HAVE
NOTHING TO
SEE

Merve Sahinsoy/New Trends in High Energy Physics 2018
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DARK MATTER SEARCHES IN COLLIDERS

...but when DM
YOU HAVE mediator couples

NOTHING TO to SM particles. ..

SEE
—l

Merve Sahinsoy/New Trends in High Energy Physics 2018
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DARK MATTER SEARCHES IN COLLIDERS

...but when DM
YOU HAVE mediator couples
NOTHING TO to SM particles. ..

SEE

), ‘\\./,‘!
DIJET RESONANCE . NN
SEARCHES e X0
A LN q, i
¢ .~ -_"} /,75/7' y W
¢ .'._‘ A , 'y
n 2 «)
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DIJET RESONANCE SEARCHES LN

model

. | I I | I | | | | I | lIIIIIIIIIIIIIIIIIIIHIII

— ATLAS Preliminary March 2017
— Vs =13 TeV, 3.6-37.0 fb™

95% CL upper limits
—— Observed
- - Expected

e

9 Dijet, 37.0 fb™

Phys. Rev. D 96,
052004 (2017)

Events / Bin

dijet background

()e]
O

7> med 59

[ 1111t ||||||||| ||||||||| |l||||||| |||||||||
[TTT T[T T T T[T T T[T I T T[T TTT[TTT]

q arXiv:1507.00966 q

:I_llllll|llll|lll||IIII|IIII|IIII|III

el LIL
o_
-

! ! oo b b
| | | 200 300 1000 2000
2000 3000 4000
m. [GeV] m,, [GeV]

==HIGH MASS DIJET SEARCHES

Merve Sahinsoy/New Trends in High Energy Physics 2018



DIJET RESONANCE SEARCHES LN

model

. | I I | I | | | | I | lIIIIIIIIIIIIIIIIIIIHIII

— ATLAS Preliminary March 2017
— Vs =13 TeV, 3.6-37.0 fb™

95% CL upper limits
—— Observed
- - Expected

this is what we

reco rd Dijet, 37.0 fb™
Phys. Rev. D 96,

052004 (2017)

Events / Bin

[ 1111t ||||||||| ||||||||| |l||||||| |||||||||
[TTT T[T T T T[T T T[T I T T[T TTT[TTT]

:I_llllll|llll|lll||IIII|IIII|IIII|III

el LIL
o_
-

200 300

2000 3000 4000
m. [GeV]

=HIGH MASS DIJET SEARCHES LOWER BOUND:LIMITED WITH THE HIGH LEVEL TRIGGER THRESHOLDS

Merve Sahinsoy/New Trends in High Energy Physics 2018



DIJET RESONANCE SEARCHES

. | I I | I | | | | I L IllIIIIIIIIIIIIIIIIHIIIIII

— ATLAS Preliminary March 2017
— Vs =13 TeV, 3.6-37.0 fb™

=

Phyvs.Rev.Lett.121.081801

—h
o
o0

95% CL upper limits
—— Observed
- - Expected

ATLAS

Vs=13 TeV, 29.3 fb’
ly*| < 0.6

_____ Dijet TLA, 3.6-29.7 fb™"
EXOT-2016-20
Dijet, 37.0 fb™
Phys. Rev. D 96,
052004 (2017)

Events / Bin
5;

—h
()
o

e Trigger-level jets
Offline jets, single-jet triggers
—— Offline jets, single-jet triggers, prescale-corrected

|IIII|IIII|IIII|IIII|IIII|III

|||||| |||l||l|| ||||||||| |||||||l| |||l||||| |l||ll|||
el b b b b b L

el LIL
o_
-

| | | | | llllllllllllllllllllllll
o . . . 1000 2000
600 1000 2000 3000 400_0
m. [GeV m,, [GeV]

= HIGH MASS DIJET SEARCHES LOWER BOUND: ITED WITH THE HIGH LEVEL TRIGGER THRESHOLDS
= TRIGGER LEVEL ANALYSIS(TLA) LOWER BOUND:LIMITED WITH LEVEL 1 THRESHOLDS

Merve Sahinsoy/New Trends in High Energy Physics 2018


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.121.081801

DIJET RESONANCE SEARCHES

. I I | | I | | | | | lIllllllllllllllllllllllllll

— ATLAS Preliminary March 2017
— Vs =13 TeV, 3.6-37.0 fb™

=

Dijet + ISR (y), 15.5 fb™
o ATLAS-CONF-2016-070
95% CL upper limits

— Observed J ____ Dijet +ISR (jet), 15.5 fb™
-- Expected ATLAS-CONF-2016-070

Dijet TLA, 3.6-29.7 fb”
EXOT-2016-20

Dijet, 37.0 fb™

Phys. Rev. D 96,
052004 (2017)

:I_llllll|IIII|IIII|IIII|IIII|IIII|III

el LIL
O_
-

| | | | | | lIIIllIIlIlllIllIIllIl
1000 2000
m,, [GeV]

=HIGH MASS DIJET SEARCHES LOWER BOUND:LIMITED/WITH THE HIGH LEVEL TRIGGER THRESHOLDS
= TRIGGER LEVEL ANALYSIS LOWER BOUNDAIMITED WITH LEVEL 1 THRESHOLDS

=DIJET+ISR ANALYSIS LOWER BOUND: LIMITED WITH THE SEPERATION OF DI-JETS

Merve Sahinsoy/New Trends in High Energy Physics 2018



DIJET RESONANCE SEARCHES

. I I | | I | | | | L IlllIIIIIIIIIIIIIIIIIIIIIIIL

~ ATLAS Preliminary March 2017 ___Large-Rjet +ISR, 36.1fb™ -
= 13 TeV. 3.6-37.0 fb_1 arXiv: 1801.08769
IS = , 9.0-0/.

Dijet + ISR (y), 15.5 fb™
o ATLAS-CONF-2016-070
95% CL upper limits

— Observed J ____ Dijet +ISR (jet), 15.5 fb™
-- Expected ATLAS-CONF-2016-070

_____ Dijet TLA, 3.6-29.7 fb™"
EXOT-2016-20
Dijet, 37.0 fb™
Phys. Rev. D 96,
052004 (2017)

:I_llllll|llll|llll|IIII|IIII|IIII|I

| | | | | | | | | | | lIIIllIIlIlllIllIIllIll
200 300 1000 2000
m,, [GeV]

10

=HIGH MASS DIJET SEARCHES LOWER BOUND:YIMITED WITH THE HIGH LEVEL TRIGGER THRESHOLDS
== TRIGGER LEVEL ANALYSIS(TLA) LOWEHR BOUND:LIMITED WITH LEVEL 1 THRESHOLDS
==DIJET+ISR ANALYSIS LOWER BOUNP: LIMITED WITH THE SEPERATION OF DI-JETS

w=BOOSTED DIJET+ISR ANALYSIS

Merve Sahinsoy/New Trends in High Energy Physics 2018



DIJET RESONANCE SEARCHES

ATLAS Preliminary July 2018 Vs =13 TeV, 3.6-37.0 fo

95% CL upper limits
—— Observed
- -- Expected

LATEST RESULTS | 2030

Phys. Rev. D 91, 052007 (2015)

INCLUDING DI-B JET RESONANCES | Large-R jet + ISR

— 36.1 b
AND 8 TEV RESULTS ' ' Dijet + ISR (1)

—155fb"

ATLAS-CONF-2016-070

Dijet + ISR (jet)
— 15.5fb~"

ATLAS-CONF-2016-070
Di-b-jet
24.3-36.1 b~

arXiv: 1805.09299
Dijet TLA
——3.6-29.7 fb'

arXiv: 1804.03496
_ _ ) . Dijet
Axial vector mediator oAt 370
Dil’aC Dal'k Matter . - A Phys. Rev. D 96, 052004 (2017)
myy, = 10 TeV .

100 200 300 1000 2000
m,, [GeV]

NOT ONLY SEARCHING FOR THE HIGH MASS REGIONS, BUT ALSO EXPLORING THE LOW MASS
REGIONS!

Merve Sahinsoy/New Trends in High Energy Physics 2018 38



DIJET RESONANCE SEARCHES

CMS Preliminary LHCP 2018

95% CL exclusions

[,/ M, <~100% I:TLAS Boostecj Dijet, 1.
— [arXiv:1801.087689]

CMS Dijet ¢, 13 TeV ATLAS Diyet, 13 TeV
[EXO-16-046] [arXiv:1703.09127]

| Z./ Mz,<~30°/° ATLAS Dijet TLA, 13 TeV
- [arXiv:1804.03496]

CMS Broad Dijet, 13 TeV ATLAS Dijet+ISR v, 13 TeV
[arXiv:1806.00843] [ATLAS-CONF-2016-070]

ATLAS Dijet+ISR j, 13 TeV

[,/ M, <~10% '
/W - [ATLAS-CONF-2016-070]

CMS Dijet, 13 TeV CDF Runt
[arXiv:1806.00843] [arXiv:hep-ex/9702004]

CMS Dijet, 8 TeV ~ CDF Run2
[arXiv:1604.08907] [arXiv:0812.4036]

. —
Z'—qq
CMS Dijet b tagged, 8 TeV UA2

[arXiv:1802.06149)] ' [Nucl. Phys. B 400, 3 (1993)]

A

A A A l A A A A A A A A l A A | A
50 100 200 300 1000 2000 CMS Boosted Dijet, 13 TeV Z width (all ' /M,)
MZ' [G ev] [arXiv:1710.00159] [arXiv:1404.3947]

A

LHC PROVIDING THE STRONGEST LIMITS, BUT THERE IS STILL ROOM FOR NEW
PHYSICS! AIM IS TO REACH THE LOWER COUPLING VALUES

Merve Sahinsoy/New Trends in High Energy Physics 2018




DARK MATTER SUMMARY

COMBINING THE RESULTS FROM MONO-X AND DIJET SEARCHES
1.6

pa—

I = Dijet
Dijet ¥& = 13 TeV, 37.0fb"
Phys. Rev. D 96, 052004 (2017)
Dijet TLA V=13 TeV, 29.3 b’
arXiv:1804.03496
Dijet + ISR V& =13 TeV, 15.51b’
ATLAS-CONF-2016-070

-ATLAS Preliminary July /2/018

1.4

1.2

DM Mass [TeV]

Emiss +X
E';I“i»'( Ve =13TeV, 36.1 b’
Eur. Phys. J. C 77 (2017) 393
ET +jet V& =13 TeV, 36.1 fb”
JHEP 1801 (2018) 126
ET “+Z(ll) V&= 13 TeV, 36.1 fb”’
PLB 776 (2017) 318

miss

E, +V(had) Vs =13TeV,36.11b
ATLAS-CONF-2018-005

llllllllll|Ill|lll|lll|lll

Axial-vector mediator, Dirac DM-
g =025g=0g =1 LEPTHOPHOBIC
q | DM

All limits at 95°/{ CL

15 2 25 3 35
Mediator Mass [TeV]
ABILITY TO EXPLORE LARGE PHASE SPACE WITH DIFFERENT SIGNATURES

Merve Sahinsoy/New Trends in High Energy Physics 2018
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SUPERSYMMETRY il

)



MMETRY

* New boson/fermion
supersymmetric partner to each
boson/fermion in the SM

for SUSY

* Hierarchy problem,
unification of forces

e (Candidate for the observed
Dark Matter...

e Very rich variety of of signatures

Merve Sahinsoy/New Trends in High Energy Physics 2018

ATLAS SUSY Searches” - 95% CL Lower Limits

Inclusive Searches

Model
~~ o~ ~0
44, —gX
~~ o~ _~0
88, §—q9X|
~~ o~ _ ~0
88, §—qq(thx,

~~ o~ ~0
88, 8—qqWZx,

U, T, Y Jets

0 2-6 jets
mono-jet 1-3 jets

0 2-6 jets

4 jets
2 jets

3e,u

0 7-11 jets
Be,u 4 jets

3b

3e,u 4 jets

EX™ [ranm™

Mass limit

Vs=7,8TeV

\/E=13TeV

Yes 36.1
Yes 36.1

Yes 36.1

LS TREST

o o

- 36.1
Yes 36.1

Yes 36.1
- 36.1

Yes 36.1
- 36.1

o O O o

o o

[2x, 8% Degen.]
[1x, 8x Degen.]

L]

1.55

2.0
0.95-1.6

1.85
1.2

1.8

2.0

m(t})<100 GeV
m(g)-m(t})=5 GeV

m
m(g)-m

ATLAS Preliminary

\Vs=7,8,13TeV
Reference

1712.02332
1711.03301

1712.02332
1712.02332

1706.03731
1805.11381

1708.02794
1706.03731

1711.01901
1706.03731

9]
<
T
3
(o8
9]
c
[0}
()
T
o

direct production

—>T~] +h

Multiple
Multiple
Multiple

Multiple
Multiple

0-2e,u 0-2jets/1-2b Yes 36.1

Multiple
Multiple

Multiple
0 2c

0 mono-jet

1-2 e, 4 b

36.1
36.1
36.1

S S S

36.1
36.1

36.1
36.1

36.1
36.1

36.1

36.1

0.9
0.58-0.82

m(¥})=300 GeV, BR(b¥})=1

m(¥7)=300 GeV, BR(bY})=BR(X})=0.5

0.7 m(¥})=200 GeV, m(¥;)=300 GeV, BR(£(} )=1

0.7
0.9

1.0

0.4-0.9 m(¥})=150 GeV, m(¥)-m(
0.6-0.8 m(X;)=300 GeV, m(

0.48-0.84 m(¥})=150 GeV, m(¥

0.85

0.32-0.88

m(¥])=60 GeV
m(t})=200 GeV
m(¥})=1GeV

):5 GeV, ;I ~ F[_
)=5GeV, 7, ~ 7,

m(°
¥7)-m(
)-mx

X
T)-m(¥
¥)-m¥))=5GeV, 7, ~ 7,

m(¥})=0 GeV
m(f, ,&)-m(¥})=50 GeV
m(7, ,&)-m(¥})=5 GeV

m(¥})=0 GeV, m(7,)-m(f})= 180 GeV

1708.09266, 1711.03301
1708.09266
1706.03731

1709.04183, 1711.11520, 1708.03247

1709.04183, 1711.11520, 1708.03247

1506.08616, 1709.04183, 1711.11520
1709.04183,1711.11520
1709.04183,1711.11520
1709.04183, 1711.11520

1805.01649
1805.01649
1711.03301

1706.03986

A71i/\7g via WZ

2 via Wh

F , ~0 ~+ - - ~0 L o
1 /X2, X1 =Tv(TV), X o> TT(VY)
= = = ~0

{LROLR, (—0X

H, H—hG|ZG

2-3e,u
ee, [
Cl/lyylCbb
271

2e,u
2e,

0
4e,pu

36.1
36.1

20.3
36.1

36.1
36.1

36.1
36.1

0.18
0.13-0.23

L, mwD)=0, m(
m(X7)-m(X;)=100 GeV, m(

0.29-0.88

m(¥))=0

m(¥;)-m(¥))=10 GeV

=0

m(/\/l ):0
,7)=0.5(m(¥7)+m(¥}))

=+

9)=0.5(m(EE)+m(¥0))

=0

m(/\/l ):0
m(?)-m(t})=5 GeV

F
T

BR(Y| — hG)=1
BR(Y] — ZG)=1

1403.5294, 1806.02293
1712.08119
1501.07110
1708.07875
1708.07875

1803.02762
1712.08119

1806.04030
1804.03602

Long-lived

particles

Direct ¥1X| prod., long-lived Y7

Stable g R-hadron

Metastable § R-hadron, g—>qq/\7(1)
GMSB, ¥]—yG, long-lived
88, /?(I)—mev/e,uv/,u,uv

Disapp. trk 1 jet

SMP -
Multiple
2y -
displ. ee/eu/uu

36.1

3.2

0.15

[t(g) =100 ns, 0.2 ns]

24

Pure Wino
Pure Higgsino

m(¥})=100 GeV
1<7(¥})<3 ns, SPS8 model

6 <cT(X))< 1000 mm, m(¥})=1 TeV

1712.02118
ATL-PHYS-PUB-2017-019
1606.05129
1710.04901, 1604.04520
1409.5542
1504.05162

LFV pp—v, + X, V. —eu/et/ut
~aoF o0

X1X1 /X2 = WW/ZLEllyy
~~ o~ ~0 ~0
88, 8—q9X1, X1 — qqq

33,3 — ths | §—1i0), X — ths
iz, f—)t/\7(1),/\~/(1) — ths

f]F], f]—)bS

1111, fj—=bl

ep,eT,ut -
4e,u 0

0 4-5large-Rjets -

Multiple

Multiple
Multiple

0 2jets+2b

2e,u 2b

Yes XEIXY sz # 0, Ay # 0]

S S lom om | omos

-

[M(¥))=200 GeV, 1100 GeV]
[ =2e-4, 2e-5]
112
[;,,=1, 1e-2]
[A7,,=2e-4, 1e-2]

lgq. bs]

2,,,=0.11, A132/133/233=0.07
m(¥})=100 GeV

”
Large 17/,

m(¥!)=200 GeV, bino-like

m(¥})=200 GeV, bino-like
m(¥!)=200 GeV, bino-like

BR(7, —be/bu)>20%

—h
<

Mass scale [TeV]

1607.08079
1804.03602
1804.03568

ATLAS-CONF-2018-003

ATLAS-CONF-2018-003

ATLAS-CONF-2018-003
1710.07171
1710.05544
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ATLAS SUSY Searches* - 95% CL Lower Limits ATLAS Preliminary
July 2018 : \Vs=7,8,13TeV
Model & T,y Jets EX™ [Lafb] Mass limit Vs=7,8TeV  Vs=13TeV Reference

L} L] L)

Inclusive Searches

4, §—q¥) 0 2-6jets  Yes  36.1 [2x, 8x Degen.] ! 1.55 m(¥})<100 GeV 1712.02332
mono-jet  1-3jets  Yes  36.1 [1x, 8x Degen.] : ; m(G)-m(¥})=5 GeV 1711.03301

g3, §—qa¥) 0 2-6jets  Yes  36.1 . m(t})<200 GeV 1712.02332
Forbidden m(¥})=900 GeV 1712.02332

0

|

88, §—qa(tOX! 3e.pu 4 jets : 36.1 . m(¥})<800 GeV 1706.03731
ee, 2jets  Yes  36.1 : m(g)-m(¥|)=50 GeV 1805.11381

88, §—qq" : m()?j’(} <400 GeV 1708.02794

° _ : (2)-m(¥°)=200 GeV 1706.03731
oo Still plenty of low mass |

m(z)-m(¥})=300 GeV 1706.03731

Inclusive Searches

0.9 m(t%)=300 GeV, BR(b{")=1 1708.09266, 1711.03301

“% unexplored model space

0.7 m(¥})=200 GeV, m(¥;)=300 GeV, BR(tY; )=1 1706.03731

byby, 171, My = 2 X M, Multiple 36.1 0.7 m(?))=60 GeV 1709.04183, 1711.11520, 1708.03247
Multiple 36.1 Forbidden 0.9 m(t})=200 GeV 1709.04183, 1711.11520, 1708.03247

4 gen. squarks
direct production

,,
D)

WbYY or ¥} 0-2e,u 0-2jets/1-2b Yes  36.1 1.0 m(t})=1GeV 1506.08616, 1709.04183, 1711.11520
Multiple 36.1 0.4-0.9 m(¥})=150 GeV, m(¥7)-m(¥})=5GeV, 7, ~ 7, 1709.04183, 1711.11520
Multiple 36.1 Forbidden 0.6-0.8 m(¥})=300 GeV, m(X7)-m(Y})=5GeV, 7, ~ 7; 1709.04183,1711.11520
f1f, Well-Tempered LSP Multiple 36.1 0.48-0.84 m(¥0)=150 GeV, m(¥¥)-m(¥})=5GeV, 7, ~ 7, 1709.04183,1711.11520

171, LX) 188, ek 0 2c 36.1 0.85 m(t))=0 GeV 1805.01649
m(f, ,&)-m(¥})=50 GeV 1805.01649
0 mono-jet 36.1 m(71,&)-m(¥])=5GeV 1711.03301

%)
=
@©
3
(o
a
c
(0]
(o)}
E
N

direct production

b, h—>h +h 1-2 e, 4b 36.1 i 0.32-0.88 m(¥))=0 GeV, m(7;)-m(¥})= 180 GeV 1706.03986

Xi¥ via Wz 2-3 e, : 36.1 ! m(¥})=0 1403.5294, 1806.02293
ee. uu > 2R 1 m(ET)-m(E))= 1712.08119
1501.07110
m(¥})=0, m(7,7)=0. 1708.07875
(¥7)-m(¥})=100 GeV, m(#, #)=0. 1708.07875
1803.02762
1712.08119

1806.04030
1804.03602

Direct Y| ¥| prod., long-lived X7 Disapp. trk 1 jet Yes : . Pure Wino REERENE
0.15 Pure Higgsino ATL-PHYS-PUB-2017-019

Stable g R-hadron SMP - . d 1606.05129
Metastable g R-hadron, §—>qu(1) Multiple [r(g8) =100 ns, 0.2 ns] . 24 m(¥})=100 GeV 1710.04901, 1604.04520
GMSB, ¥} —yG, long-lived ¥ 2y : ] 1<7(¥})<3 ns, SPS8 model 1409.5542
g8, /\7(1)—>eev/e/1v//1yv displ. ee/eu/pp - - 6 <ct(¥})< 1000 mm, m(¥})=1 TeV 1504.05162

Long-lived
particles

Long-lived
particles

LFV pp—. + X, v, —eu/er/ut e, et,ut . - . . A5;,=0.11, A132/133/233=0.07 1607.08079

ot oF 0

XiXT XS — WWzLeetyy 4ep 0 Yes U/X, [z # 0,4 # 0] ' m(¥})=100 GeV 1804.03602

23, 8—qq%1, X\ = qqq 0 4-5large-Rjets - [m(¥})=200 GeV, 1100 GeV] Large A7), 1804.03568
Multiple [4},=2e-4, 20-5] . . m(¥)=200 GeV, bino-like ATLAS-CONF-2018-003

83,8 — ths | g—1iX), X — ths Multiple e m(¥)=200 GeV, bino-like ATLAS-CONF-2018-003

i, i, X — ths Multiple [4;,,=2e-4, 1e-2] . . m(¥%)=200 GeV, bino-like ATLAS-CONF-2018-003

fii, i —bs 0  2jets+2b lgg. bs] : 1710.07171

1111, I —bl 2e,pu 2b BR(7, —be/bu)>20% 1710.05544

U

*Only a selection of the available mass limits on new states Mass scale [TeV]

Merve SahinSO)//NeW Trends in ngh Energy PhySiCS 20 - phenomena is shown. Many of the limits are based on




EWK PRODUCTION SUBMITTED TO PRD,

ARXIV.1806.02293

e Search for pair-produced electroweakinos

e Different signal regions: Mass differences in the range of 100-600 GeV

LOCAL EXCESS UP TO 306 IN LOW-MASS SPLITTING

w
o

ATLAS ® Data
fs=13TeV,36.1t" [y Jother

B vy K Bkg. Uncert.

[m, .,m_]=[200,100] GeV
X1

X%

2 M

Data

N
Ol

D Other

@ Bkg. Uncert.
[m, ,m._]=[200,100] GeV
X1

X/ %

2 M

N
o

Events/ 10 GeV
Events/ 10 GeV

et HIGH/INTERMEDIATE-
......................................................................................................................................... 2 M A S S S P L l T T I N G -

b g ol g EXCLUSION UP TO 600 GEV

20 40 60 80 100 120 140 160 180 200
Merve Sahinsoy/New Trends m¥ [GeV] m¥ [GeV] A4

Data / Bkg



https://arxiv.org/pdf/1806.02293.pdf
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NEW GAUGE BOSONS



- WITH DIBOSONS

ATLAS-CONF-2018-016

* Benchmarks: Spin-1 Heavy Vector Triplet Model (HVT) and spin-2 graviton Ggg

W'/Z'/ Gk
* Hadronic decay channel ot WW,WZ,Z7

o jet reconstruction methods using tracker (ATL-PHYS-PUB-2017-015)

USING 79.8 FB-1 DATA

ATLAS Preliminary
\s=13TeV, 79.8 fb

ATLAS Preliminary VV — gqqq
\'s =13 TeV

- - - Phys. Lett. B 777 (2018) 91 (36.7 fb™)
---- Phys. Lett. B 777 (2018) 91 (Scaled to 79.8 fb™)
Current Result (79.8 fb™)

--- Fit + Bulk RS m=1.5TeV (x 10)
--- Fit + Bulk RS m=2.6 TeV (x 10)

Events /0.1 TeV

WW-+ZZ SR
+2/DOF = 5.9/8

G (pp — V) x B(V’' = WW+WZ) [fo]

3
=
N
RANGE: IMPROVEMENT WITH m(V’) [TeV]
1.2-5.0 TEV NEW JET RECO TECHNIQUE

Merve Sahinsoy/New Trends in High
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https://cds.cern.ch/record/2621302/files/ATLAS-CONF-2018-016.pdf
http://ATL-PHYS-PUB-2017-015

WITH LEPTONS

e Benchmarks:Superstring-inspired model (¥), Sequential Standard Model(SSM)

Z' ssmpy (CMS) & W' ssm (ATLAS) LEPTONIC DECAY
Wssm(lv) —

ATLAS Preliminlar)'/ —W' (3TeV) o Data
(s=13TeV,79.81" —W (4TeV) W
DILEPTON SEARCH B85S N = i =0l 0 XY 074 0 -3 N VA0 W’ — uv selection — W (5 TeV) .;%Qquafk
1 :|35|9| fk|)-1| (1| 3 Tle\ll, lele) |+ |3|6$ flb-1 (|13| -Il-el\/,l HI+LL|-) - ’E‘)Allt'l)l?”seotn
—— QObs. 95% CL limit

|
Exp. 95% CL limit, median

I Exp. (68%)

Exp. (95%)

USING 79.8 FB-1 DATA
ATLAS-CONF-2018-017

e Strong limits with leptons, high background suppresion

I IIIIIIII I

ll lllllllj,l lllllll‘ lllllllll lllllllII lllllllll lllllllll L1l

r"{[ 1l

llﬂlﬂl Illlllll| IHHIII| IHIHII] Il

| lllllll

[R S

Data / Bkg

OO —=— OO

T R R R R R T T R T R R T Lo
1000 2000 3000 4000 5000
UP TO 4.5 TEV EXCLUSION FOR Z'cc, BRUNEEY Transverse mass [GeV
UP TO 5.6 TEV EXCLUSION FOR W'ssm .

DOLND DL D
A RAAN AR AR annnn el N el RRANEARS AANRLALE L

Data / Bkg

(post-fit)
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https://arxiv.org/pdf/1803.06292.pdf
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-017/

COMBINATIONS

e Diboson+!l+Ilv combination:

SUBMITTED TO PRL,
ARXIV.1808.02380

ATLAS —— Observed 95% CL limit
Vs =13 TeV, 36.1 fb™

Expected 95% CL limit

e 0ggqgq, vvqa, lvaa, llgg, Iviv, llvv, IV, llll, ggbb, vvbb, HVT model A

lvbb, and llbb final states= Combined

e |v +|| final states = Combined

e Combination of

V/

q V/H
BOSONIC DECAY

Merve Sahinsoy/New Trends in High Energy Physics 2018

q
LEPTONIC DECAY

Exp. VV + VH
Exp. Iv + I

COMBINATIONS GIVE THE BEST LIMITS

BENCHMARKS

Model \ Decay mode WW WZ ZZ WH ZH (v

Bulk RS

Scalar

48


https://arxiv.org/abs/1808.02380

e

. VECTOR LIKE QUARKS



ECTOR LIKE QUARKS

e \What?
Charge Decay Mode
] .. T singlet +2/3 T —W7'h,Zt Ht
e Spin 1/2, ferminoic top/bottom quarks B singlet 13 B W1 7b Hb
(T,B) doublet | (+2/3,-1/3) | T -W™'b,Zt,Ht | B— W t,Zb,Hb
e Singlet, doublet or triplet (X,T) doublet | (+5/3,+2/3) X — Wt T — 7t Ht

' (B,Y) doublet | (-1/3,-4/3) | B — Zb,Hb Y Wb

e Produced via FCNC or SM-like processes
e Preterentially decay to 3rd generation

e Left and right handed components transform
identically under SU(2) x U(1) gauge transformations

e \Why?

* Solves hierarchy problem, baryon asymmetry

e GUTs, little Higgs, composite Higgs...

PAIR PRODUCED

Merve Sahinsoy/New Trends in High Energy Physics 2018 50



PAIR PRODUCTION

e Upto 1 TeV of VLQ mass, dominant production mechanism is pair production
e Rich final states / Many different searches for VLQ T and B

e Lepton+jets, dilepton+jets (same/opposite sign), 3lepton+jets

e (General strategy: Scan toW, Zand H | N ATLAS
1. Vs=13TeV, 36.1 fb"
LEPTON+JETS FINAL STATE [N AN NONPAKVARY. S 0. - N +=-Exp.oxclusion [ Obs.excusion
. . ) W(IV)b+X [arxiv:1707.03347]

H(bb)t+X (arxiv:1803.09678]

ATLAS
\s=13TeV, 36.1 fb™

Z(VWt+X [arxiv:1705.10751]

Trilep./same-sign [CERN-EP-2018-171]

t [GeV]

Z(INt/b+X (arxiv:1806.10555]

Imi

All-had [cern-EP-2018-176]

TT — Wb+X 1-lepton

oo SU(2) singlet
O SU(2) doublet

% SU(2) doublet @ SU(2) singlet

m
7))
©
S
_
O
N
7o)
o>
o
O
-
O
N
a
O

' 0.102030405060.7080.9
B(T - WD)

02 04 06 0.8 0O 02 04 06 0.8 0O 02 04 06 08 1
Merve Sahinsoy/New Trends in High Energy Physics 2018 BR(T — Wb)



https://link.springer.com/article/10.1007/JHEP10(2017)141
https://arxiv.org/abs/1808.02343

COMBINATIONS SUBMITTED TO PRL

arxiv.1808.02343

e Each analysis excludes the the different regions in the
branchmg ratio trlangles —— Theory (NNLO prediction +10)
— 95% CL combined observed
95% CL combined expected
—— H(bb)t+X — W(lv)b+X — Z(It/b+X
COMBINATION OF JHEP 08 (2 01 8) 177 Tril./s.s. dilep. — Fully-had. Z(vv)t+X
1+2+3 LEPTON CHANNELS

e Combination of difterent analysis are giving the best sensitivity

1180
ATLAS

B e (s =13 TeV, 36.1 fo!  SU(2) singlet

-3
10200 800 900 1000 1100 1200 1300 1400

1080 1070 1080
m; [GeV]

STRONG SENSITIVITY WITH COMBINATIONS
FROM ATLAS AND CMS
SINGLET T(B) UP TO 1.31(1.24)TEV
Merve Sahinsoy/New Trends in High Energy Physics 2018 52
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https://arxiv.org/abs/1808.02343
https://link.springer.com/article/10.1007/JHEP08(2018)177

WE ARE LOOKING FOR NEW PHYSICS IN
MANY WAYS...

& susy
. .LEF.FOQUARKS

RARE DECAYS _ & . NEW GAUGE BOSONS

+ } VE’CTOR LIKE QUARKS
&’ DARK MATTER

PRECISION * 2
P




.AND THERE ARE MUCH MORE SEARCHES

THAT | COULD NOT MENTION...




SUMMARY

e |LHC pertorming extremely well! Lots ot data to analyse and much more data will be there

e Searches for new physics in a vast variety of channels

* Many new methods and performance studies tc&prove searches

. . @

e No significant excess found yet, but we are narrowing down the possibilities, excluding

B

the significant portion of phase space and chasir& for new physics eveywhere!

&
-

STAY TUNED Fi THE NEW RESULTS AND HOPEFULLY FOR NEW PHYSICS!
¥
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PERFORMANCE

 Excellent performance from LHC!

* Doubled the design luminosity

 Challenging conditions, large pile up

Preliminary.

e ATLAS
« CMS

= LHCb
» ALICE

—
I
v
h
&
O
v
mM
-
i
>~
L —
v
O
L=
£
-
—
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ATLAS

S {s =13 TeV
Preliminary

—
N
o

_ Delivered: 136 fb’’
D LHC Delivered Recorded: 127 fb”

D ATLAS Recorded
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yaft T AW TTyan 33“‘\1

W V018 1o

Month in Year
AT THE END OF RUN2:

150 FB-1 DATA TO ATLAS AND CMS
> FB-1 DATA TO LHCB

Plenty of data to analyse!

uoNeIqIED 8102 [EMU
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splice consolidation
button collimators
R2E project

experiment beam pipes

Exciting days ahead, more data will come!

RUN3:300 FB-’

HIGH LUMINOSITY LHC:3000FB-T

LS2

injector upgrade
cryogenics Point 4
dispersion
suppression
collimation

experiment upgrade
phrase 1

HL-LHC installation

11113" ﬁlv'

experiment upgrade phase 2

14 TeV

energy

e |11 ] #

luminosity




PRECISION

Standard Model Production Cross Section Measurements Status: July 2018

AQ total (2x)

S 10" Fang e ATLAS Preliminary
-

Theory
O Run 1,2 s =7,8,13 TeV

incl

R LHC pp Vs =7 TeV

Ddijets BB Data 45-49fb!

O
AN
pr>25 GeY LHC pp Vs =8 TeV

O3>0 A Data 20.2 — 20.3fb™!
X -O

HJ‘Z1
pt > 125 GeV
O o

pt > 100 GeV
AN

I‘IJ'Z1

A

nj>2

A

I‘IJ‘ZS

3
\Y

3
v
Lol

ov O

3
v

3
v

Lo

]

v
L L 1illll

O<

A

>

A
Qwz
A

YY H WV Vy ttWttZ ttH tty Y7Y Wij Zjj WWZy Wy ywwr ZyjiVVijj

EWK EWK Excl. EWK
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PRECISION

July 2018 CMS Preliminar

m 7 TeV CMS measurement (L <5.0 fb™)

@M 8 TeV CMS measurement (L < 19.6 fb™)

m 13 TeV CMS measurement (L < 35.9 fb™)
Theory prediction

Z 4L %4 CMS 95%CL limits at 7, 8 and 13 TeV

, O [pDb]

—h —h —h —h
o o o o
N 0 ~ O1

—h
<

C
O
el

@)

D
N

)

)

O
O 10

-
O
el

@)

-
©

O

| -
0

—h

—
9 9
W N

10 ew 'ew 'vv—=Tw Ew ew Ew 'Ew BF
W Z Wy Zy WWWZ ZZ qaW qaZ WW qqWyssWW qaZy qqWZqazZ VyZyyWyy ittt tW ittty tZg ttZ  ty W tttt gquqH VH WH ZH ttH tH HH

EW: W—lv, Z—l, I=e,u Th. Ao, in exp. Ao

All results at: http://cern.ch/go/pN;j7
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ANOMALIES IN ANGULAR DISTRIBUTIONS

CMS (2012 data): PLB 781, 571 (2018) —¢- CMS
LHCDb (Run1): PLB 781, 571 (2018

e More statistic is needed!

UP TO 3.4¢0
STANDARD DEVIATION

Angular Distribution Parameterisation

10 12 14 16 18 20
g~ =m,, q°(GeV’)

Merve Sahinsoy/New Trends in High Energy Physics 2018
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MODEL INDEPENDENT LIMITS

SEE THE
TALK FROM L. HENKELMANN

talk from
Xsec sensitivity
: N — DM@LHC2018
~ - sensitivity

Y

Estimate Signal Sensitivity

binned

Ragge In Usﬁh(bz’;)wm 0i?£lz(b5)+EM AXE : :
ETSS [GeV) fb] [fb] [%]
150, 200) 19. 1831« 15
200, 350) 13.1 10,55 35
350, 500) 2.4 B i o 40

500, oo) .7 [ 8t 55
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https://indico.cern.ch/event/669891/contributions/2897832/attachments/1627593/2592492/2HDMa_MonoHbb_LHenkelmann_05042018_DMatLHC.pdf
http://www.apple.com

M O N O - SEARCHES JHEP 01 (2018) 126

* |nitial state radiation jet recoils against missing transverse energy (Etmiss)

 Not only DM, weakly interacting new particles: SUSY, extra dimensions

e Search for an excess in the Et™Miss spectrum 3 ATLAS o« T
Z 1 444« Standard Model

% Vs =13 TeV, 36.1 fb B Z(— vv) +jets

. : , S Signal Region | W(= Iv) + jets

e Dominant background : Z(vv)+jets g > (1)>250 GeV, E™**>250 GoV —

i single top

. . B Diboson
e Ongoing work to reduce the systematics! ; multijets + ncb

m(b, ¥)°) = (500, 495) GeV

(m_.. M__,)= (400, 1000) GeV

ADD, n=4, MD=64OO GeV

Data / SM

400 500 600 700 800 900 1000 1100 1200
E™S [GeV]

ONE SIGNATURE MANY INTERPRETATION
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https://link.springer.com/article/10.1007/JHEP01(2018)126

MO N O - SEARCHES

CMS ARXIV:1807.06522

35.9 b’ (13 TeV)

CMS i
B tt(21)
M;, > 110 GeV [ tt+V
I Z/y*+jets
ey channel I Single top (21)
] Diboson
B W+jets / tt(11) / tW(11)
| BKkg. unc.
- - = = Prefit
—— m,=100 GeV, m =1 GeV

Events / bin
=)

Obs / Fitted

100 150 200 250 300 350 400 450 500
p?‘ss [GeV]

e DM association with tops

e Strong limits!

Merve Sahinsoy/New Trends in High Energy Physics 2018

36 fb' (13 TeV

m,=1GeV, g’ =1[FCNC]
Median expected 95% CL

Observed 95% CL
Obs. + 10y,

Observed Oggo, CL/”theory

02 04 06 08 1 12 14 16 18 2 22

my [TeV]
CMS,ARXIV:1801.08427

* DM association with tops

e Hadronic decay channel with top tagging methods

* Assuming FCNC
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https://arxiv.org/pdf/1807.06522.pdf
https://arxiv.org/pdf/1801.08427.pdf

A TYPICAL DIJET RESONANCE SEARCH

Events

— —

o o

3 =)
LILLLLL

w—
LLILLLLL ULLLLLLL

; \s=7 TeV

ST T N e S R R e =

LO QCD Calc.
|Jetn| < 1.3

200 400 600 800 1000 1200 1400 1600 1800 2000
Dijet Mass (GeV)

Events
— —
o o
on o

—
LBLLLLLL Frrrm T TTTI

background-s

data

LO QCD Calc.
|Jetn| < 1.3

= \s=7TeV

T T SN R B R A =

200 400 600 800 1000 1200 1400 1600 1800 200
Dijet Mass (GeV)

= OVERWHELMING LARGE DIJET BACKGROUND
==UPPER BOUND ON THE RESONANCE MASS LIMITED BY THE COLLISION ENERGY
= GOING TO LOWER MASS POINTS CHALLENGING DUE TO THE LARGE BACKGROUND

= NEW APPROACHES NEEDED TO EXPLORE LOWER MASS VALUES ¢
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DARK MATTER SUMMARY

Combining the results from ana

—
<MD

= Dijet
Vs =13 TeV, 37.0 b
Phys. Rev. D 96, 052004 (2017)

Dijet TLA

Vs =13 TeV, 29.3 b
arXiv:1804.03496

ATLAS| Preliminary July 2018

DM Mass [TeV]

Dijet + ISR

Vs =13 TeV, 15.5 o™
ATLAS-CONF-2016-070

Emiss

T +Y
Vs =13 TeV, 36.1 b
Eur. Phys. J. C 77 (2017) 393

E™sS 4 ot

Vs =13 TeV, 36.1 fb™
JHEP 1801 (2018) 126

T EMZ

Vs =13 TeV, 36.1 o™
PLB 776 (2017) 318

Axial-vector'mediator, Dirac DM{ — E_rlr_wiss Ry,

_ Vs =13 TeV, 36.1 o™
All limits at 95%) CL ATLAS-CONF-2018-005

2.5 3 3.5
Mediator Mass [TeV] LEPTHOPHOBIC
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DARK MATTER SUMMARY

ATLAS| Preliminary July 2018

/

5
.~

Dijet V& = 13 TeV, 37.0 fb™!
Phys. Rev. D 96, 052004 (2017)

Dijet TLA V&€= 13 TeV, 29.31b"

/ 7 arXiv:1804.03496

DM Mass [TeV]

Eur. Phys. J. C 77 (2017) 393
ET“+jet V& =13 TeV, 36.1 fb”'
JHEP 1801 (2018) 126

Dilepton

Vs =13 TeV, 36.1 fb™
JHEP 10 (2017) 182

-
e

Axial-vector mediator, Dirac DM
9y = 0.1, g = 0.1, g, = 1
All limits at 95% CL

2.5 3 3.5
Mediator Mass [TeV]

!
.,'
//' .l./"'
(pee/ i
s -
/
./" \/

ATLAS LEPTHOPHILIC
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CMS Preliminary
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500

LHCP 2017

Axial-vector mediator
Dirac DM

=1.0

=0.1

Observed

Expected

Dilepton (12.4 fb' /13.0 fb™)
[EXO-16-031)]

Dijet (35.9 fb')
[EXO-16-056]

Boosted dijet (35.9 fb)
EXO-17-001
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Chargino and stop pair production

) S ‘ M P L‘ F‘ E D M O D E I_S 2 opposite charged leptons, large Eqmiss

CMS 35.9 fb™' (13 TeV)
PP > XX, = IVIVL IE) =T V)R

—
o
N

ATLAS-CONF-2018-040 s b b o S g

B(X:— [ v) = 0.5, Myq, = (Mg + Mg)/2
—Observed + 10 NLO+NLL excl.
-==Expected 1o

Search for the bottom-squark pair production
O leptons,3 or more b-jets and Eqmiss

—i
-

theory

experiment

(| IIIIII|

51 51 production ; 51 —b %2 —bh %? ; m(%?) = 60 [GeV]

ATLAS Preliminary
Ys=13 TeV, 79.8 fb™". 95% CL

—

[ | IIIIII|

— — — - Expected Limit (+1 Gexp)

SUSY)
theory

ATLAS 8 TeV, 20.3 fb™ (observed)

Observed Limit (t1c

| IIIIIII

95% CL upper limit on cross section [pb]

1 \
1 1
| | \
| 1
| | 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
| 1
1
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o
&

SUBMITTED TO JHEP,

Q ARXIV.1807.07799

2OQ|9|15|9|$|9|$| a P ]
00 400 600 800 1000 1200 1400 1600

m: [GeV] UP TO 800(320)GEV
1 EXCLUSION FOR CHARGINO
UP TO 1.4 TEV EXCLUSION (NEUTRALINO) MASS
FOR BOTTOM-SQUARK MASS TN
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https://cds.cern.ch/record/2632345/files/ATLAS-CONF-2018-040.pdf
https://arxiv.org/abs/1807.07799

SUSY SUMMARY

ELECTROWEAK CHARGINO-NEUTRALINO
PRODUCTION SUMMARY

TOP SQUARK PAIR PRODUCTION
SUMMARY

T, production, = b f % /T c %, /T~ Wb %, /T~ t % May 2018 SUSY

2018 ATLAS Preliminary s=8,13 TeV, 20. fb'i Observed limits at 95% CL
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CMS PAS-B2G-17-004

1 l I I | 1 l | I I 1 I ] | I I I ] I I | I 1
CMS ¢ Data

Prelimina
v B Z()+jets
| 2, 2btag ff, t+X
B V. Vh B vV, Vh i
[ Fit unc. ] Fit unc. =

359 fb (13 TeV)
] I |

_I I I 1 | 1 | 1 | | 1 I | |
-~ CMS ¢ Data

Prelimina
’ B Z()+jets
2 2I,1btag it t+X

VH SEARCH

e One signature, many interpretations
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z W' AND Z2' RESONANCES WITH A DEGENERATE MASS
Merve Sahinsoy/New Trends in High Energy Physics 2018 SMALLER THAN 2.9 TEV EXCLUDED



http://cms-results.web.cern.ch/cms-results/public-results/superseded/B2G-17-004/index.html

DIBOSON LIMIT SUMMARY

e Many final states exists in VV/VH channels

e FEach individual analysis aiming for ditterent final states, complementary searches using all the objects

e Comparison for the sensitivities of different channels for HVT model for Z" and W’

s el L i L
ICHEP 2018 35.9 fb™ (13 TeV) ICHEP 2018

1
0 HVT model B — ZH—2g2t (CMS-PAS-B2G-17-006) HVT model B
95% CL upper limits — ZH—2g2b (EPJC 77 (2017) 636) 95% CL upper limits
— QObserved ZH—-2l/2v2b (CMS-PAS-B2G-17-004) = — Observed
.-« Median expected — WW-—-4q (PRD 97 (2018) 072006) | ---- Median expected
WW-—2glv (JHEP 05 (2018) 088) 3

by

CMS

Preliminary

1.5 2.5
m,, [TeV]

Merve Sahinsoy/New Trends in High Energy Physics 2018

W* LIMITS
35.9 fb™ (13 TeV)

- WH—-2qg21 (CMS-PAS-B2G-17-006)
— WZ—-29g2l (arXiv:1803.10093)
— WH—-2qg2b (EPJC 77 (2017) 636)
WH-Iv2b (CMS-PAS-B2G-17-004)
— WZ-2q2v (arXiv:1803.03838)
WZ-2qlv (JHEP 05 (2018) 088)
— WZ—-4q (PRD 97 (2018) 072006)
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NEW BOSONS:Z’

e Dilepton final state:

e Combined limits for electron and muon channels |ATLAS,JHEP10(2017)182

e Benchmarks: Z' Sequential Standard Model(SSM) and Z’ superstring-inspired mode|

35.9 fb' (13 TeV)

¢+ Data CMS
[ 1y/Z > e’e

0 tt, tW, WW, WZ, ZZ, 1z

[ ]Jets
—Z\, (M =3TeV)

~ 1780100 200 300 1000 2000
m(ee) [GeV]
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~ 180100

200 300

36.3 b (13 TeV)

¢+ Data CMS
YL —-pp
] tt, tW, WW, W/Z, ZZ, 1z

[ ]Jets
—Z'\, (M =3TeV)

1000 2000
m(u*u) [GeV]

CMS,JHEPO06(2018)120

35.9fb™" (13 TeV, ee) + 36.3 fb (13 TeV, u*w)

1000

—— Obs. 95% CL limit
Exp. 95% CL limit, median
I Exp. (68%)
[ ] Exp. (95%)

2000 3000 4000 5000
M [GeV]
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https://arxiv.org/pdf/1803.06292.pdf

| N

80 FB-1 DATA

SINGLE PRODUCTION

ATLAS Preliminary

13 TeV. 79.8 fb" — (B, Y) doublet model prediction (LO)
e First search for the single production of a B quark ' B~ bH(=> 1) k=05 T O0S HMHISHR B
--=- Exp. Limit (95% CL)
through its fully hadronic decay channel ' Exp. +10

Exp. =20

e Considering finite resonance widths of B decay,

different limits

JHEP 06 (2018) 031 .
359fb' (13 TeV) . @~ ~ 2

Before fitting ) |
[ IMuttijets [t | HIS K7y 800 900 1000 1100 1200 1300 1400 1500 1600

5 |

P Z + jets R\ Stat + syst unc. m_, [GeV]
B

-+ mg = 1.8TeV x 500 ’ ATLAS-CONF-2018-024

No forward jets
High mass analysis

Events / 180 GeV

* Main background: non-resonant
diphoton

''''''''''''' SRR e B quarks with masses less than 1210

GeV excluded under the assumptions

Data / BKg

600 800 1000 1200 1400 1600 180%2{)(})_{0(6(522(6] NO SIGNIFICANT EXCESS
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https://cds.cern.ch/record/2628759/files/ATLAS-CONF-2018-024.pdf
https://link.springer.com/article/10.1007/JHEP06(2018)031

LONG LIVED AND UNCONVENTIONAL

Y3338 neu:ra|
displaced == charged
any charge

disappearing / displaced

lepton

displaced
vertex

displaced
photon

B BSM
B lepton
. . B quark
displaced \4 displaced ohoton

vertex conversion B anything

Credits: J. Antonelli
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DARK PHOTON
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2017-03/
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