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OUTLINE®

World “Discovery” Map

Spin-2 Spin-1/2 Spin-0, 1 Neutrino Mass
Graviton Fermions Bosons

Where will the next new physics be discovered? © My daughter's view of "SUSY" hunting.

"Using jets and heavy flavor products to search for
supersymmetry with CMS"
1) CMS physics objects (jets, b, top, tau) for hadronic states

2) CMS searches for SUSY colored sectors (G, §) and )

3) Summary
(*) see Appendix.
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CMS Operation and Papers
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CMS Physics

" , https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResults

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G

Trigger‘s - JINST 1 2 (20 1 7) PO 1 020 -CMS Preliminary 2017 Data 8.8 1" (13 TeV)

1) Tagging energetic jets (+ MET) from $ T T nice
cascade decays L

2) Tagging leptons ok & T

3) Tagging photons R <0

4) Tagging with timing N o LiuEramen

5) ISR jet(s), VBF dijet BV B P PR b
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Particle Flow (PF) Algorithm

» All particles (charged hadrons,
neutral hadrons, y, e, 1) are
reconstructed with the PF algorithm
(with corresponding calibrations).

<+ The list of "particles” is given to the
jet clustering, missing E+ (MET or
EMiss) and t reconstruction
algorithms

» Plus Pileup (PU) per particle
identification' (PUPPI)
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A Maintain good resolution and
energy scale of those physcs
objects with PU

0 Maintain good background
rejection ifor lepton isolation

12.9f0' (13 TeV, 2016)
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Challenges with High Lumineositv (= PU)

CMS-PAS-JME-16-004

1.2

CMS Preliminary

12.9 b (13 TeV, 2016)

'<U\I>/qu>
T 17 IT\ T 17T

-

—— PF E™®

—* Puppi Efrmss Z— pp

Z—up

A C
I~ 0s[”,
o a
N~ L
S~ 08=
: 0.7 ;—
08
O
=
~N
(w]
..—
(w]
/)

Teruki Kamon

500

550500 350

(qr)

400

450500

q, [GeV]

Efficiency

CMS SUSY

_
=]
=1

CMS Preliminary 2016 {s=13 TeV (25ns)

0.99

Hit Efficiency

0.98}

0.97

0.96

0.95

1.00 gl

0.98
0.96
0.94
0.92
0.90
0.88
0.86
0.84
0.82
0.80

| LI T T I T T T I_
i |
. Barrel Pixel Hit ™ |
- efficiency i
+ BPix, Layer 1
[ = BPix, Layer 2 il
F « BPix, Layer 3
I v FPix, Digk 1
L L e P, Dk 2 0L L
10 15 20 25 30 35
Average Pile-up
s=13TeV,L=92fb"
L=l T [ T T T T [ T T T T 7T T 77 -0:
e eig o 3" ]
""'-0—-—0—-_‘_‘:
CMS-DP-2016-043 -
Muon reconstructions
efficiency E
E —e— Data, 2016 _E
- [ simulation 3
3 CMS Preliminary |
_I 1 1 1 11 1 | 1 1 1 1 ‘ 1 1 1 1 | 1 1 1 1 ‘

15 20 25 30 35

N(primary vertices)



Examples of Particle 1D Performance

36 ™ (13 TeV, 2016)
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Tagging Boosted Objects

CMS-PAS-BTV-15-002
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CMS-PAS-JME-10-013
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One-page Simplified SUSY Summary

A : < Fermion <> Boson
t : *1* R parity conserving SUSY: stable lightest

,(Q) (Q) (Q)l neutralino (77 -+ lightest non-colored
D@/ B

gaugino) — cold dark matter candidate

squark gaugmo

After EW symmetry breaking,

7 e(B W, Hy, H)) 7 e(W' H) Ze(W, H)

—>Higgsino Example of SUSY Spectrum
' ' — >
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[Credits] Y .\. |
= Images of Baryon Acoustic Bscillations with Cosmic {18 1200 | b,
Microwave Background by E.M. Huff, the SDSS-IIl team, 'I: Hg HE: \\ —
and the South Pole Telescope team. Graphic by Zosia 800 - A X0 ,
it B B
Rostomian (Lawrence Berkeley National Laboratory) ~ 3 g% e %i
= Image of Neutrino Astrophysics, taken from 400 % ;LX‘Z-_ — X1
https://astro.desy.de/ RO ™ X1

= Image of the LHC by CERN Photo 0

Image of Bullet Cluster by NASA/ Chandra X-ray Center
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https://astro.desy.de/
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LHC SUSY Exploration Map

<+ Probing a TeV scale at
LHC13 ©

< No hints of NP (yet)
in very diverse search
programs @

< [Simplified Models]
MSSM (>100 parameters)
- impossible to have more
than 100 measurements
at the LHC. Consider a
way to test a minimal
scenario or simplified
scenario, first.

< [R-parity]

= R-parity conserving SUSY
(with a DM candidate)

= R-parity violating SUSY
(with a DM candidate
from somewhere else)...

Mg or g

CMS SUSY
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“Squarks/Gluinos™

CMS SUSY
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Sqquarks /Gluinos Searches
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Squarks/Gluinos Results
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Closer look at Squarks Results

—DUD-10-U3D, U-IgP \IVi,)
/

600

400

[Q] Do we still care of the extremly
compressed mass scenario?

Teruki Kamon CMS SUSY 14



“Gluinos

Teruki Kamon

with b-=jets™ Results
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Bottom Squarks

pp — bb b b %ﬁ' Moriond 2017
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Gluineo

Teruki Kamon

with H(—>bb)

CMS SUSY
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“Gluino with H(—>bb)” Results

CMS-SUS-17-006; CERN-EP-2017-322 % 72 - H7? or Z#? in heavy gluino (§) decay ..
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Top Squarks

Stop decay < Stop mixing & neutralino/chargino composition & Am:mf—mo

A1
O——
LSP Allowed stop decays Why . A
¥=Bs |ty =>tX) tr—trx? | UQ) couples L to L and R to R /
X} = Ws tL — tox) SU(2) only acts on L W\ - u
X1 = 131((1) none Only couples to down-type %
X; = H tr, — trX] th >t X} | Higgs couple L to R (mass term) b -

>0
X1

S0
X1

>
m.
7
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Top Squark Results
Searches with Ol + 1] +2|
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Top Sqaurk Results

CMS-PAS-SUS-16-052
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Gluine with Top Quarks

CMS SUSY
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CMS-S

“Gluino with Tops™ Results

US-16-050; CERN-EP-2017-257 < Top (t) quarks in top squarks (£) or gluinos (g)
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SETIIM - decay ... high py t decay with small opening
- CMS Simulation E
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< Event with piss > 250 GeV and Hy > 300
GeV; Use AK8 jets to capture full top decay
(3 subjets); two or three AK4 jets

<+ Search for > 1t and > 1b events
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“Gluino with Tops™ Results

CMS-SUS-16-050; CERN-EP-2017-257

95% CL upper limit on cross section [pb]
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Summary of Run2 in 2016-17

» Covering a large variety of possible final states even with <PU> ~25-50

< Seftting stringent limits on many SUSY scenarios including compressed
mass SUSY. See the public result pages: http://cms-
results.web.cern.ch/cms-results/public-results/publications/
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http://cms-results.web.cern.ch/cms-results/public-results/publications/

Cross Sections

January 2018

CMS Preliminary

B 7 TeV CMS measurement (L <5.0 fb™)
B 8 TeV CMS measurement (L < 19.6 fb™)
B 13 TeV CMS measurement (L <35.9 b))
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All results at: hitp://cern.ch/go/pNj7
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Remarks on Run2 and Beyond

We may see a deviation from the SM somewhere ,,,

CMS =615 CMS Preiiminary 20.5fb" (8 TeV)
g 0.24F —— CMS Incl Jet, fi§=m'ev, og(M) = 0.1164°%% S i ] ( SM-DHMV )
< :_ —e— CMS lncI.Jet,- s = 8TeV E 7] ( SM-HEPit )
3 == TaLM 1 o
0.2 —%— CMSH, f5=7TeV & —&—=LHCD
- ~—+— CMS 3-Jet Mass, Vs = 7TeV [ —— Belle-preliminary
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0'16;_ —T— 'zgus 7. ‘ ——
0.14F - == World Avg os(M,) = 0.1185 +0.0006 Or G
012 : N7, ’
e , -0.5¢ . | ~
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0.085— '1; +
—tli é%éﬁlo 2IO 3b 4I0 = ll1(I)O 260 3(I)0 — l110100 20100 i
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2000 GeV
The strong coupling a4(Q) (solid line) and its Measured values the P5' coefficient in the
total uncertainty (band) as determined in angular analysis of the B® - K*°u*u~ decay
JHEP 03 (2017) 156 analysis using a 2-loop performed by CMS, compared with previous
solution to the RGE as a function of the experimental results and several predictions.
momentum transfer Q = p.. Values are measured as a function of the

invariant mass of the dimuon system (g?2).

https://twiki.cern.ch/twiki/pub/CMSPublic/PhysicsResults
Combined/As running ALL.pdf
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Appendix: Tau Spelton Pair with Taus
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Appendix: Tau Slepton Pair with Taus

CMS-PAS-SUS-17-003
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Appendix: Tau Slepton Pair with Taus

CMS-PAS-5US-17-002
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Chargino-Neutralino Pair with Taus

CMS-PAS-SUS-17-002
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