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CMS Operation and Papers

Schematic view of the 12, 500-ton CMS
Detector with its main components.
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CMS Physiecs

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

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

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

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

Triggers - JINST 12 (2017) P01020

1) Tagging energetic jets (+ MET) from
cascade decays

2) Tagging leptons

3) Tagging photons

4) Tagging with timing

5) ISR jet(s), VBF dijet

6) ..

Efficiency
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D4 = Diggil—lg Down, Down, and Down

B 7 TeV CMS measurement (L <5.0 fb™)

January 2018 CMS Preliminary B 8 TeV CMS measurement (L <19.6 fb)
B 13 TeV CMS measurement (L <35.9 b))
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This demonstrates the CMS detector is functioning well to test the SM.
ruki Ka 4.




Deviation from the SM

The SM is successful in explaining a wide variety of physics, aside from
two to three standard deviation effects, despite possessing "structural”
defects.




Supersymmeitry (SUSY)

The SM is successful in explaining a wide variety of physics, aside from
two to three standard deviation effects, despite possessing "structural”
defects. So far, no sign of "Beyond the SM" (e.g., SUSY) in very diverse
search programs. SUSY in splitting scenario? Compressed-mass spectra
scenarios? We should continue studying various challenging final states.

Nature of
colored and non-
colored sectors?
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“SUSY + Another Higgs” Menu

MSSM Higgs (e.g., A H* and H*H-), Non-MSSM Higgs
Colored Sectors

= Gluinos

= Heavier(?) 15t/2n generation scalar quarks (squaks)

= Lighter(?) 3rd generation squarks (stop, sbottom)

Charginos (C1, €2), Neutralinos (N1, N2, N3;.N4), decaying

into:
= Leptons, Higgs, W, Z Compressed scenarios at
LSP? hadron collides
= Lightest Neutralino (N1): Bino-like, Wino-like, Higgsino-like,
Bino-Higgsino-like ..
[Example] Higgsino LSP > char'gino and neutralinos Pisplaced vertex Disappearing track  Stable massive particle
below 200 GeV, with mass splittings of order 10 GeV. sl /i penetrate
It is very difficult for LHC to observe these particles. /A all detectors -
I - neutralino w
= Gravitino primary .x;,':"a"no / t high dE/dx
S I epTO ns vertex g decay length
= Selectrons and smuons - mass degenerate? 0 (10) mm 0 (100) mm >0 (1000) mm
= Special case: Stau is lighter. “non-pointing” y
Displaced Tracks “delayed” v
Long-Lived (LL) L) O
RPV + 22?2
i Ka — ,L




SUSY Exploration Map

1) Selected CMS searches for g —qq - qax;,
SUSY in colored sectors (g, 2 -
d) and non-colored sectors.

2) Summary & Remarks
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Multi-dimensional Search Regions

CMS CMS Experiment at LHC, CERN
- Data recorded: Tue Oct 26 07:13:54 2010 CEST
Run/Event: 148953 / 70626194
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Squarks/Gluinos
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Bottom Squarks
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Gluino with H(—bb)

CMS-PAS-BTV-15-002

subjets

T-axisq

double-b

T'axi82




“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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= 12 Ez+sets [ 4 Data =« Event with p7*** > 300 GeV; Use large cone
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Top Squarks

Stop decay < Stop mixing & neutralino/chargino composition & Am:mf—mo
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CMS-SUS-16-050; CERN-EP-2017-257
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Top quark tagging efficiency

Region N, N, i [GeV] p—r}“'“ [GeV] Motivation
1 >1 =1 >200 >250 Events satisfying selection criteria
2 >2 =2 >200 >250 Events with Ny > 2and N, > 2
3 >3 >1 >200 >250 Events with Ny > 3and N, > 1
4 >3 >3 =200 >250  T5titt; small Am(g, £7) and mige < e
5 >2 >1 >200 >400 T2tt; small Am(t, 70)
6 >1 >2 600 >400  T2tt; large Am(t, 53)
Region Ni N, Hrp[GeV] p*[GeV] Motivation
7 >1 >2  >1400 >500  Tlttbb & Thttee; large Am (g, 7°)
8 >2 >3 >600 =350 Tttt small Am(g, 75
9 >2 >3 =300 >500 T1/T5tttt & T1ttbb; intermediate Am(g, £7)
10 >2 =3  >1300 >500 T1/T5tttt; large Am(g, 79)
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% Top (t) quarks in top squarks (%) or

gluinos (g) decay ... high p; t decay
with small opening angle
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300 GeV; Use AK8 jets to capture
full top decay (3 subjets); two or
three AK4 jets
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Top Sqgaurk Results

CMS-5US-16-050;
CERN-EP-2017-257

CMS-PAS-SUS-16-052
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“Gluino with Tops™ Results

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

Limits on (¥ ¥3) with decays via (a) sleptons or (b) W/Z/H
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Wino-Chargino and Bino-LSP

v" Up to ~1150 and ~700 GeV for light slepton case; Dimuon (3 6eV) + MET (50 GeV) trigger
v Up to 450 and 150 GeV for W and Z cases (offline: pr> 5 GeV and MET > 125 GeV)

. > Soft OS dilepton in compressed
Weaker limits for_' . ] mass spectra (AM < 20 GeV).
v Heavy slepton; being Higgsinos; small mass
difference (compressed mass spectra)
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Chargin;-Neutraﬁm with Taus

CMS-PAS-SUS-17-002
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Summary of Run2 in 2016-17

<+ Covering a large variety of possible final states even with <PU> ~25
< Setting 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/

Selected CMS SUSY Results* - SMS Interpretation ICHEF "& - Moriond ™7

Gluinos
Agia
3
hlé
LAEITEIITE RSN ]

i

Lo L5

i
B

Ll T T

Eitbh sy TT RS
PR LAM 1 R

!

!

!
e CMS Preliminary
{s =13TeV

I L=129 "L =359 "

|
SR LEERERER L NI

B v a

-
e = !
-%m 5 k For decays with Intermediate mass,
g e a . T s ™ - +{1-1}

v, |r1_'I|||m"""|m""||
i} 200 400 GO0 00 1 1200 1400 1E00 1800

*Oibs=nsed Imis at 95% C.L. - Beory uncertaintes pot included) Mass Scale
Only a selection of available mass imits. Probe "up o® ©e mass Imitfor m =0 GeV miess stabed othenvise

Electroweak
Gauginos

1000 GeV 2000 GeV

%—

d



http://cms-results.web.cern.ch/cms-results/public-results/publications/

%+ Good LHC duty cycle in 2018; Fills with

Remarks on Run2 and Beyond
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Challenges with I[lgh Lumlncslty (= PU}

36 fb (1 3 TeV 2016) a5, g ! (13 TeV)
a. 1-1_ T T T T T T T > of T T — —
F ) 4 £ —e— 0.000=|7]= 0.800
£ s cMm MediumId2016,p =20GeV | & °f cms 0300 1= 1.484 1
—  1.05H Prehm.'nary —e— Data g £ | Preliminary e 1.566 < |1|< 2.000 ]
L r 1 = Ung —e— 2,000 < |1 |< 2.500 -
E - -= MC ] g . ) % .
- - r j— = —
1:._.:._.'_‘:l:l:':-=l==-:':.=l=';gj:l:¢...._ o ey s ]
0.95F * = 08 — =
09F 3 N B
F ] 0zb L Ll —
085 -4 & “F E
E . g 1.08 ;— E
- . 1= <=+ mmnan} -
o 08__||||||||__ E 4 $ y 4 4
1.02E E 3 —‘[v—_*___f__l_ &
CMS-PAS-JME-16-004 5§ & . o v o 1 L
. ,CMS Preliminary 12,917 (13 TeV, 2016) B3 QB[ oo —A— L
A - - 0.94 S—TE 5% 5 ; T 5 910 ES) 30 40 50 8070 100 200 soopY ?%nes;)c
- ¢ muon 7
f\z 1A "
AT ] — T
o . CMS Simulation Preliminary i CMS S:mulatron Prellmlnary
Y 11— vv"' T Y.V T y I.x . X I---X I - 11_ LA B I S N S NN S R Y I B S B B B B 2..10 3 | T T | UL L =
L - ] F 3
B v ‘AA‘ 8 F —o- VLoose 13 TeV, average 20 pileup at 25ns | = - 13 TeV, average 20 pileup at 25ns -+ VLoose ]
A~ LT @ F—= LOOSQ Measured with respect to 94 Q | Measured with respect to = LOUS'E ]
B~oo™, O F —— Medium generator level T, i © generator level jet — Medium
w v = 0.9F —= Tight - -8 10_2 ;" —» Tight =
~ © F -« VTight 15 Fe=’e, VTight ]
\_0.8 :1 — PE quiss Zsup 9 085— = VVTight _E S *::.' .. - - VVTight ]
3 L . —mi + 0.7F Sl g P 4 = A vy e =
: 07— — PUpp' ETSS Z— HH 8 ‘{::::-h. - '_._‘—0—' . B s 10 ; ':'H**‘;E';"‘i - & ;
- D 0.6 sty e 4 O e e .
r CC EH ﬂ“-v- . & E L) - 2% + — z B
1 &) 08, < 0.5 T ¥ = E.E 10—4 - LJ } ¥ . -; —
1.1g= = Ctm 1 0 = ey ] 3
B 0.4f FBoce, 1s | i 3
S : oot o : : | —
i - E ~ SR N
g.gg 0.3 E 10°F [ E
) o 0.2F . = : :
09 BB AGAed T HG iAo g | Zl (2 TeV|) AL MC E [ QCD multi-jet MC (15 < j < 3000 GeV flat) |
q [Gev] 0- : 0 ; ; ; - ; : ; - ) ; : : 75 1 1 L I 1 1 L ‘ 1 1 1 | 1 1 L
; 1
(qr) €00 400 600 8‘9%691/0)0 0°0 200 400 600 890 100
Pr pJ (GeV)

JTerukiKamon e OMSSUSY 23




Tagging Boosted Objects
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Appendix: Tau Spelton Pair with Taus
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Appendix: Tau Slepton Pair with Taus
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Appendix: Tau Slepton Pair with Taus
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