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CMS Detector

SILICON TRACKER
Pixels (100 x 150 um?)
~1m? ~66M channels

Microstrips (80-180um)

Pixels ~200m* ~9.6M channels
e CRYSTAL ELECTROMAGNETIC
Tracker CALORIMETER (ECAL)
EC AL ~76k scintillating PbWO, crystals
HCAL
Solenoid
PRESHOWER
Steel Yoke — Silicon strips
Muons ~16m¢  ~137k channels
STEEL RETURN YOKE
~13000 tonnes

SUPERCONDUCTING

SOLENOID

Niobium-titanium coil ;

carrying ~18000 A Y FORWARD

CALORIMETER
HAD/:;tON CALORIMETER (HCAL) / féielc’:;:ﬁz e

Total weight : 14000 tonnes Brass + plastic scintillator MUON CHAMBERS
Overall diameter :15.0m ~7k channels Barrel: 250 Drift Tube & 480 Resistive Plate Chambers
Overall length :28.7m Endcaps: 468 Cathode Strip & 432 Resistive Plate Chambers

Magnetic field :38T
2
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LHC Run2 @ 13 TeV

CMS Integrated Luminosity, pp, 2016, vs = 13 TeV

Data included from 2016-04-22 22:48 to 2016-10-27 14:12 UTC R u n 2 D a.l-as e.l-
Shlmem et e * 2015: 73 /fb
« 2016: ~38 /fb,
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| CMS Online Luminosity

= Integrated = | * Excellent detector performance

_|Luminosity

(=]

High data-taking efficiency

Total Integrated Luminosity (fb ')

ol | 7~ 92% of delivered data are recorded

sl 15 . .

L Al . R . 92.5% if those are certified and used for

R N physics analyses

Date (UTC)
Date (UTC)
CMS Peak Luminosity Per Day, pp CMS Average Pileup, pp, 2016, Vs = 13 TeV
Data included from 2010-03-30 11:22 to 2016-10-27 14:12 UTC 70 ‘ ' ' <'ll> =24 70
\@ ;w1033 cm2s'1 = 1 Hz/nb @ PileUp
= 2012, 8 TeV, max. 7.7 Hz/ub e
- 2015, 13 TeV, max. 5.1 Hz/nb Ty so} |
,lz ol 2016, 13Tev, max. 1531 | Mectgantaneous s ‘:’:
E 2012 Luminosity 2%
5 10} {10 E 30|
0 5
] s 2015 -
f,2010 2011 A% ; [ £
fs 10 5 ‘::' o . ¥ § 10
Y A L | T .
\‘\0“ \‘\a‘\ y\a“ \‘\o‘\ \‘\"\ 3,\0“ % 40 20 20 ) o0
Date (UTC) Mean number of interactions per crossing
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We are Up for Discoveries ..

World "Discovery” Map

Spin-1/2Fermions Spin-0,1 Bosons
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% New Physics Searches Landscape

Exploring a New 13 TeV Energy Domain ...

Outline of my talk:

Di-photon, Di-V
1 Di-Jet, etc

like Fermions

Dark Matter

Mono-Jet ot '
Mono-V Leave no stone unturned ... .
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Di-Boson Resonances

* Tag boosted W, Z and H-bosons
using jet substructure algorithms @

Merged
W/Z jet w T
J 0 leptons | yv% 9;? Boosted jets: Increasing transverse momentum

Isolated - Merged
- . / eptons
MET WIZ jet ZV(resolved)

o —

b= i el
()+(,_ ‘ +€_ \
2 leptons
MET ~.\M"““‘*-:>.. Merged
Merged jet (2nu) e ‘/ WIZ jet
ith di Isolated

with displaced —
HW & = lepton +
- vertex 1 lepton | MET 0 leptons

Merged jet
. . .+. -—
BB o e e s iy iH| w.nea?:;;izdg
LS — e Ieptons Merged jet

Merged jet ’ = with displaced
with displaced e MET vertex
MR eSS L ————— (2m)
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Resonant V(ga)V(qq)

. 35.9 fb' (13 TeV)
10 ——

3 %"c'ﬁs"'”"”';ié.;sm
8 104E_Prelimfna[y .2 par. background fit
= 3 -=+-G(2 TeV)—~WW (o = 0.020 pb)
‘u;':') 10° WW, high-purity
2 3 nl = 2.5, p, >200 GeV
L 102 'E M, > 1050 GeV, IAqul s13
* All-hadronic resonance search with double (VV) or F
single (qV) V-tag L
* Categorize events based on V-jet mass: W=[65,85], E
Z=[85,105]; high/low-purity T,, < 0.35 or [0.35,0.75] e S — .
« Backgrounds: multi-jet, ttbar, V+jets N gri———— ot ]
. o . 500 2000 2500
* Fit the data spectrum with power law functions ' Dijet invariant mass (GeV)
* # of parameters determined from Fisher test
. _ 35.9 b (13 TeV) " 35.9 o' (13 TeV)
CMS — cMS —— otsens
= 10 Preliminary [ Expected - 1 s1d. deviation ~ 10 Preliminary [ Expected - 1 5td. deviation
Ko} Exp =281, -g_ =2std
MZ' > 2.7 TeV § 1 PERREEERE. onvBRE-WW) HVT, §~ 1 SRR oneBRIW-WZ HVT,
M, > 3.6 TeV f ity St ' Wiz ZZ
@ 95 % C.L. S " % 10
a o
x 107 x 107
% £
& 10°? S 400
\ ) N ) _—
CMS-PAS-B2G-17-001 = [ owgwespeee | e, R et e M N Do -
1.5 2 25 3 3.5 7 4 1.5 2 25 3 3.5 4
M, (TeV) M, (TeV)
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Resonant V(qq)H(bb)

= 1 X — VH — qgbb 359" (13 Te
X — VH — qbb |

« Similar to VV resonance search, &L M., } Data (362) ECMS Dot (14000)
. . . . . o — Bkg. fit (2 par.) — Bkg. fit (4 par.)
but with dedicated identification € [ woessnonpuionsms o iaoa ] [ 27 lowpuity, loosebtag ... By i (5par)
. _ . _ . ; . I'T\V-=2000 Ggev 4 F — My = 2000 GeV ]
of H with su Je agglng Ew’ HVT model B (g, =3) ;' HVT"‘°°°'B(9=3)';
« Additional categorization: : Ik é
. : . : Z+LP+loose
H[105,135]; and ’rlghf/loose H-jet 1F 3
b-tag > 0.9 or [0.3, 0.9] b §
* Backgrounds: multi-jet, ttbar, V 1 4 F E
+jets W+HP+tight { F
* Fit the data spectrum with o d L _
power law functions T “.;.‘.m‘.;.,,&l.“.l ..................... 4“.*.4.*.+4.;..*.;,.4.4.;.5.1.‘.4.“4.41,,1;“1..' ...... S
. g -2 - ]
* # of parameters determined < 0007002000 2500 30003500 400045005000 50 TS0 2000500 3000500050550
from Fisher test m,,, (GeV) My, (GeV)
X — VH — qgbb 35.9 o' (13 TeV) X — VH — qgbb 35.9 fb! (13 TeV)
§2000""I""I""I""l""l""l"" §2000""l""I""I""I""l""l""
Z1o00 SMS ay 95% CCL) kl)imits ) = CcMS oy 95% c(l3 tl)imits )
a relimin. serve o relimin serve
;L all categories ~ TUCC Expected ; 300 all categories Tttt Expected
M., > 2.4 TeV 2 lled = 2o ——lsd
y A 1€ = s HVT model B (g, =3) N == HVT model B (g =3)
MW' > 3.3 Tev é ## HVT model A (g,=1) § = HVT model A (g,=1)
= W' - WH bl zZ-2zH
@ 95 % C.L. s %
o]

1
!
CMS-PAS-BZG-‘|7-OOZ ‘ (o] PP BT AT EPEPEP PR T By ), FEPETETE TSR BT ETETEEE EPEPEPETE Be. . o SPETETETIN R
1000 1500 2000 2500 3000 3500 4000 4500 1000 1500 2000 2500 3000 3500 4000 4500
m,, (GeV) m,, (GeV)
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H-jet tagging
Dedicated low-mass
and high-mass
searches
Background
normalization based
on several sidebands
by inverting jet soft
drop mass and
double b-tag
discriminator

M, >2.4TeV
M, > 3.3 TeV
@ 95 % C.L.

CMS-PAS-B2G-16-026

27-JUNE-2017

o(pp — X) x B (X —» HH - bbbb) [fb]

Resonant H(bb)H(bb)
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35.9 o (13 TeV)

c
£
5 10
€ Estimated background
2 q0° Background stat. uncertain
o —— Bulk graviton 1000 GeV
102 Signal cross section = 10 fo
10
1
107
o
4
m
g 1
a 1000 1500 2000 2500 3000
M [GeV]
35.9fo" (13 TeV)
cn'ns " Radion (A= =3TeV)
Pre /iminary — Observed 95% upper limit

- - - - Expected 95% upper limit

Expected limit = 1 std. deviation

Expected limit = 2 std. deviation

PR T S T
2500 3000 4 1
M(X) [GeV]

PR S ST T SN ST ST S S SN N S
1000 1500 2000
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Events / 50 GeV

Data - Fit

10*

10°

10°

10

o(pp — X) x B (X —» HH - bbbb) [fb]
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- —
vq—rrmm| Illlﬂ" TTT

359" (13 TeV)
| A S T g

LL category: Anti-tag region
CMS
Preliminary t Das

- Background pre-fit

[ Background post-fit

r-
lllluJ_lllu‘ lluuﬂ L1l

-2 E
1500 2000 2500 3000
ad
M [GeV]
35.9 o (13 TeV)
L L L S B S s e L S Sy S S
10% CMs Bulk KK graviton (x/Mg = 0.1)
.. — Ob ed 95% limit
Preliminary sen upper imi
. - - - - Expected 95% upper limit
10 Expected limit = 1 std. deviation
Expected limit = 2 std. deviation
107
10
- IO
10_1 o M PR B R S S S N S S S
1000 1500 2000 2500 3000
M(X) [GeV]
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Resonant Z(II)Z(vv)

359fb (13TeV) 359fb (13TeV)
LU L LI L LB L L L L L

-
CMS [ Reson. backgrounds

[ Non-Reson, backgrounds

[ rescn. backprouncs
Preliminary (] Nor-Reson. vackgrounds
—4— Oata
[ 1ovsuscm=1Tev
[ 55t uncertainny

Preliminary

* Event signature: resonant
di-lepton +MET

« Use transverse mass mT 1
as the observable to
separate signal over
background

—4— Daa
) troBukGm=1Tev
I syst. uncanainty

Events / 50 GeV
Events / 50 GeV

Post-fit B-only
ee channel

Post-fit B-only

wu channel

RALL BLALLL BLALL AL BLALL ERALL BLALL EALL A

FENSNTN BYECETErE S Sy | P PRSI BT
0 500 1000 1500 2000 2500 3000 ‘0 500 1000 1500 2000 2500 3000

M, (GeV) M; (GeV)

359" (13 Tev)

10 EI TT L T LI l TTT I IIIIII l T T
= 95% CL. upper limits:

CMS —— Observed

Preliminary. ........ Median expected

I 68% e expected

1E 95% expected

[\/PT:1+M1+\/ )2 + Mj r— [ﬁT,ll+ErTniss]2

BulkG — ZZ cross-sections
——— k=05

« Backgrounds: Z+jets (data-driven using y el

+je1-5); I"GSOI'ICllTl' WZ, 1-1-2 (MC); non-resonanf _, [ PDF+QCD uncertainties
WW), ttbar (data-driven using eu events)

6(X—=ZZ) (pb)

CMS-PAS-B2G-16-023

10 \ \ L1l ' 111
600 800 1000 1200 1400 1600 1800 2000 2200 2400
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Search for Zy Resonance

* Complementary to a possible yy resonance

 Leptonic search Z(ll)y at low masses

« Boosted hadronic search Z(qq) y at using b-tag info and jet substructire
at high masses

CMS-PAS-EX0-17-005

359" (13 TeV)

35.9 fo' (13 TeV) 359" (13 TeV)

L CMS w=0.014%

§ Lo~ T T L | _ 5 T T T T
= | proiimi ] ig:ms:_CMS w = 0.014% 4 %10 E CMS w = 0.014%
f}lr 100k refiminary — Observed 1 & [ Preliminary —— Observed 1 & [ Preliminary —— Observed
e Expected ] >1<~ — Expected >’E e Expected
X O Expected £ 1sd ] & I Expected + 1 s.d 7 102 : [ Expected + 1 s.d
E Expected£2sd 7| @ 102 Expected + 2 s.d m F Expected + 2 s.d
] x 10 < F
o {1 © e I
c 3
G 1 & § 10F
- I - F
5 Z->ll 15 >
o 7 © 1 e 3 |
3 4 o Z->qq (b-tag) 8 f
S P = —— i 1 L 1 1 | 1 1 10_1 1 1 1 | L 1
460 bt '1000 2000 3000 700 1000 2000 3000 4000 700 1000 2000 3000 4000
Resonance Mass (GeV) Resonance Mass (GeV) Resonance Mass (GeV)
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CMS-PAS-B26G-17-010 '

In many BSM scenarios heavy W’ has

enhanced couplings fo 3™ generation quarks
Split event into 8 event categories, based on
e, u, b=1,2, kinematical A,B with large/smaler
high-top p
W’ mass is reconstructed using lepton, MET
and 2 highest-p; jets

CMS Preliminary 35. 9 fb (1 3 TeV)
a iDL T ™H
=" L —— Theory M << M -
’:§ 10E mreiee Theory M > Mw =
? - —— 95% CL observed -
2 " N 95% CL expected
E 1k e, [ +1o expected -
m C S, [ ] +20 expected =
X [T N, i
a1l _
5 100 R O E
= Ny, N 3
T :
e..L T
Chal: %
—l PRRTT S S NS ST SN TN SN T T SN SO SN ST SN S T SO SN ST SN ST S S N |

1000 1500 2000 2500 3000 3500 4000
W' Mass [GeV]

27-JUNE-2017

M,, > 3.4/3.6 TeV
@ 95 % C.L.

Events / bin

(Data-Bkg)/o,,

10°E

-
<

2
1
0

ANDREW IVANOV, KSU

10°E
10?

10E

W’->tb In I+jets state

CMS Preliminary

35.9 b (13 TeV)

@ Data
.W—)l\' + 2y T+ W
[t + single-Top
===W'p, m=20TeV
v W, m=25TeV
- W' m=30TeV
¥¥ 1c background uncertainty

...........................

500 1000 1500 2000 2500 3000 3500 4000 4500 5000

] CMS Preliminary

- 95% CL Observed
N A T

M, (GeV)
3591 (13 TeV) —
%
C
3000 ;

0 0.2 04




Search for Di-Jet Resonances

« Any resonance coupling to quarks/ gluons.
* Strong production -> high rate, high mass reach

* Dedicated low-mass and high-mass searches

CMS-PAS-EX0-16-056

* Data scouting at low-masses: low trigger threshold by storing

reduced info

Fit to line-
shapes of
detector
resolution
gaussians
convoluted
with
theoretical
BW shapes

27-JUNE-2017

27 ' (13 TeV)

% 10° CMS preliminary ¢+ Data
E . — Fit
g e gg (0.75 TeV)
E:=104 - ag (1.20 TeV)
= -+-gq (1.60 TeV)
B 10°
©
10°
10 B 7
1 ¥ I ndf=203120=10
Wide Calo-jets
. 049 <m <204 TeV
10° <25 An <13
> 3 " hededd b l edoal l 1 L

TIE 2F
s|e
(8 Of
Qlc -1
=12 "'2. ) i : £ :

-3 . i 1 i 1 §

06 08 1 12 14 16 18 2

Dijet mass [TeV]

ANDREW IVANOV, KSU

36 b’ (13 TeV)
% 10 CMS Ereliminary ¢+ Data
E 1 =i
g Foe,., e gg (2.0 TeV)
— 10 ag (4.0 TeV)
5 : - qq (6.0 TeV)
*]
©
10
10
F £ Indf=389/39=10
107 Wide PF-jets
>1.25TeV
10 m<2.5. An|<1.3
> 3 A A A L ' L 1
L'f g 2" .................................................
&, g 1» ......................................
5|8 OF
D : _1’. sosomadB T8 henaassssssonmedesssssoliilecssssoonmenssss GMens sttt ssoamess 3 ossoamecssssss
-3

4 5 6 78

Dijet mass [TeV]
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Di-Jet Interpretations

* Predicted by BSM models: axigluons, colorons, W'/Z’
bosons, color octet scalars, string resonances, RS, efc.

CMS-PAS-EX0-16-056
Observed _ 108 c 1 1
Model Final 36fb! & 10* T e quarc
State 13 TeV :5 103 A e gxigluo:{colorr"(on
Str lng qg 7.7 (7.7) ad) . ‘ \ Color-oct?at scalar (K’ = 1/2)
Scalar diquark qq 7.2(74) X 1024 oy
Axigluon,/coloron @ 61(60) ° 10f N\ . o
Excited quark qg 6.0(5.8) 1, - °
Color-octet scalar (k2 = 1/2) gg  3.4(3.6) 0k YR
w’ qq 3'3 (3'6) 10—2E h...r“. N . x
Z qq 2.7(29) 5F 95% CLiimits e, SoRaea e
RS Graviton (k/ Mp; = 0.1) qq, gg 1.7 (2.1) 10 £ ——gluongluon "33
DM Mediator (mpy =1GeV) qq 2.6 (2.5) 1045'__: g;::ﬁﬁ[?;i N
10— 1 L1l Ll 11 Ll 11 (I | Ll Pl ™S R A
Up to 7.7 TeV 2z 3 4 5 6 7 8

27-JUNE-2017

ANDREW IVANOV, KSU

Resonance mass [TeV]
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Low-mass Di-Jet Search

* Search for resonance produced at high-p; with decay (MS-PAS-EX0-17-001
products merged into a single jet

* Event signature: 2-prong jet +ISR jet
* Trigger on H; or high-p; jet with my . ..4>30-50 GeV
*  Multi-jet background is estimated from control

region

Maximum
local p-value
(2.90)
corresponds
tom(Z’) = 115
GeV, global p-
value = 2.20

27-JUNE-2017

Number of events/5 GeV

Data/Prediction

- T — T T 1 T -
400 — —e— Data —]

- p,: 900-1000 GeV 899 Multijet pred. =
350 —— Total SM pred. _7

i —— W- qq+jets 3
300 — —— Z- qqtjets _

- Z'(qq), gq=1/6, mz'=1 35 GeV 3
250 — —
200 — —
150 | —
100 | ]

CMS Preliminary 35.9f7 (13 TeV)

AK8 mCy" (GeV)
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04

10°

10°F

CMS Preliminary
LCLELELE B

35.9fb" (13 TeV)

—— Observed

Expected

+ 1 std. deviation

+ 2 std. deviation

e - theory, 9,= 0.17 .
-------- theory, 9,= 0.08 ]
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Simplified model

Collider
< .
production

X q A

c

ol

m) oo

Q|

o

X q

Freeze-out,

>

indirect detection

* Interpretfation within Simplified models

* Four parameters: DM mass, Mediator mass, SM and DM
couplings

« Couplings chose to keep the mediator width/mass below ~10%



Mono-X Searches

* Trigger on Initial State Radiation
* Search for mono-object recoiling against

DM(m,) MET
* Main backgrounds: Z(vv)+jets, W(lv)+jets
DM(m,) (lost Iepfor%

* Background estimation usin? control
regions: ll+jets, y+jets, l+jefs

35917 (13 TeV) 359 b (13 TeV)
6

% 10 LI | 17T | LI | | T T Dlaml LI I | | L %

O 405k CMS Preliminary [ 2oy O CMS Preliminary [ ziv)-jets

; monojet 3 woviries ; mono-V [ wivpiess

"g 104 B wwwzzz "g B wwwzizz

> 3 - Top quark > - Top quark

w10 [ zev0n, v+iets w ) zivm). vjets

102 Jeco [ Jaco

Higgs invisible, m = 125 GeV Higgs invisible, m =125 GeV

= Axial-vector, m_,, =2.0 TeV Axial-vector, m _ =2.0 TeV

# Events

102
B 1
<
8
o
-4
B
~ o o
> s
E miss [Gev] L 1 1 L L L 1 L é l L I 1 I L I L I L I L l '
T 400 600 800 1000 1200 1400 300 400 500 600 700 800 9S00 1000

ET™ [GeV] ET** [GeV]
27-JUNE-2017 ANDREW IVANOV, KSU CMS_PAS_EXO_-' 6_048 19




Mono-X Searches

* Search for mono-object recoiling
against MET

CMS-PAS-EXO-16-054
CMS-PAS-EXO-16-052
35910 (13 TeV) Mono-H-yy
> N N 1 N N N 1 ' ' ' 1
5 feom owe e A VAR
0] mz — ZH(125) 9 >10 Droliminan, — Dat ' DY+
2 -z __DM.Vectorcouping  Preliminary 3 8 CMS Preliminary - = ' T LEW,Z
) [ Other bkg. My, = 150 GeV, m =500 GeV cetuy [ h - vy (9gF VBF tth) [JQCD, 71 + jets
E 102 Nonresonant N\ Bkg. unc. \1 02 Bl zz, 2w+ yy /v
Q 3_ jg 23 Stat. Unc.
> -
w 3 ()] » ==+ 2HDM, m,, = 600 GeV, m, = 300 GeV
10 Mono-Z 3 LI>J 10 4 = Baryonic, m_ = 10 GeV, m_=1GeV
1 5 1

10°
2

102 107°E
d)2 T 10—;llllllIIIIIIIIIIIIIIIIIIIIIII
% 15 N 21'5 1 ) s
= === g 1
Sosp___ : L . ...

200 400 .. 600 0 50 100 150 200 250 300
Er [GeV] prTmss [GeV]
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Searching for Mediator

q q
* Recycle di-jet searches

Yq 9q
CMS Preliminary LHCP 2017
2000 LI 1 LI L LIFA L L L} Ll LI LIS LI l
q (q %‘ T T T T T MABPZSE 7
(0, 1800 Q| Axial-vector mediator : MMed-zmeM —
EE 1600 ) Q12012 |
@ 1400 7 " -
% % Exclusion at 95% CL .
£ 1200 b —
o E Ob: d =
< 1000 - - =+ Expected —]
o ; ____ Dijet (35.91b7) -
£ 800 O [EXO-16-056] —
* DM exclusions up ¥ B | 8, ; — Bora 1 3
to 7500 GeV o PN L0, | ot
400 ) . £ G& q_), DM+ y (129" —]
* Vector mediator up ., L 5 Boteoss |3
fo ~2000 GeV R, . Bol™ )2
0 % wdi |}|/| R 4 || [ TR T T U SN SN SO SO W NN N A
0 500 1000 1500 2000 2500 3000 3500 _ 4000 4500
Mono-Z Mediator mass M__, [GeV]
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Dark Matter Summary

* Comparison with direct detection limits as a function of DM-nucleon
scattering cross section

* Collider constraints are more stringent at low dark matter masses and
spin-dependent cross sections

CMS Prehmlnary LHCP 201 7 CMs Prehmlnary LHCP 201 7 CMS observed exclusion 90% CL
(E! 10_35 T LY | r)y,! T T T TTT] T LU | o T —TTTTTT TTTTT T ™TTTTTT7T Axial-veclormed.,DiracDM;gq=0.25.g:w=1.0
¢ £ ;

L 107 O, 10 ¥ Boosted dijet (35.9 fb'")

é § [EXO-17-001]

37

§ 10 g 107 Dijet (35.8 o)

: -38 o= [EXO-16-056]
Ebg 10 —— 9 1073

DM +jV,_ (359 ')

//
M\
10°% ) J%
\\ T T T T I I I II I IITITY. ) — [EXO-16-048)
10—40 T il _40 ' )
10 DM+ y (128 )
. [EXO-16-039]

~41
107 ¢ YOI IIIIIIIIIIIIIIIIIIIIIYi

Y e

E | Ldi 1074 _ e DM +2, (35917

10742 [EXC-16-052]
10743 1072 DD/ID observed exclusion 90% CL
44 VIIIIIIIIIIII IV e PICASSO
10 43 T [arXiv:1611.01499]
10 PICO-60

104 T [arXiv:1702.07666]
~ Super-K (bb)

107 107 E [arXiv:1503.04856]
_____ lceCube (bb)

10—47 1 o s aaaal ! oo el 1 [ IllI|3 10_45 \ Lo v a1l N L oa o1 el {arﬁv.‘;gztzi.)05949]

1 10 10 10 1 10 102 10° ceCu
[arXiv:1601.00653]
Dark matter mass m,, [GeV] Dark matter mass m_,, [GeV]
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SUSY particles

SUSY is around the
corner

Which one?

Lept For icle () Slept SUSY f
‘ eptons . ce particles Q eptons 0 il k’grce
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SUSY Signatures

 Simplified model interpretations (BR=1, 2D-parameter scan)

* Squark and gluino production
* Strong production
* High cross section
* Jets and missing E;

3™ generation squarks
* Lower cross section
* B-tagging

* Electroweak production
* Low cross section, mass scale
* Multi-lepton with missing E;

* R-parity violating scenarios
* No missing E;, jets (and leptons)
* High jet multiplicity, resonances

27-JUNE-2017 ANDREW IVANOV, KSU



largest

SUSY Signatures

smallest

branching ratio

O leptons

OL +2-6jets ,

1 lepton

1L+ jetg

P W

2 leptons

2L (on-2) -: jet(sl

d SM background

2 SS/3 leptons

2SS/ 3L +jets
g 9 (/v
(/v

* Various signal regions fo cover large range of models

27-JUNE-2017
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Entries

Data/Est.

CMS 359 (13 TeV)
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1 Jet iH, [250,450] 1 H, [450,575) H, [575,1000] H, [1000,1500] H; > 1500 GeV
10° 0b b ¢ : -@- Data

10*
10°
10?

10

107"

Pre-fit E:)ackground

Multijet
I Lost lepton
BZovwW

107

e e ey o ey

[max (M (1), M(Tz))]

4

Ny (p; > 20 GeV)

v
w

Search for SUSY in Jets+MET

CMS-PAS-SUS-16-036
arXiv:1705.04650

CMS Supplementary (Simulation) arXiv:1603.04053 (13 TeV)

[ muttijet [T wjets
B Top quark [l Z -~ v H, [575, 1000] Gev
r a'd B
\ ¢ 0
\
0| @ | e Je
\
{
| @ |
L o |¢
a4 N N
@] @ ] @ |
9 J
1 2 3 4 5 6 =27

N. (p- > 30 GeV)

* Each region is further
binned based on H; and
MTZ

Backgrounds are grouped by features and estimated from control
regions: Z->Vv, lost lepton, QCD
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Search for SUSY in lepton+jets
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arXiv: 1705.04673

CMS-PAS-SUS-16-042

J  Data driven background estimates
based on control regions (ABCD)
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Search for SUSY in lepton+jets
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gluino
production

squark
production

Strong Production Summary
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Stop Searches
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Stop Searches
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Electroweak Production
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Compressed Spectra
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Electroweak Production Summary

* Over a hundred of different search
regions dependent on # jets, b-
tags, leptons, flavour, charge

Chargino-neutralino production with decays via sleptons with decays via W/Z/H
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GMSB SUSY Searches

hh: CMS-PAS-SUS-16-044 Wy: CMS-PAS-SUS-16-046

Y
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P, X(l) el «----" a < ISSe o ____ é
h
. . . W:I:
* Target higssino production: Two H->bb
*  Pairing is based in min [m,-m,,|
«  Use <m> = %(m,+m,,) as discriminating variable
* Estimate backgrounds in 2b regions, search in 3,4b
,,CMS preiminary 35.9 fb (13 TeV) CMS Preliminary ___ 1 . 35.? b (1 13 TeV)
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CMS .
- Vector-Like Quarks

SM Singlets Doublets Triplets

* Vector-like quarks are extra | *) X\
family of quarks with @G )" o |G (,> (,)
symmetric “vector-like”
couplings to W,Z St B ' :

 Both chiralities have the same vy ity el B IR
representation under the
electroweak group
SU(Z)LX U(I)Y 550(5) = 4s0(a) D 1sow) = (2sv(2), 2s0(2)x) © (1,1)

* Pair-production, strong
mechanism, model-
independent

* Single production, g
electroweak, depends on the 0
mixing with SM quarks 0 7%
t
B
I'-‘r

b t t
,'1‘—>—qflA 1—»—% T B -»—qfv
w+ Z “~H |

w

Minimal model: SO(5) x U(1)/S0(4) x U(1)
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CMS-PAS-B26G-16-019

Pair B / X°3 in Same-Sign Di-leptons

* Signature: 2 same-sign charge leptons + jets OR 3 leptons + jets

* Determine lepton fake rates from lepton-depleted data samples

* Evaluate charge-misID rates using Z->ee events

* Use the matrix method to estimate backgrounds in the signal
region

* Background estimate are validated in control regions, with signal
region cuts inverted

Right Handed X, CMS Preliminary, 35.9 fb” (13 TeV

CMS Preliminary 35.9fb™ (13 TeV) &
B T e remoton : —— 95%CLobsorved - 95% CL expected
10° ANl Channels — H i o . . , .
E % ﬁ::PgI:l:An::D & 1 =+ 1 s.d expected D + 2 s.d expected
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lep
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CMS-PAS-B2G-17-008

Pair X°3 in £ + jets

35.9fb" (13 TeV)

5000 —
* Signature: l+jets, > 1 b-tag - E,e"fgm R v o0 B v
* Categorize events based on the \ Neawen L e
elu+je

>1b, 23 ]

# of W, t-tags 2

 Perform fit min M[l,b] variable &

* Validate MC modeling in signal-
depleted regions

o

o

o
""IIIIIIIIIIIIIIIIIIIlIIIll

359 fb" (13 TeV _ 35.9 b7 (13 TeV, l
10° - CMS — Xg,Xs; LH (0.9 TeV) | QCD CcMS — X53Xs;3 LH (0.9 TeV) [l EWK
Protrkiery e 102 | projiminary e X Xoy RH (1.2 TeV) | TOP 0 200 400 600 800 1000
A 10° X5,3X53 RH (1.2 TeV) [l EWK A < Bl b min[M(l,b)] [GeV]
% 102 Bkg uncert TOP %’ 10 g uncert ¢ Data — i
o ot ¢ Data o ) Q 4L —
S 10 it 3’5{’?‘5, TR 1 . oewj;;sb‘ w4 g 'F CM.S. 95% CL observed +1sd.
£ 1 £ 10~ “a [ Preliminary 95% CL expected [(J+2sd.
:>: S 102 o |>{ i | Signal cross section
v S LR | e
w0 e S0 <
_ E X;/3Xs513 - RH
g 2
2l o
a| -1
ol -2 10—2 -
0 200 200 600 800 7000 0 200 300 600 800 1000 E
min[M(l,b)] [GeV] min[M(l,b)] [GeV] C
. 359 fb"' (13 TeV _ 35.9fb" (13 TeV -

O Ecms — XgXg, LH (0.9 TeV) | QCD .F-cms — XgXg, LH (0.9 TeV) [l EWK T T T TR SO B T
A 10° Preliminary ene xmim RH (1_2 TeV) - EWK A Preliminary === xslaxslg RH (1-2 TeV) TOP 800 900 1000 1100 1200 1300 1400 1500 1600
> 102 S Bkg uncert TOP > 10 Y Bkg uncert ¢ Data X;,3 mass [GeV]
8 10 elutjets ¢+ Data 8 1 elutjets
ray 21t, 21 W, 1b, 24 > 21,21 W, 22 b, 24j

210" | X H H
§ § Wiy LH(singlet or triplet) / RH(doublet)
w10° | -
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K BR (X>tW)= 100%
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min[M(l,b)] [GeV] min[M(l,b)] [GeV1]
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CMS PAS B2G-17-003 -

CMS
/5 Pair T/Y-*3in{ + jets

* Focus on bWbW decays b-jet
e Perform a kinematic fit identical to the
one used in top quark mass measurement .
* Highly boosted W bosons merge into
single jets
* Use W-tag sub-jets for the fit input
“Wide” jet
) 35.6(e), 35.8 (1) fo' (13 TeV) 1 35.6(e), 3.8 (1) o' (13 TeV)
€ 100 i "8_\ = .. = Observed limit (95% C.L.
:>.: E CMS Prehm,nary ’;: E CMS Prellm’nary ------ SZdian :xlpecttgsli:nifl-)
[ 2 [ 68% expected limit
L |:] other b_aCkgrounds D: R [ 95% exzected limit
" - % @ e 10 x TT (1300 GeV) © 40 '"'~,~‘~ - TT production, B(bW) = 1.0
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BR (T>Wb) = 100%
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Partially merged
hadronic top
(W jet + b jet)

D
so

Fully merged
hadronic top jet

27-JUNE-2017

forward jet ¢

CMS-PAS-B2G-17-007
Single T->tZ

Signature: Z->ee/uu + jets, > lb-tag

* Categorize events based on # of W, t-tags and forward jets
* Reconstruct mass of the T quark as M(tZ)
* Data-driven backgrounds based on Ob-control region
35.9 fb (2016, 13 TeV) 35.9 b (2016, 13 TeV)
60-CMS - (Z)/gi?gt/:d g | CMS Observed
r Preliminary B 1 and single-top = 10§ Preliminary [ 68% expected
50F B VV (V=Zor W) g Y 95% expected
E o uvandtZa(V-ZorW) I G(NLO), C(bW)=0.5, B(tZ)=0.25
40 E'Tgi%é%u?m;n?:vf S—i’)’ j; e width/mass = 0
N3 Tin2n + il + 2icts o Singlet M; > 1.2 TeV
o ittt . @ 95 % C.L.
: | : C(bW) = 0.5
. . BR(TAW)=25%
s e AR R S R R R g
§ i %E»*,_I_, - M; [TeV]
505; aala
© 07500 800 1000 1200 1400 1600 1800 2000 35.9 fb" (2016, 13 TeV)
My 10p [GEV] o) an 9
£ ,,.CMS —— Observed s gN/I.S T igemed o widtimase - 20%
2 a5 Preliminary =§§1§;:§9;%\1/3\52mw) ° Lar‘ge. é‘ L refiminary  __ o), singlet T(b) - widthimass = 30%
> S R couplings <-> 1 &
7 Tin2u + 1top jet 8 o L
20 @ large widths = I
15 .7 -
0  Similar limits 8 R
© - L,
x for larger [ S N S
e quark widths __ |
£0.5¢ [ I T T B D N PR e
g oF 08 0.9 1 11 12 13 14 15 16_ 1.7
600 800 1000 1200 1400 1600n;;2f:) [2G(|)g\0/] MT[TeV]
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Events / 150 GeV

0 200 400 600

CMS-PAS-EX0-17-006 -

Type-lll See-saw mechanism

* Type III refers fo heavy neutrino mass
arising via mediation of massive fermion
partners

* Search for electroweak production of exotic
heavy leptons in multi-lepton final states

=+ =+, . .
T2 > WY * Signal regions :
+ +
« 3> Z/HI®
° 0 _ |+ Nieptons ~ OSSF  Kinematic Variable CR-veto
2 > W I above-Z Lt + ET*® -
3 below-Z L + Emiss ERiss > 50 GeV
none Ly + Emiss -
1 pair Lt + EF™ -
2 pairs Lt + Efiss E™ss > 50 GeV if on-Z
on-Z My ERss > 100 GeV
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Conclusions

CMSK(andIATLAS) anjexplorationiofinew energy scale (13
usingjlargelppicollisionsidataseti(361inv-ifb) and large number of
physicsianalysesiinfa «mul’rlple number oftfinal states” *
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* No evidence For new physncs SO Far 8

{
* LHC will continue faking data until the end of 2018, expecting to
collect 3-4 fimes more data than used in analyses presented today

* Detector upgrades are underway to prepare for high-luminosity data-
taking, with eventually 100x fold increase in statistics




