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\ [Introduction

. Analyses use third generation
quarks as a probe for new
physics

* Heavy resonance decaying to
third generation quarks

« 7' > tt
« W > tb
* With an intermediate VLQ
« 7' > tT .
* Leptoquark pair production LW\< »

* LQ > Tt \O
* LQ - ut NG
-],




pact Muon Solenoid

* Sea r\ches generally involve tagging
heavy boosted objects (ex. top,W,H)
merged into a single jet

* Softdrop mass

* Decluster until softdrop condition
Is met

e Groomed mass variableand
subjets identified

* N-subjettiness

* |dentify subjet axes, and extract
Ty variables

« '3/, - “three-prong” like
« '2/¢ - “two-prong” like
* Subjet b tagging
* Attempt to b tag softdrop subjets
* |dentify one or two subjets

\% Introduction

Softdrop condition

min(pr1, p12) > 2(ARy/Ro)P

P11 + P12

N-subjettiness

Q.Ii—‘

Y prmin{ARy;, ARy, ..., ARN, }
i




,%mpact Muon Solenoid

7' — tt

. Searéh for a heavyZ’' resonance decayingto a
top quark pair

e Search in multiple channels

* Two hadronictops
(all hadronic)

* One hadronictop and one semileptonictop
(semileptonic)

* Two semileptonictops
(dileptonic)

* Considertwosignal hypotheses
* Heavy Z' and RSgluon

* Heavy resonance leads to merged objects
* Use boosted hadronictop identification
* Leptonisolation startsto break down

Link: CMS-PAS-B2G-17-017




All hadronic
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o N | 36|fb'1(|13|Te|V)
E— . . s [ CMS Preli|minary e 0 btag 1
* Require two top tagged jets 015 oY auste  tog
. "é’ - —e— 2 b-tag
* T3 /T,, Softdrop mass, Subjet b % or :
tag (0'1' Or. 2.) . ) '++++_._—¢—_+_ ]
 Select on rapidity difference 00ke L e L e -
- AR<1.0,AR > 1.0 I .
. . 500 1000 2000 3000
* Estimate QCD background using Jet Momentum [GeV]
anti tag and probe ,  Mswzw  asmlaeTey
* Invert Nsubjettiness selection $ O iy o
103 S T Z’' 4.0 TeV, 1% width 3
102— -

Pull




Semileptonic

Compact Muon Solenoid

7' — tt

o RS S(3Te)

B0 OMS e

* Selection o ML e |
* One lepton (e or p) ool

* Two jets, one with high py :

* Hadronic top tag categories (Oor 1) g /T -

* High p’rrniss | O';.} """" gl

Wi+jets BDT response

* No lepton isolation cut

u+ets, 1ttag 36 fb' (13 TeV)

* Use BDT selection to separate W+jets & «ious oz

* 10 inputs
* Reconstruct tt system using x>

Pull




%ﬂ Muon Solenoid

* Sel
* Two opposite sign leptons (e or )
Two jets, one with high pt
At least one b tag

* Use ARgym = AR 1+AR; ), to categorize
events

ection

miss

High pr

No leptonisolation cut

* Boosted: ARy <1
* Resolved: 1< ARgym <2

* Background CR: ARgym > 2
* Set limits using S distribution

Njet

STEZ

1=1

2
pr; + ZPTZ- +
i=1

Dileptonic

Events

o
[=}
o

36 b (13 TeV)
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7' — tt

36 b (13 TeV)

* Limits set using RSGluon and Z' TECMS E
signal hypotheses vs s oxt
* Limits extended g
* 3.8 TeV for the narrow Z’ —
hypothesis %]
* 4.6 TeV for the RSGluon _ st (13 TeV
hypothesis i S
2" e o
10 Combination (0l + 11 + 21)

95% CL Limiton o, x B




A )

* Search for a heavy W'
resonance decaying to a top
qguark and bottom quark

* Semileptonic final state

 Set generic limits of left- and
right-handed W' couplings

szifj r iJj iJj L
L = 9w [iVp [a{zfj(l - 75) - a{ fJ(l — 75)] W't f; + h.c.

= o

Link:physletb.2017.12.006

“Search for heavy resonances decaying to a top quark and a bottom quark in the
lepton+jets final state in proton-proton collisions at 13TeV”, Phys. Lett. B 777 (2018) 39
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W' = tb

— e S8 13T
e Selection g o E
* One lepton (e or ) ) Fons e
* Two jets, one with high pr G
* Btag categories (1,2)
* High pss
* No leptonisolation cut

1000 2000 3000 4000 5000

Events / bin

lYIllllI‘lllll|Y|l||IIIIIYIIllllYllllllYllllllll:
* Toppr, (i1 +j2)p
O T ’ 1 2 T u-ets 8% background uncertainty ?

* Use kinematic categorization for M, (GO
10°F CMS ; VDVa—t:V +ZIT W
opp, } Type B op TS e

. . . 35.9fb" (13 TeV)
limit setting
[ tt + single t _;
----- W', at 3000 GeV —

Type A

i +i 1000 2000 3000 4000 500
(,%1,) p, M, (GeV)
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359" (13 TeV)

| | . 3 j T T T T I T T T T T T T T T T T T | T T T T | T T T T t
* Backgrounds from Monte Carlo with data control e [ CMS —— Wysignal M, <<M,) |
regions = 10 g —— W', signal (Mv,,> My,.) 3
_ T - —— Observed limit (95% CL)
* Investigate dilepton tt to check top pt spectrum o, 0 e Expected limit (95% CL)

- 68% expected
\:I 95% expected

* UseO b tag region to investigate W+jets shape and %;
normalization x

IIHHll | Illlllll | IHHHI

* Limits set on Wy hypothesis 0'510_1 3
* My >>M  --Exclude My, < 3.4 TeV
R UR R B
2
* My <M --Exclude My < 3.6 TeV 107¢
R Ur R E
1 1 1 _l 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 |—
* Limits setin aj,,ag plane 1000 1500 2000 2500 3000 3500 4000
* Left- and right-handed W’ couplings My, (GeV)
Observed Expected
.1 CMS 35.9 fb! (13 TeV) 3600 ~ w1 CMS 35.9 fo (13 TeV) 3600 —~
= 3400 ° 3400 o
3 oo = 8 00 &
: = : =
0.6_ 0.6_
04 04]
021 -11600 0.21- -11600
: 95% CI_i Expectet? —1400 : 95% CL‘ Ohserve(li /1400
% ~"02 04 06 o8 1 1200 O 02 04 06 0§ 1 1200
ay, ay,
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. Search for a heavy Z' resonance decaying to a top and
a TVLQin the lepton+jets channel

e Tdecaysin tobW,tH,tZ analyzed
* Use multiple boosted jet categories

° Hlb’ sz,Z,W

* Reconstruct Z’ based on presence of a hadronic top
tag

e Event contains hadronic top tag
* Leptonic top from lepton, MET, and AK4 jet
* Event does not contain hadronic top tag

e AK4 jets are assigned to either leptonic or
hadronic top

* Construct Xz to assign AK4 jets

Link: CMS-PAS-B2G-17-015




s W channel
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* Primary backgrounds tt and 5 :
1 10 Preliminary Mt M;=12TeV 3
W+Jets . W+lets —M, =1.5TeV 1

10 DY+ST M, =2.0 TeV 7§

* |Invert boson mass selection o
to simultaneously constrain o

* WH+jets sideband from 0 b—

35.9fb™" (13 TeV)
T

Events

Tot.unc. —M, =2.5TeV _f

i t t E 1.5’¢ +
Je S Ca ego ry S| vocest ooty JYL$+++
— T 05F ;
* ttsideband from=1bjet—— " e me e o
>° [Ge
Category " Guclhalnn?l‘ s I3|5.s|9ft|3"(|13|TgV)
< 10
] . CMS -o-Data T—Ht
* Shape taken from simulation E 0 by WO W
— 10 DY+ST Mi —20Tev
Tot. unc. — M, =2.5TeV
S dpeseeentetennernntentti
g oosp | | ;
079000 2000 3000 4000

MZ° [GeV]
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7" = tT

* Set limits using two

benchmark models
e Extra dimension model —
* Composite model
* best sensitivity for T — tH

Events

Data / Pred.

Higgs 2b muon channel

w channel sz +ttag 35.9fb" (13 TeV)
= T g
: CMS +Data  T—Ht

[ M. =1.2TeV

£ Preliminary mt T € E
F W+lets —M, =1.5TeV 3
L DY+ST M, =2.0TeV ]
E Tot.unc. —M, =25TeV 3

P I
1000

PRI B PR
3000 4000
M° [GeV]

Top tagged

P R
2000

Events

Data / Pred.

35 9 fb (13 TeV

) 103 g I I 95 / CL I its M;=1.2T V 3
E upper limits M = € E
% B CMS B(T — Wb,Ht,Zt) = 50%,25%,25% 7]
imil G — 1T,

X 102 E Prellm/nary tan 6=0.44, sin ® _=0.6, Y. =33
F‘ E -------- Expected E
1‘ 10 3 - 68% expected E
—> T ; 95% expected ;
% 1 E_ — Observed _E
=1 i ;
107 E
1072 I —_ * |

1500 2000 2500
M, [GeV]

35 9 fb 13 TeV

102 5 CL I : - 3

E 95/ upper limits MT= 1.2 T V =

e CMS B(T —)WI:?FI)-It ,Zt) = 0%,50%. 50/e .

10 [ Preliminary P tTy=c=e=1,6,=3 ]

E e Expected _E

- - 68% expected ]

u channel H2b+ no t tag ' :T,s? ﬂ?-1 ('13|T¢?V) 1 i 95% expected |
E_ CMS * Data Lla_H1 t2 Tev E Observed E
= Preliminary Mt T ] i i
E W+lets —M, =15TeV | B T
3 DY+ST M, =20TeV 107 =
- Tot. unc. —M, =25TeV F E
107 E

F ) . ] . . L

1500 2000 2500
M, [GeV]
T - bWand T - tZ also covered by:
PN St I o B2G-16-013 (JHEP 09 (2017)053)
MZ° [GeV] and
Not top tagged B2G-17-007 (Phys. Lett. B 781(2018)574)




LQ — £t

 Searches for third generation
scalar leptoquarks

* Non-zero lepton and baryon

numbers ’
* Decay to third generation quark *
and lepton
* top+T
° top+u g

Link:CMS-PAS-B2G-16-027,arxiv:1803.02864

CMS Collaboration, “Search for third-generation scalar leptoquarks decaying to a top
quark and a 7 lepton at /s = 13 TeV”

LQ

LQ

LQ

LQ




%mpact Muon Solenoid

[

LQ — Tt
"« Selection 3 w< q
* One lepton (e or p) \\ L(j,/tL’\ b

* Three jets

* T tag categories (1or = 2) ol b
¢ Ne=1 N V/W<

* Limits set using the hadronic

top pflf’p variablein bins of St § e e ]

« Ny >?2 E LT e

« Counting experiment R

* Background estimation 02 ]

* Invert T isolation to extract : o
misidentified T background o 1sE T |

* Extrapolateto signalregionusing & =~ L

ratio from MC 0 200 400 600 800 10£O[G;\f]00

* Prompt T background from simulation NEMC

tt, MC
Ner

tt,data data other, MC
Ngg " = <NCR — Ner )



( \ K,‘ | M )
* Selection W+,<
. ’ q,v

* Two oppositely charged muons \ LQ_ .4
* Atleasttwo jets, one b tagged -’ ’
¢ ngh ST

* High M, PAVANE :

* Additional lepton categories . \<
* One additionalelectron or muon g .7

* Set limits using MLQ =1/, (Mlep+Mhad)
 Reconstructusing x? , , 2
* Allremainingevents 2 _ (Mt Mt> n (Mt Mt> n (AM[%—AM[QQ)
*  Set limits using St oM lep oM /had oA
e Background estimate from data
* Define zero muon control region

Extrapolate from control region using MC ratio as a function of St
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LQ — £t

e Limit combination

35.9fb" (13 TeV)

> T T T ‘ T T T | T T T ‘ T T T | T ‘

8 1 E_ CMS - Data [ 1, & Wajets

~ r -ﬁp Single t

2 [ Z+jets we LQ, 400 GeV . . .
N —aeoer - 1ormocer ] Combined limits
L E
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Summary

* Exciting new results from CMS
* Heavy bosons to 3™ generation quarks
e Z' >ttt W > tb
* Including an internal VLQ
«Z' - tT
* Leptoquark pair production
* LQ —» tt, LQ — ut

* New methods push sensitivity beyond expected
iImprovement

* Looking forward to new results using 2017 and 2018
data
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