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Outline

CMS DETECTOR STEEL RETURN YOKE
I d ° Total weight : 14,000 tonnes 12,500 tonnes SILICON TRACKERS
n t ro u Ctl O n Overall diameter :15.0m Pixel (100x150 ym) ~16m* ~66M channels

Overall length :28.7m Microstrips (80x180 pm) ~200m? ~9.6M channels
Magnetic field  :3.8T
o SUPERCONDUCTING SOLENOID
Te C h n I q u e S g = Niobium titanium coil carrying ~18,000A

MUON CHAMBERS
Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
Endcaps: 468 Cathode Strip, 432 Resistive Plate Chambers

Scope of the talk
0 tE resonance

o W —tb

nZ —Tt

0 tREE - tgtg

PRESHOWER
Silicon strips ~16m* ~137,000 channels

FORWARD CALORIMETER
Steel + Quartz fibres ~2,000 Channels

Summary

CRYSTAL
ELECTROMAGNETIC
CALORIMETER (ECAL)
~76,000 scintillating PbWO, crystals

HADRON CALORIMETER (HCAL)

Brass + Plastic scintillator ~7,000 channels
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Introduction

Unsolved hierarchy problem leads to development of many BSM theories

Many such extensions of SM predict new interactions
0 Enhanced coupling to third-generation quarks
0 Leads to new heavy resonances decaying to third-generation quarks
o Massive gauge bosons like Z’ or W’ (PLB 387 (1996) 113, PRD 64 (2001) 035002, PLB 383 (1996) 345)

KK excitations of gluons (PRD 77 (2008) 015003)
Gravitons in extensions of RS model (PRL 84 (2000) 2080, PRL 83 (1999) 3370)

Composite Higgs models (JHEP 12 (2014) 126)

Heavy gluon models (JHEP 01 (2012) 157) { {
Focus on high mass searches 7 W
o Experimental challenges e -
o |dentification of b-jets (at high pT)
o Sub-structure based boosted top-tagging , i

o Lepton isolation for boosted tops
o Theoretical & modeling uncertainties on top physics
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Technigues for boosted scenarios

Hadronic decays: use substructure Leptonic decays: non-isolated leptons
property of fatjets 0 p,; dependent isolation cone

0 Non-isolated leptons (2D cut)

Methods: top-tagging » AR(l jet) > 0.4 or

0 Anti-k; jets (R = 0.8) reclustered with CA

° /
Sleorithm p;¢>20 or (50,60) GeV CMS PAS B2G-15-002
8 CMS Simulation 13 TeV
. . o '|""|)'_"'|""
O Jet mass reconstruction: soft drop grooming . leplonsets. _ 261" (13TeV) E b h
(e L - T
o Removal of soft wide angle radiation 8 15 CMS g [ TN
g [ AK8 jets with p,_>500 GeV, | < 24,7 <0.69 [ -
o Reconstruct sub-jets 2 L 4 om , 18 [ T
g 100~ I Matched to top quark | c [ T
. . el . . L - [ Unmatched to top quark T
0 N-subjettiness 7,: probability jets contains 2Tt : C Zo M =2Te :
. B N AR,p selection (muon)
n su b'J ets 50: o1 AR, p:‘ selection (electron)
[ wesessnaes Mini-isolation (muon)
0 B-tagsu b_jet 110<mg, <210 GeV [ Mini-isolation (electron) :
& 1,,<0.69 (Tagger) g o B S T R XL
. 0.5/ Prompt lepton efficiency
B_tagglng: CSV tagger 5 0~ "50 100 150 200 250 800
Jet soft-drop mass [GeV]
JHEP07(2017)001
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JHEP07(2017)001

tt b a r reSO n a n Ce arXiv:1704.03366
Resonance: Z’-like bosons, KK gluon resonance in RS model
All hadronic channel Semileptonic channel
0 Use 2 t-tag AK8 jets 0 Use non-isolated (2D cuts) leptons, jets, E;™!s
0 Back-to-back topology |Ag| > 2.1 a Reconstruct M, from leptons, jets, E;™s
0 Backgrounds: SM tt, non-top multijet (NTMJ) 0 Backgrounds: SM tt, W+jets
e . Bviciozbiag 2610 (13TeV) . e+jets, 11 tag 2.6 b (13 TeV)
0 Categorization: 3 [oms A I a Mutually exclusively = SN
> (By>1,Ay<1)x g "y o ian categorization: g Tl
(0, 1, 2 b-tag) 5 > (e, mu) x 2 R
(Ay: rapidity difference R (1 t-tag, O t-tag & 1 b-tag @ o _
between 2 AKS jets) i ) 0 t-tag & O b-tag) ;
E 3 1E 4
A Tl : , 3
g ] 2 asE T
i, L [
-50(|) IIIIII 1O|0015100 ‘20|00E:‘H“2|5.00 8 0'5_..,.“.‘.,.‘.1 ...... T. .olTH’H,Hﬂ 1,
0 1000 2000 3000

M, [GeV] M [GeV]
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. JHEP07(2017)001
2.6 fb' (13 TeV) .
210 F o e P Model-independent search ,xiv:1704.03366
~'°F T Sxpected No excess observed
m 10° P +1 s.d. exp.
S10%E W el e 95% CL cross-section limits set as
0% width (NLO) .
10 function of M.,
_: o Theoretical interpretation:
118_2 o 7' & KK gluon excitations in RS model
107° Limits also presented as a function of
10 58795 2 55 3 35 4 width of 7’
M,. [TeV]
Q e 2.6 fb” (13 TeV) = 261" (13 TeV)
U _% 10° (I;MSI | —— Observed i E CMS /’/
C ?x104 -------- Expected = E = Observed == Expected ~’./
m %x 108 B 41 s.d. exp. _T | B +1s.d. exp. +2 5.d. exp. ./‘,
(G < 102 +2 s.d. exp. % | = Z'3TeV(NLO) _/',
O o o Nl T RS gluon (LO x 1.3) X-. |
n 1 & 10
GL) 107"
(- 1072 L
qe) 1072 Call
= 10 b g 10?14 e
:Ij M, [TeV] I,/ M,



CMS-B2G-17-010 ; CERN-EP-2017-196

) + arXiv:1708.08539
W 2> t+b
35.9 b (13 TeV)
Heavy W’ resonance decaying to tb f\j : 'CM'S ';V'MIJ'
0 Enhanced in some models I - g ety
o Complementary to W = v or WZ searches b e
T Type B: p{t) > 650 GeV/

Hadronic or leptonic top decays

Backgrounds: ttbar, W+jets (main)
o Others: single-top, VV, Z+jets, multijet

[+jets: (results from 2015 & 2016)

0 High p; e/ (2D cuts), 2 2 jets, 2 1 b-tag, E;™S, p;* > 250 GeV

1000

top: p;(t) > 250 GeV, : m; < 250 GeV, py1*2> 350 GeV

Q
a M, reconstructed from lepton, E;™s$, &2 jets
o (e,u) x (1,2 b-tags) x (Kinematical Type A, B)

Hadronic: (only 2015 results)
o 2jets with 1t-tag & 1 b-tag
o M, reconstructed from 2 AKS jets
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2000 3000 4000 5000
M, (GeV)

Type A: same selection

& p/12> 700 GeV
Improves sensitivity to

high signal masses

35.9fb" (13 TeV)
lll]lllIIIlll]lllIIIIII]YIIIIIIIINIIIIIIIITIIIII

= 5[ T |
f 10 ? —¢— Data §
% - _ CMS I Wolv + Ziy*IT + WV _
o E [ tt + single t E
w 3 p+jets &% background uncertainty
10°F  TypeBN =1 L. W', at 2000 GeV 3
E W', at 2500 GeV
L W', at 3000 GeV 3

1000 2000 3000 4000 5000
My, (GeV)



CMS-B2G-17-010 ; CERN-EP-2017-196

W 2>t+Db

No excess observed. Mass exclusion limits set for right handed coupling (W)
0 Masses excluded up to 3.6 TeV

O Improvement w.r.t. 2015 results

Limits extended to scan of coupling strength plane (right & left handed)

35.9fb" (13 TeV) CMS 35.9fb' (13 TeV)

3 :' T T T T | T T T T I T T T T I T T T T I T T T T I T T T T l: Nm 3600 —
g B — W'y signal (M"n<< MW'n) h 3400 "2
o 107 3 CMS —— W signal (M, >M,,) E 3200
",T: - —— Observed limit (95% CL) 7 \'é
Lo 10, Expected limit (95% CL) = E
; = N I 63% expected 3 2800
E ] N | 95% expected 7
X 2 E
& 107 u AL
g 3 ~{2000
, - n 0.3 B —1800
e 7 E “l 11600
_| PRI R ST N N T AT S SN S NN TN SO S NS ST S N RN - 95 % Cl.iv Observe? N 1400
1 1 2 2 4 o= — S et S =
000 500 000 500 3000 'V.'.I’)SOO(Ge\%)O 0 0.2 0.4 0.6 0.8 1 1200
W'y aL
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JHEP09(2017)053
arXiv:1703.06352

/"> T+t

anti b tagged jet

loose b tag veto

/’ decay to a vector-like T quark (VLQ) & top quark

0 Models like composite-Higgs or warped extra dimensions (reduces signal use sideband shape

contamination) from DATA as
all other cuts background est.

unchanged

0 Also sensitive to searches for single production of VLQ

o CMS-B2G-17-007/CERN-EP-2017-155 (*) top-tagged jet

+ 1 b-tag subjet

. : S Al (as subcategory)
o T decays into bW, tH, tZ (analysis optimized for bW) W-tagged jet
o Fully hadronic search with top-tag + b-tag (AK4 jet) + W-tag 2.6 b (13 TeV)
300}~ e Data
o W-tag (tagger similar to top-tag) with : 70 < m , < 100 GeV & 7,, < 0.6 S ook ﬁ:’a'gscmegw m— Top quark
o AR (B-tag AK4, t-tag or W-tag) > 0.8; m:> 500 GeV % 200} oo BTN, o7 vey
o Categorization: SR 2 b-tag & SR 1 b-tag S1sof 4y mz=2.8 TeV. m =12 TV
(presence or absence of b-tag subjet in t-tag) 100}
o M, reconstructed from the tagged jets Sof
.......... J
0 Backgrounds: QCD (most important), single-top, ttbar %b §
o QCD: estimated from sidebands (inverting b-tag criteria on AK4 jets) ! 5006 1000 1500 2000 2500 3000 3500

m,. [GeV
(*) Refer to VLQ at CMS talk from Atanu b :
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JHEP09(2017)053

ZI % T + t arXiv:1703.06352

Cross-section limits for

267 (13 TeV) 0 — 2.6 fb" (13 TeV) 0 = . , . .
z CMS 8z CMS g o Various (Z’,T) mass combinations
|- E = g
= 3 < X 3 < i —
osoned |12 5 oosoned |12 5 0 Scanning BR (T = bW, tH, tZ)
m, =1.5TeV @ m, = 1.5 TeV @
m=07TeV| |4 o m=09TeV| |, o
3 8 L] L
5 1D limits for 2 benchmark models
(0] (O]
03 & “r 03 & .
. oz 2 FEEE 02 0 more data needed for exclusion
04 06 08 1 0 02 04 06 08 1 y y
B(T — bW) B(T - bW) — 10% 2.6fb" (13 TeV) — 104 2.6f0" (13 TeV)
0 E B(T— tH, tZ) = 50%, 50% o] E B(T— bW, tH, tZ) = 50%, 25%, 25%
R 26f1(13TeV) 26f0"(13Tev) =~ & i CMS Osened s CMS Otsened
L 8 I 8 = E e Expected =10 e e Expected
T CMS I*% T CMS % g 2: - + 1 std. deviation g E - + 1 std. deviation
= E = g c 10 E [ ] +2std. deviation c 102:_ [ +25td. deviation
< 5 = 3 s 2 i Ty =c=cy=1,g =3 2 E G Thtan 6,=0.44,sin0_=06,Y.=3
Observed 3 Observed 2 5 O 0 - eeen- rL ) :00/ " ] F . 109 "
m, =1.5TeV ol m, = 2.0 TeV s 8 2 §/My>10% 8 _ /Mg > 10 %
my=1.2TeV @ m=09Tev| |, 2 o o 10¢
g g g ¥ 8
> S5 5 1t
i s & < 03 & ;10_15_ ; g
: . > . 0.2 = 3%10—2;_ §:10_1§_ ....... y
0 02 04 06 08 1 0 02 04 06 08 1 : /\\ i '
B(T — bW) B(T - bW) 10°% e 1T 102 e e
14 16 18 2 22 24 26 14 16 18 2 22 24 26
p{ mass [TeV] G* mass [TeV]
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CMS-B2G-16-025 ; CERN-EP-2017-272
arXiv:1711.10949

S tg + tg

35.9fb™ (13 TeV)

10°

> E
. . . . ® F CMS + Data
Pair production of excited top quarks (spin 3/2) S 107 Th. ot 2bjet 1105
» 10 v, -{}:j\{ats
Q [+jets channel f o, 7:ncz.:zfsvy(s>15)
o 1isolated e/u + E, ™S+ 6 jets (exactly 2 b-tagged) 0y TRl
Resonance search in the m,, ., spectrum ,
0 Measure of jet-parton assignment used to reconstruct m, ., g i
f 50 100 150 200 250 300 350+ 400 [45$0“|5300

2 2 2 2
Maa’ — MW Mot = N Mivh — M Maabe — My,
S= (—qq " ) "+ (_qq > t) -+ (—fl 2 t) + ( q99'bg - -bg) Lepton p_[GeV]
/ of Tt 10 T 3 e B B S e B S S
o v ep t F cms + Data
u, >6jets, 2bjets Fitted sig.+bkg.
s Fitted bkg. part (stat. unc.)

0 Data driven estimation
o Signal + background fit for data

M, = 800 GeV
K

Events / 50 GeV
)

o = 0.866, K_ =0.707

o Parametric fit to background

0 No significant excess found in data

= E | E|
= 1.5F

g 1: e *l 4 Ll |

I e

8 o5E |

© CE . ¥ , . |

(m) 500 1000 1500 2000 2500 3000
mt+jet [GeV]
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CMS-B2G-16-025 ; CERN-EP-2017-272
arXiv:1711.10949

e S tg + tg

No deviation from SM prediction observed

N—

35.7(e), 35.9(n) fo' (13 TeV

* oyl — ) 5
t* masses below 1.2 TeV are excluded 8 : ?IMS>6' . R ol 5ty -
First results obtained at 13 TeV B 10t 95% CL, upper mit 1

T n —— Observed ]
% 10 = 2, Median expected %
E - ///// ] 68:/0 expected .
X 1 /////%//// 95% expected |
1 = /‘/ =
ﬁ% 10-1:— ////////%/ _:
g
B 102: T,
10 1000 1500

t* mass [GeV]
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Summary

CMS has a rich search program for resonances
with decays to third generation quarks: Z’, W’,
t*, etc.

Results shown are obtained from 13 TeV data
collected up to 2016. No deviation from SM
observed.

Wide range of boosted topologies studied.

Efficient sub-structure techniques used to
reconstruct the boosted objects.

Various sophisticated algorithms used for
tagging top, W/Z, b-jets.

Lot more data to analyze from 2017.

Stay Tuned!!
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Resonances to heavy quarks

Z'(1.2%) — tt
Z'(10%) — tt
gKK — it

W = tb

W’ = tb Mvs < Mw
W’ = tb Mvg > My
Z(1%) — it
Z'(10%) — tt
Z'(30%) — tt
gKK — it

W = tb

<
- Tttt

0 05 1 15 2 25 3 35 4
Observed limit 95%CL (TeV)

13



Thanks!
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Back-Up
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W =2 t+Db

Limits from 2015 13 TeV data

22fb'+2.6fb' (13 TeV)
T L LI I B

3 .I_I T T I T T T | T T T T | T I T
o 3 B 1
— 10°f CM —— Observed limit (95% CL) 3
Q — —
-'/T: - emeeeas Expected limit (95% CL) _
o |
_o 10 = I 68% expected E
S - 95% expected N
» 10 —— W'y signal (M. <<M,,.) =
X R Vg 'R E
T —— W signal(M, >M,,.) N
= v > M)
) 1E 5
E :
— 10 =
§ - Combined ]
—2 | 1 1 I 1 1 1 | 1 1 1 I 1 1 1 | 1 1 1 I 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 I 1 1
> 10" 12141618 2 2224 26 2.8
MW'R (TeV)
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