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" Massive Partners of Top and Bottom Quarks
Supersymmetry

* In supersymmetry the hierarchy problem is solved via contributions
from superpartners:

-
- o

1
2 202 2
Am; = 87T2)\tA | 7T2)\tA =0
1 A
2 2, 2 2
Am; = o A7 (m7 —my)In( h) ~ ()

* Stop is a bosonic partner of the fop quark

ANDREW IVANOV, KSU
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Alternative Solutions to Hierarchy Problem

* Fermionic partners of fop quark cancel the top corrections to the Higgs

fermions
* New fermions are vector-like
t NP
___Q S -/_©\J ~ 0
T', 1,
Extra Dimensions Composite Higgs

/ AdSs /

k Planck \ TeV k e—k L

/ _ yd Higgs is NOT elementary,

kL composite particle like a pion

7 > | ATev ~ Mplanck €~
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( Alternative Solutions to Hierarchy Problem

* Fermionic partners of top quark cancel the top corrections to the Higgs
fermions

* New fermions are vector-like
t

Extra Dim

e

L * | Arev ~ Mplanck €~

ke—kL

Higgs is NOT elementary,
composite particle like a pion

kL
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CMS. . :
= Vector-Like Fermions

* Vector-like quarks are 4™ generation quarks with quantum
numbers different from Standard Model quarks

* Couplings to W,Z are symmetric or “vector-like”

* Both chiralities have the same representation under the
electroweak group SU(2), xU(1)y

* Vector-like quarks appear in

GUT, Composite top, Composite Higgs, Little Higgs

Warped extra dimensions

Non-minimal super-symmeftric extensions T i
* Cancel quadratic divergences in

the Higgs mass induced by

o
radiative corrections in top quark '

I
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CMS

* Chiral Matter %

An object that cannot be mirror images

superimposed on its mirror image

Chiral vs Vector-like Matter

w * Vector-Like Matter
Superimposable Q Q

5-DECEMBER-2014 ANDREW IVANOV, KSU 6




Vector-Like Quarks

SM Singlets Doublets Triplets

s I 0

OO w6 6 )

(v) '

SU(2)L 2 1 2 3

gL =1/6

U(l)y ug = 2/3 2/I3 -1/3 | 1/6 7/6 -5/6 2/3 -1/3
dp = —1/3

Minimal model: SO(5) x U(1)/S0O(4) x U(1)

5-DECEMBER-2014

ANDREW IVANOV, KSU

550(5) — 4s0(4) @ 1sow) = (2sv(2),s 2sU(2)) © (1,1)

From A. Deandrea presentation
at this conference
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* Pair-production, --model-
independent cross section,

* Dominant process at lower
vector-like quark masses

). . .
Production Mechanism

Single production, --model-
dependent cross section

Dominant process at higher
vector-like quark masses

X
X

X < t/b
Extensive list of analyses = | Xs/3 U 1 New analyses are in
based on Run 1 dataset  w}—__ "~ Tbj ; ;
vase B N it production progress in preparation
= This Talk g | . for Run 2 of LHC

° ‘ “\»“»-\
M [GeV] ) 8
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M partners

W+ W— W+
t —>—<' +{ —>—< b Charged currents
x5/3 Y_43
. 7 H
t' ~>—< —)—\ —P—{ v —P—& Neutral currents
d;
We focus primarily on
Exotics decays into 3™ gen SM
quarks
Xs/3 —)—{ Y_4/3 —)—{ Only Charged currents
uj, V'

—- o |

Doublets, Triplet Y=-1/3

b t t
r— T re—
W Z ~H
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p Searches at CMS




p Searches at CMS
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2 Boosted Objects

* At higher energies and heavier new particles produce boosted decay
products

* We develop and employ new techniques based on the jet substructure
using “fat” jets, reconstructed with Cambridge-Aachen algorl’rhm

w‘?\o »

o

>
: More boosted )

M,y = [60,130] GeV R=0.8 Boosted top quark R =0.8, 1.5
Boosted W boson y decaying to W~qq b o
decaying to quarks 9 boson and b V

_— q.,

Subjet b-tagging 0 — M, =[140,250] GeV =—————

| min M, > 50 GeV 9

totag Higgs \, - [90,140] GeV

ANDREW IVANOV, KSU 12




7 Boosted Objects

E—r—— w
CMS-PAS-JME-13-006/007, CMS-PAS-BTV-13-001 f
CMS Preliminary. |s = 8 TeV, 19.6 | R : B 1200 EMS Preliminary, I's = 8 TeV, 19.6 fb"

" a 8 A B BERE AR B _—r—.—v—'—,—ﬁ'-!'-—rj—'—r—'r—r—[—r,..],,,,lt,,q

S 1800 = = :

3 1600 z mpATA = 84.3+ 0.3 GeV/c® & 1000}~ i

0 1400 - mic = 837:02GeVic? | o [ i

£ : 1 £ 800 —

» 1200 = ~ [ {

5 1000f Data 1 £ s00f Dat ]

o e 1 = - * Data =)

> C 1 © i i

W 800 —H 1 @ . L "

- [_JNon-W MJ . 400 Clw+Jets ki

600 |:|§.+iets B » __INon-wMJ g

400 Dt 3 200F —=ig .

200E «= MC fit = § []Single Top i
20 80 100 120 140 160 180 20¢ %0 100 200 300 400 500 600

Hadronic W Jet Mass (GeV/c?) Reconstructed Top Quark Mass (GeV/c?)

M,, = [60,130] GeV R =0.8 goostgd t?p\?vuark R=0.8, 1.5

— ecaying 1o - -
Boosted W boson / N bosoﬁ a?l db ua(rqlg b N
decaying to quarks q \ g \

s 1 =

Subjet b-tagging

\Y | M, = [140,250] Gev T,
to tag Higgs _4

q .
M. = [90,140] GeV min M, > 50 GeV 4
H ‘ ANDREW lVANOV, KSU 13



CMS _ _
_ Search for B3 -> tWin { + jets

CMS-PAS-B2G-12-019

* Signature: lepton + >= 4 jets + 1 btag + MET

« Highly boosted W/Z/Higgs bosons may merge into single jets
* Use jet substructure techniques: V-tagging

b
vV
+ ]
() e-f-
t
0 ‘ f
" ;N
b i f
g - '51 W+ f
f
t e f
_ f
h
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Search for B3 -> tW in £ + jets

CMS-PAS-B2G-12-019

* Signature: lepton + >= 4 jets + 1 btag + MET
* Categorize events based on the number of V-tags
* Perform a fit to S; distributions as a function of V-tag multiplicity

* Main Background is tt+jets

H CMS Preliminary,\'s = 8 TeV, e + jets B CMS Preliminary,\'s = 8 TeV, e + jets CMS Preliminary,\'s = 8 TeV, e + jets
@ ;%a‘r;';s.zm' 3 ;?‘.;lgzm‘ 3 102 +?'.msz|b'
2 W Wéess @ R - :
: 0 Vtag ©5: g 1Vtag B:a g e
b Clsmlet o CISngle t > CSingkat
w 2
I tVVsjets
10° 2 Divoscn
@cco
10 s BB 750 Gav

-

el

Data / Bkg

ot
o O L o

W

ul

b b gl

l l l Al - LAl l LAl l Ll l LA l Al l Al l L )
600 800 1000 1200 1400 1600 1800 2000 2200 2400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 "800 800 1000 1200 14w 1600 800 2000 2200 2400
S;, 0 V-tag ( GeV ) S;, 1 V-tag (GeV) S;, 2 V-tag ( GeV )
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P\b E""I""I""I""l""l""l'— R B o e e
% [ CMS Preliminary, 19.8 fb” 1| cMms Preliminary, 19.8 fb™
S qp2L at\s=8TeV  BR(b'>tW)=05 | 10°; at \s=8Tev BR(b'— tW) =1
s - > Observed BR(b'—>bH)=0.25] | - Observed Combined e+ |
£ . -e- Expected BR(b'— bZ) = 0.25 - -«- Expected ]
o | [W+10Exp.  Combinede+u | 1ol [ =10 Exp. -
o 10 +2 o Exp. 3 +2 o Exp. ]
X f |
8 =
1 3 E i3 ?
107 H107F E
.1_.111|l|lllIlllllllllllllllllll[ll: rl"Jl‘l‘lIllllll‘ J“l‘llllll|l4
400 500 600 700 800 900 1000 ~ 400 500 600 700 800 900 1000
M, (GeV) v (GeV)
M, > 732 GeV @ 95 % C.L.
BR (B>tW) = 100%
5-DECEMBER-2014 ANDREW IVANOV, KSU

CMS-PAS-B2G-12-019

CMS Preliminary

1
BR(b2)

19.8 fb, s =

BR(tW)

T I T T\ I T L I T 1 7T I LI

1

| Search for B3 -> tW inin £ + jets

8 TeV

800 Q
750

|
o
a o
S o
g panJas

600

550

[ |
P )]
N o
o o

[A®D] Hwiq ssep Hienp

BR(bH)
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/ Search for B3 ->bZ in Di-leptons

p
P — S

CMS-PAS-B2G-12-021 CMS Preliminary 2012,L = 19.6 -8 TeV

LI LI S e e e e e
B BR(b'= bZ) = 100%

— Observed limit

~~~~~~~~~ Expected limit

I Expected limit 1o
Expected limit +20 -

* Target: at least one B->bZ, Z-> ||

* Signature: 2 oppositely charged leptons,
consistent with Z-mass + 1b-tag

e Search for resonance in the bZ invariant
mass distribution

=
)
TTTTT

=
LU T

b'b’ cross section/ G(NNLO)

CMS Preliminary 2012, L= 19.6 fb"! \s =8 TeV CMS Preliminary 2012, L= 19.6 fb"! e
ol LI L B L L BN B L RN L BN LI BN N . ol LI B B B B L L BB L BN B aL i
) - . © - 107 E E
~ - —e—— Data — ~ - —e—— Dala [Echetg ot | g gt i it it o e TS T 1 0 0 R I ST184 18 b
> 10‘ s —— b (450 GeV/ic?) - > 101 i b' (450 GeVic?) 450 500 550 600 650 700 750 §00
8 S — b' (700 GeV/e?) 3 8 H e — b' (700 GeV/e?) M(b') (GeV/c)
o I ————— Background ] o Background N
v i _ Background uncertainty (Stat. @ Syst.) % i 1] Background uncertainty (Stat. @ Syst.)
7107 Bty = 310 r Mg > 700 GeV
= - W - = 3
g | - o 43 @ 95 % C.L.
H10E ‘ 10 . = BR(B>bZ)
- ] = 100%
=0 T L et . L E-L I L I_| =
XU DS A i Ilae e L I All,_l"\ = I | I L Losoaidi §
&~ 0 A o
2F , i ; 2F : 5 e : | A
400 500 600 700 800 900 1000 400 500 600 700 800 900 1000
2 P
M(eeb) (GeV/c?) M(upb) (GeV/c?)
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Search for B3 in SS Di-leptons

8 TeV mumu channel

(MS-PAS-B26G-12-020 | g:'::;j:_':’:'gw,-m.mi
.

J Mb'=750),B(b'—~ tW) = 100% . Dwts

Candidates

* Signature: 2 SS charged leptons, >= 4 jets,

” lb-.l.agged Jef 10f, Gl
* Background fit fo S; distribution, 5 exclusive bins 1 —

4 | P S f

b,_’ tW: Q_)G_)@QG W\OIQQ s'E:;io; 400 600 800 1000 1200 1400 w]oo 1800 'jaoc
s, [G

\‘@ -00-00 . == E_..f:.:3

Data - Prediction

Wb'=750),B(b’ = tW) = 100% *  Dam
[ Prompt-Prompt [ Promet-NonPrompt

A @—’@ D-Q0Q °-f =
—> — _>G D or@@ ": é
0-0-¢

Candidates
3

b’ = bH:

107
é ) . Ll =
EE _..+....—+—'§m.+......., ................................

g .2&); 400 600 800 1000 1200 1400 1600 1800 2&)(:

S, [GeV]
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C
M% Search for B3 in SS Di-leptons

CMS-PAS-BZG- 1727-020 ’ X 7 CMS Preliminary 19.6 1b " at \s = 8 TeV mumu channel

7777777 R .8 D M{b'=350),B(b’ -~ tW) = 100% [: M(b'=E00),B(b' -~ W) = 100% ;
: , : S B e ]
* Signature: 2 oppositely charged leptons >= 4 jets, § | oo e |
1b-tagged jet .
* Background fit fo S; distribution, 5 exclusive bins 1 ——
CMS Preliminary [ist= 1051, is=Tov o
BR(tW)

§ 2
1 g0 O §E :
73 3 2k E
® 200 400 600 800 1000 1200 1400 1600 1800  200C
Observed 0 3 S 1GeV
g. ) CMS Preliminary 19.6 fb” at |s = 8 TeV ee channel
-70 © g O e E ]
MB > 798 Gev - 2 4 [ Prompt-promat [ Promet-NonPrompt _
o E [[] NonPrompe-NonPrompt [ ] charge misi0 %
@ 95 70 c.Lo —650 g 8 \? [T uncertainty on Background j—
= 3
BR (B>tW) ol -
~ — 600 § ................. 3
= 100% o
» i
—1550 p= o
- — 107
\\\\\\\\\\\\\\\\\\\\ 3 : :
{500 = 107 ‘ 3
— = 1 1 1 1 1 1 =
\ D g é S ": 3 E
5 NN P 5 %‘g (:w—é—‘w*w ................................ 1
1 0 1 R R R R
BR(b2) BR(bH) oo
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Search for B3 in Multi-leptons

CMS-PAS-B2G-12-021 | (yspreiiminary 5= 8 TeV, Lt =195 1"

° SI na‘l'ure: >:3 lep'l'ons 5 102§ 4 leptons: OSSF2; on-Z; no taus; at least 1 b-jet E
( electrons, muons or a2 f o 202 @ 750 Gev ]
hadronically decaying taus), e oL 27 Big Uncotinies

w = Data-driven E

* >=1 b-tfag S =1 ]

* Events classified based on the N =z ]
# of leptons, lepton and jet T
flavor, H; and S; ]

10" -

CMS Preliminary swy  Jies e 7)) i

, 500 © o o I /.
1 (o 06 0610 1015 1520 >2.0
750 2 —
e CMS Preliminary Vs=8TeV, f Ldt=19.5fb"
700 — = 3 leptons: OSSF1; high-Z; no taus; at least 1 b-jet 3
) % —Q—Dlafa n
650 § § 10° ok Uncersinien. 3
= @ [ Data-driven E
600 3 108 e +
a :
3 rerrrrrrrriirss s
500 :-m: 10—1
®
1 0 450 S 102
B(bZ) B(bH) 0-0.3 0.3-0.6 0.6-1.0 1.0-1.5 1.5-2.0 >2.0
S, (TeV)
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s,
~ Search for B3 -> bH, H->hb

CMS-PAS-B2G-14-001

 All-hadronic channel

* Employ Higgs-tagging using p ,
jet substructure \\

* Subjet b-tagging

* Control region from inverted b//
subjet b-tag requirements f\ 4@ Other et
& /b
Pruned Mass (GeV)
0 90 140

: A B

Anti-Higgs tagged jets Anti-Higgs Higgs
90 < Pruned Mass < 140 GeV 90 < Pruned Mass < 140 GeV

C - D

. . Anti-Higgs Higgs
Higgs tagged jets | 0 < Pruned Mass < 80 GeV 0 < Pruned Mass < 80 GeV

Signal region
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CMS
~ | Search for B3 -> bH, H->hb

P
P —— s

CMS-PAS-B2G-14-001 |

19.7 fb' (8TeV)

> 10°F CMS 1 AKS5 cate
. fen) E 1S gory
 Closure test in the b-vetoed G | Prelminary —}— True background
H 8 10° : ------- Predicted background
reg |On % E ........, Predicted background error
+ ==1b,>=2 b 0 e N
categories of events i W
@ 95 % C.L. i
PRI B Loyovovo o Lo Lo by e v b o bnw v o by o |ay
. 107 BR(B3bH) | "3 o a—
- o + 1
) 10° CMS 1b category — 100% B 1r 1 ]
O E Preliminary —e— Data % 0 1000 1100 1200 1300 1400 1500 1600 1700 1800
8 - ti+jets background 2 H; [GeV]
®» 10°E Total background = -
) E Total background error 2 E CMS BR(b._(;t?:e)r:eLﬂpr:ﬁt
r T wemwee b'b->bHbH, M(b') = 500 GeV e __ Preliminary (N p=seoin dl'l it
§VEF—— B bHoH, M) 800 GoV 2 e Sl
L - . B b [l ekl Expected limit +2¢
107 c. " Ming —— o(pp — b'b') (NNLO)
E """"""""""""" e 3 10 3 i 1b + > 2b categories
10 A s I O [ N
........................ s pesesereresnenissnnnanananny O .2
......................... 510 2 oy
1 j o2 m T
. - yy
10'1 I 1 1 1 I L 1 1 I 1 1 1 I 1 1 1 I //////77// 10-3 i_ i B Iy ~
1000 1200 1400 1600 1800 2000 :
H; [GeV] G AN | |
10 : LT TR LTI
600 800 1000 1200
M(b') [GeV]
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B13 Summary

Observed

CMS Preliminary
B(tW)
1

e Best observed limits from

individual analyses [Lat-195 7, 15 =8 Tev

—800 ©

* Grand combination will be 750 §

available very shortly &ty 8

700 o
650 §

V)

* Pushes limits up to 0 0

~900 GeV 600
550

500 =

) Hwi SSep }

(1)

B‘bZ)

OS-DIL ALL-HAD
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PLB 729 (2014) 149 |

ys =8 TeV

| Search for T2? in Leptonic States

19.5 fb™

e Combination of l+jets + di-/multi-
lepton searches
* Lepton+jets: 1 isolated lepton +
>=3 jets, either
© 4™ jet
* Or W-tagged jet
* Boosted Decision Tree and

Events/bin
50!

i+ 23 jets + =21 W jet

* Data

[] Background except tT

M

Uncertainty
GeV (x100)

800

L
lll
L

multiple signal regions to
maximize sensitivity

CMS

Vs =8 TeV

BDT discriminant

19.5 b

*  With and without W boson tags 3
*  With and without b-quark tags Z1o2
* Multi-lepton analysis: =

* 12 categories, cut-and-count
* SS DIL, OS DIL, + 3™ lepton

Same-sign dileptons
¢ Data

N Uncertainty

:l tt+bosons
- Multi-bosons |:| Non-prompt

----- TT 800 GeV ( x 100)

5-DECEMBER-2014 ANDREW IVANOV, KSU

800

1000

1200

1400
S, [GeV]
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Search for T#3 in Leptonic States

PLB 729 (2014) 149

CMS s =8 TeV 19.5 fb™!
CMS fs =8 TeV 19.5 fb™! BR(bW)
2 -- Observed 95% CL S
o 1 ===+ Expected 95% CL 800 3
+16 expected E
126 expected |70 =
107" &= =
.... —olheon‘ '?'l
' —700 *~
2
102 1650 i
2
TR I SR SRR S NN T SR TR SN SR SR | PR SR T R S 1 1 _S
600 800 1000 1200 M14|0((_); eV] BR(tZ) BR(tH)
M, > 696 GeV @ 95 % C.L.
BR (TWb) = 50%
BR (T tH) = 25%
BR (T12) = 25%
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- Search for T2/3in All-Hadronic State

CMS PAS B2G-14-002 |

CMS Prellmlnary 19.7 fb' at {s =8 TeV
|

= BT e Baxs s
« Optimized for T->tH g + B o e

. . ] 0.8 —— TTotHH (500 GeV)
* Make use of the jet substructure techniques: @ T (100G 0

TT—tHtH (1 TeV) x100 ]

* Top tagging
* Higgs tagging via subjet b-tagging
* 1 Top-tagged, 1- and 2-Higgs tagged bins

0]
HEPTopTag a l
q <
CA15 fat-jet K [
Top q O IIIIIIIIIIIIIIIIIIIIIIIII
0 500 1000 1500 2000 2500 3000
HT (GeV
b' t : T T T T I T T T T I T T T T I T T T T l IIIIIIIII
ztjtajge % 4 3 —&— Data ]
(2 2 [ QcD (from data) ]
2 350 tr R
o - —— TT—tHtH (500 GeV)
(

SE : ------------ TT—tHtH (700 GeV) x10 3

25E R S TTStHH (1 TeV) 100

R 2F A\ ]
\ subjet E ¥ !

z

Jb-tag 1.5F

CA15 fat-jet ‘ E

t Hobb _ 1
<.Sumet 0.5F

/b-tag .

O]
top-tag: Higgs-tag, H—bb: S H+l s :
HEPTopTagger 2xsubjet b-tagging 5 st T }
subjet b-tagging jet-mass > 60 GeV T T [ B [ e i 1

mass of Higgs candidate (GeV)
26

5-DECEMBER-2014 ANDREW IVANOV, KSU




< Search for T23in All-Hadronic State

With jet substructure the QCD
background is reduced to the level of tt

550
500

CMS PAS B2G-14-002 | CMS Preliminary I“’h"’”"q {s=8ToV

T(bW) ’

. o 1

« Background fit based on the likelihood > g
discriminant using two observables o 3
-
. . . 750 I}
L=1In (1 * Psxgnal(HI) Psxgnal(ml!) ) 200 g
Pbackgmund(HT) Pbackgmund(m!l) 650 =
° 600 z"':
3
()
£

1 450

CMS Preliminary, 19.7 fb" at /s = 8 TeV

‘g 104 ‘.gf T l LI B B I L ];Tolatél T I 13 -.'%Ms Prelln—"ina!!,1g T(tz) T(ItH)
4 ‘t B Qco (fom data) =3 &\
o ? : = = M, > 747 GeV @ 95 % C.L.
—— TTHH (500 GeV) ] =\
o . BR (T tH) = 100%
i ] S 10'f
10;‘ o E © = G
1 f [ —oseswcL N
; ] | - exp 95% C.L. e o e e = e
10" F | ‘ E — - Theory TT' \\
N 1.5'155‘:H£f¥!!H%:.;!IIH‘,H!!; 102} contral 95% exp N
e + ﬁ 3 1 ] - central 68% exp N N
E 1H 4 """"" 1 s
U N T T T T 600 800 100(
0.5 1 15 2 25 3 m, (GeV/c?)
L
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~ Search for T23-> tH, H->vy

CMS PAS B2G-14-003 |

CMS Preliminary /s =8 TeV L =19.7 fb"

3 [ Tty ~+ Data
Variable ~ Hadronic channel Leptonic channel = Leptonic Category ma
p’T‘"d},;,om,, > %mw GeV > %mw GeV § ) gifim
p}glbhadplmlon 35 GeV 25 GeV B ttH(— vy)
Mjets > 2 > 2 3
Hr > 1000 GeV > 770 GeV
leptons 0 >1 2
b tags >1 -
1 ;
CMS Prellmlnary \I§-8 TeV L=19.7 fb’ — | |
§ 10’25 s MT > 540 Gev @ 95 % C.L. 0 120 140 160 180
3 a — CMS Preliminary /s =8 TeV L = 19.7 fb"
IR BR (T>tH) = 100% o Rz s
= F = 5[ Hadronic Category — Bkg Model
? -3 % [ M=700Gev =10
5 10 £ i [[O=:20
N e e [ gt PO S R & 4 [0 77— tHiH
N - B ttH(— vy)
€ * Strategy: fit £
[} 10-4 \ ................ i
] . for the narrow :
—— Observed 2F
:xpected + 1o H => 'YY mass N
.xpected: + 20 N
PO N TN O O = i SE peak 1Mt '
E TR T T p
500 550 600 650 700 750 800 850 900 e
m. (GeV) m,, (GeV)
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115N . .
Search for T#3in { + jets

CMS PAS B2G-12-017 |

* Signature: lepton + >= 4 jets + 1 btag + MET

e Perform a full kinematic event reconstruction and reconstruct
mass of the T quark

* Highly boosted W bosons may merge into single jets
* Make use of == 0 W-tag and == 1 W-tag events

b-jet

“Wide” jet

5-DECEMBER-2014 ANDREW IVANOV, KSU
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Search for T#3in  + jets

& -
CMS PAS B2G-12-017 |
% 50— CMS preliminary, \s =8 TeV -e- Data 19.7 fb!
2 - TT — bWbW — pvdjets -==:5x T'T (800 GeV)
= - 7 B
s o= 64 B W+jets
s - y ‘ (] Si.ngle Top
2 30| 7 7 /{2,// 2 [ Di-boson
C %4 [ Z+jets
20 ,
C 2%
10—
= 2 P Pt
n 1E
= 3 - & .
s[a  0gpe 643 o AR
= E a Z
= 2 4{{
-?00 200 300 400 500 600 700 800 900 1000 1100
Reconstructed Mass [GeV]
% 50 — CMS preliminary, \'s = 8 TeV - Data 19.7 fb!
o C TT - bWbW — evdjets -5 x T'T (800 GeV)
-+ C O
E 40— Il W+jets
g C P [1Single Top
> - % Di-boson
= 30 [C]Z+jets
- B QCD
20— 3
C ",
10— ]
C 388
o V77 2.7,
Sl I o
€I€ 7 2 2% 3 2 % /
S|4 Offaret g *WWW
al - VONE
-¥00 200 300 400 500 600 *7-00 800 900 1000 1100
Reconstructed Mass [GeV]
5-DECEMBER-2014

e Perform a fit to the reconstructed
mass

* S; > 1240 GeV - cut optimized for the
best sensitivity

CMS Preliminary, L=19.7 fb~!

I+jets, vs =8 TeV

10°

observed limit (95% C.L.)
h expected limit (95% C.L.)
central 10 expected limit
. central 20 expected limit
NNLO 7T

Limit on 7T cross section [pb]

~

500 600 700 800 900 . 1000
M, [GeV]
M, > 912 GeV @ 95 % C.L.
BR (T>Wb) = 100%
ANDREW IVANOV, KSU 30



Events / 40 GeV

Data - SM
Events / 40 GeV SV

SM

Data - SM

Search for Q->Wqin £ + jets

CMS PAS B2G-12-017
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Similar search in O-b-tag region

Search for partners of the light-
flavor SM quarks

— CMS preliminary, s = 8 TeV
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T23 Summary

Observed
CMS preliminary ys=8TeV 19.6 fb™

e
14 M)

LEP-KIN

 Best observed limits from
individual analyses

* Grand combination will be

available very shortly
750

 Pushes limits above

[A3D)] ywr ssepy yden() I, paAIdsqQ

700
~900 GeV
650
A 600
1 | 1
BR(tZ) BR(tH)
LEP-INCL ALL-HAD
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Summary Table

T’->bW (semilep, kin)

e T
T tZ(semilep+iep)
T'tHi(semilep+lep) ; ;
T—bW(semilep+iep) Vector-like T'
TtH(H-7Y) 3 :
T tH(hadronic) : é g n
B'—sbZ(multilep) : i
N[THSSSSS ; i ]
B'->tW(multilep) : N
B'1W(ss-dilep)
N Vector-like B'
S i f
- A
B'-+tW(semilep) ’ ’ N
B'—sbH(hadronic) : : : .
0 02 04 06 08 1 12 14
Excluded Mass (TeV)
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* .CMS has a rich physics progrmon searches for very heavy exotic
quarks'in a mul’rlple number ofgfinal s’ra’res

3 ‘: - ‘.\j

'. ="'Presented analyses’ based onfskreV, da’rase’r,\of 20 Fb 3 exclude vector= it

\; ‘.w l|ke quark; up)&’ro masses ofAS00kGe Vi & ! * }

htt s://’rwiki.cern.ch/fwiki/bi/view/CMSPublic/Ph sicsResultsB2G







