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Introduction

® The LHC is a top quark factory

»  With large dataset many decay channels can be analyzed independently

® A perfect final state to probe new physics!

»  Unique event signatures
»  Can provide solution to the hierarchy problem without SUSY

»  Special techniques for top reconstruction can increase mass reach

® Jop quark partners

»  Sequential Fourth fermion generation existence is disfavored by
the discovery of Higgs boson, several other models exists

B(t")

R Vector-like quarks: Transforms as (3,/,+2/3) under SU(3). %X SU(2)wx U(I)y
would mix with the top quark Rakhi Mahbubani et.el. JHEP 0906:001 (2009)

- Ts/3 top partners: Transforms as (3,1,+5/3) and strong sector respect the
Contino & Servant, JHEP 0806:026 (2008)
SU(2). % SU(2)rx U(1)x Mrazek & Wulzer, Phys. Rev. D 81,075006 (2010)

® TJop pair resonances
»  Models that predict enhanced couplings to the third generation of SM
= Z’, RS KK gluon production

® t+b and ttjets resonances
= W', t* decays
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Branching fractions of t’:
(Mh = 125 GeV, sin OL = 0.1)
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http://arxiv.org/abs/0902.0792
http://arxiv.org/abs/0902.0792

Qutline

® T and B vector-like pair

» lepton+ijets 'Y — WoWb, WbZt, WhHE, HbZt, HbHb, ZbZb)
» trilepton (6’0 — WoWb, ZbZb, WbZb )

CMS-PAS-B2G-12-015

5/3 CMS-PAS-SUS-12-027
e T SearCh C T5/3T5/3 — tWiW ) CMS-PAS-B2G-12-012

® TJop pair resonances

» Lepton + jets CMS-PAS-B2G-12-006
» All-hadronic CMS-PAS-B2G-12-005
® T+b resonance (W' =th ) MS.PAS.BPGA2.010
® Excited Top quarks (t"—=t+g ) CMS-PAS-B2G-12-014

. . CMS-PAS-B2G-12-023
® Baryon number violating top

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS
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Vector-like Quark

® At /7 TeV most heavy quark, Q searches assumel00% BR for a
given channel

® Michael Peskin’s slogan
» ExcludeTriangles not Points

https://indico.fnal.gov/getFile.py/access?contribld=49&resld=0&materialld=slides&confld=5256

Sl w  mr =450 GeV

B(bW)=0.5
B(t2)=0.25
B(tH)=0.25

PLB.2012.07.959. EXO-11-050
t't’ — dileptons

[

—

TT — tAtZ

JHEP05(2012)123
t't — 1+ jets

[

—
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Inclusive vector-like T search

CMS-PAS-B2G-12-015

T—-bW, tZ, tH (lepton+jets channel)

® Use CMS Top-tagger and W-tagger with pruned CAS8 jets cus-pas-ume-10-013)

»  top-tagging : pt > 200 GeV, 140 < mjec < 250 GeV, =3 subjets with minimum

- | )
pairwise mass > 50 GeV 7
a
»  W-tagging: pt > 200 GeV and 60 < mjec < 130 GeV :
q
CMS preliminary ys=8 TeV 19.6 fb™! V
,21055_ + data
5104 F W24 jets/no W-jets [ other backgrounds
e B

uncertainty
--- TT 800 GeV (x100)

® Categorize events depending on Nw
10’} (T

» | lepton, (= 3 jets, = | W) or (= 4 jets,= OW) : 31_-—-.—-__?..-..
e - E—F-S—
BDT Discriminant
® Stl"ate gy: BDT ) SCMSpreliminary Vs=8 TeV 19.6 fb™
212 23 jets/21 Wejet B other backgrounds

B

» Training is done on highest discriminating power 12 Nuncertainty

variables namely, Njets, Nbtags, HT ... 10

1

10

s 2

a 1

0

-1

-2

5 -1 -0.5 0 0.5 1
BDT Discriminant
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Inclusive vector-like T search

T—bW, tZ, tH (=2 leptons+jets channel)

® Standard analysis categorized into four
mutually exclusive channels

4

4

4

4

OS| dilepton (dominant signal = T—bW)
ZVeto,2 or 3 jets, Hr>300 GeV, St > 900 GeV and
mip > 170 GeV

OS2 dilepton (dominant signal = T—tZ)
> 5 jets, > | b-tag, Hr>500 GeV, St > 1000 GeV

SS dilepton (dominant signal = T—tZ, tH)
> 3 jets, St > 700 GeV

Trileptons (dominant signal = T—tZ, tH)
> 3 jets, St > 700 GeV

® Strategy:

4

Binned Likelihood fit for 12 different
channels

OS1, OS2,SS = ee, ed, MM
Trileptons = eee, UMU+EE, uuué

Events/25 GeV

Pull

o
w

CMS preliminary ys=8 TeV 19.6 fb"' OS dileptons

-#-data

. Drell Yan

. single top

[ G

uncertainty

--=-T T (800 GeV) x 100

CMS-PAS-B2G-12-015

CMS preliminary Vs=8TeV 19.6 fb' SS dileptons

S S D tt+bosons
q [ ]non-prompt

#-data

[Emulti-bosons

"o T T (800 GeV) x 100

10 - .
......................... ] ¢
1 107 _
=2:L.:"1:;--i|. ol
] e e =
A | ——— | s S
0 100 200 300 400 500 600 200 400 600 800 1000 1200 1400
min(mlb) [GeV] S, [GeV]
Backgrounds
channel 051 0S2 SS trileptons
tt 524+19 80 £12 - -
single top 25+13 2.0x1.0 - -
Z 9.7+29 25+19 - -
ttwW - - 58 £19 0.25+0.11
ttZ 1.83+£093 1841094
WW - - 0.53+0.29 -
WZ - - 0.34+0.08 0.40+0.21
y A A - - 0.03+£0.00 0.07+£0.01
WWW /WWZ/ZZZ/WZZ - - 0.13+£0.07 0.08+0.04
ttWw - - - 0.05+0.03
charge mis-ID - - 0.01+£0.00 -
non-prompt - - 79 £43 099+0.90
total background 174437 84 %12 165 48 37 £13
data 20 86 18 2
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Inclusive vector-like T search

Combine limits

G [pb]

107"

1072

1073

For inclusive decay of T =bW, tZ,
bH, a mass bound of [687, 782] GeV
is set at 95% C.L for allpossible
branching fractions

CMS preliminary ¥s=8 TeV 19.6 fb™

DW:tZ:tH = 0.50 : 0.25 : 0.25 ~* observed 95% C.L.
- expected 95% C.L.

.i 16 expected

126 expected
—C

theory

—lllll

[ B
1400
M, [GeV]

L | | I ] ]
600 800 1000 1200

CMS-PAS-B2G-12-015

CMS preliminary Vs=8TeV 19.6 fb™
I800

BR(bW)
1
—750

Expected

—700

—650

—600

[A9D] 3ruur ssejql yaenQ L pajdadxy

1 1
BR(tZ) BR(tH)

CMS preliminary Vs=8TeV 19.6 fb”

BR(bW)
1

Observed

I800

—750
—700
—650

—600

[A3D] yuur sseq aen() I paAIdsqQ

1 0_ 1
BR(tZ) BR(tH)
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B’ search with multileptons

See talk by Thiago this morning — CMS-PAS-SUS-12-027

® Re-interpret search for RPV SUSY with

: > | b-tag,
>3 leptons as search for vector-like B © 59 = [l @86, QESIF el Z

CMS Preliminary Vs=8TeV, le =92fb’

B 2] L 4-eptons + OSSF2 + on-Z + no taus + at least 1 bjet =~ —
qua’rl( 5 B e — btz'—,bezt@:tsoelvt B
> 10 - Bkg Uncsrtainties —
. w E %?ata—driven §
® Event selection: - — -
| I
1 = dw =
R T T P 2 - — =
» = 3isolated leptons (TI=eor U, <| Th) -
10" =
® C(lassification: RRraanaiAnne
r 4 ' SO s :‘:’:: “““ :':’:_
. 10° B B o :O:O:os?:g?::" o .......: : :
» number of leptons, taus, b-jets | | SRR
o . 0-300 300-600 600-1000 1000-1500 120(X) >2000
» # of opposite-sigh same flavor (OSSF) S, (GeV)

- OSSFO = p*ute-
3 lep, > | b-tag, OSSF off Z

CMS Preliminary Vs=8TeV, L, =92 fb’

3-leptons + OSSF1 + high-Z + no taus + at least 1 b-jet ]
[ b'b'— tWtW @ 550 GeV

- OSSF| = gty and ptu-e:

- OSSF2 = ptueet

» on/off Z: OSSF in Z window (75-105 GeV)? Eﬁf&ﬁ?"ﬁ“ E
Cwz .
»  Veto events with OSSF lepton-pair mass < |2 1 ég« E
GeV (J/Psi, low mass DY and photon conv) i
. 10-1
o UseSr: St = p’?T + ijTet i E?”;SS
IB"—=tWtW
» 240 exclusive channels 107 |
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CMS Preliminary

1

0.8

BF(b' — bZ)

0.6

0.4

0.2

B’ search with multileptons

Area on the left below the observed
limits is excluded @ 95% CL

{§=81bVJm“=92fU1

b' interpi‘etation
observed 95% CLs Limits i
—— Theory uncertainty (NLO) __|

------ expected 95% CLs Limits
B [ expected +10 ]
NS SO expected +20 _|

500

m,. (GeV)

Exclude B* with 100% BR
B"—bZ:me>660 GeV @ 95% CL
B"=tW:ms>760 GeV @ 95% CL

4
4

CMS Preliminary

CMS-PAS-SUS-12-027

S - _ -1
\s=8TeV, Lm =9.2fb

; ........ 'b'b' to bez ................................................................ -
10 observed 95% CLs Limits ... i
[ weseess expected 95% CLs Limits
~ N expectedtic
e expectedizc ........................................................................
L Theoretica|6NLo ........................................................................
1 1 1 l 1 1 1 1 I 1 L 1 1 I L 1 1 1 l 1 1 1 L 1 1 1 1 1
550 600 650 700 750 800
m, (GeV

expected+2c

s —— TheqrencaloNLo |

\s=8TeV,L =9.2fb"
int

T AP
550

1 I | I 1
600

| I L 1 L
650

750800
m, (GeV)

L l 1 1 1
700
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Ts3 Top Partners

® Striking signature: same-sign dileptons

® Hadronically decaying Ts/3 can be
reconstructed

CMS-PAS-B2G-12-012

® Selection:

» Two same-sign leptons (e or y) with pt >
30 GeVand |n| <24

. . . -OUE)4Il'l"II'_I'.lllllllIlllllllDlltlllllllll
»  Vetos: Quarkonia, Dilepton and Trilepton Z  gto'¢ cMS 'B_ff"m'"afy 77
Wt 196fb " at s =8TeV TIww:
boson i =V_\\/NWW
10° eeteltIL S

» 5 or more “constituents’ in addition to the Ve
=1 Charge MisID

RS
two SS |eptons , NN —1Non-prompt
10 .~ w0 153 (600 GeV

» constituent=lepton, jet,W-tagged jet (2), or
top-tagged jet (3) 10

-  Use W-tagger and HEP top-tagger with CAS8
jets (CMS-PAS-|ME-10-013)

» S7>900 GeV -

10 H, [GeV]
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Ts3 Top Partners

CMS-PAS-B2G-12-012

® Strategy: Mass reconstruction g 12" CMS | ,é'h'n'“'n'é T ':'0 R
G20 196 at (s=8TeV CIfrw: ]
® Backgrounds i — i ]
10 ee+el il %ffww —
i AVVE: I 2 1z i
»  Same-sign prompt leptons (WLZ, ZZ, ttV, tt WW,W=* W+#) 13 5§‘12age MlstID_-

»  Opposite sign prompt leptons with charge - =753 (800 Gev)

misidentification 3 2

»  Same sign non-prompt leptons (from heavy flavor or
conversions)

I L
1IN
NS

® Systematic Uncertainty 2
0- e, b .LLllllLll
Sample JES Pileup Normalization Trigger Lepton Efficiency Luminosity 0 832001,220““50%; ,4,',?;31[%%0\”;28]00
WZ 6.6% 4.5% 17% 1.0% 1.0% 4.4% o) E:rrrnw-rrrrrrrrrrrrngrrrq-rrrTrrnTrrrrrrnTr?
77 48% 2.4% 5.1% 1.0% 1.0% 4.4% a F MS Pf1€ iminary -
WEW* 30%  3.8% 50% 1.0% 1.0% 4.4% ~ T 196f at [s=8TeV -
WWW  41% 3.8% 50% 1.0% 1.0% 4.4% % i i
tW  44% 27% 32% 1.0% 1.0% 4.4% . I i
ttZ  44% 34% 50% 1.0% 1.0% 4.4% © 102k
tWW  47% 2.6% 50% 1.0% 1.0% 4.4% =

Table 5: Systematic uncertainties for the background contributions that are obtained from sim- -
ulation.

1
.
.
:
1
:
f
.
.
.
:
.
1

10°E « Observed Limit

e Counting experiment - —— Expected Limit
- [JExpected Limit = 1o -
» 6.9 2.1 expected vs. 9 observed - [ Expected Limlt + 20 .

— Slgnal Cross-Section

»  Exclude the Ts;3 up to masses of 770 GeV 10

550600650 700 750800850900 9501000
B M55 (GeV)
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Top Pair Resonances (I+jets)

CMS-PAS-B2G-12-006

® Search for resonances in the mg spectrum g s s
> T Z' (1% Width) . % 035 RS Gluon E
AT g o4 A P -
S —15TeV 3T —1.5TeV E
- Widths [/mz = 1%, 10% 5 "% oW g on Lo
g o02f —3TeV 4 § o15F —3TeV E
T8 r 5 C 31
» RS KK gluon — tt: N 3% e ;
C ] 0.05 =
- Mass-dependent width 035067000 1500 20002500 3000 3500 4000 450050 05007000 7500 2000 2500 3000 3500 4000 4500 5000
tf Invariant Mass (GeV/c?) tf Invariant Mass (GeV/c?)
® Two different analyses: threshold and boosted analysis
SM top pair: I ~b-jet Boosted tops: v b-jet

P P P P
<7 4/\g
Jet~= < ‘fat” jet
® One isolated charge lepton ® One (often non-isolated) lepton
® Missing Er > 20 GeV ® > 2jets, 0 or Ib-tagged jet
o > 4 jets, > | b-tagged jet > Ist and 2nd leading jet pt>150, 50 GeV
N Ist, 2nd, 3rd and 4th leading jet p>70, 50, 30, 30 GeV ) Missing Er > 50 GeV, Ht > 150 GeV

12
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Top Pair Resonances (I+jets)

® Strategy: Mass reconstruction

® Final discriminator used to set

limits
» 0 or = |b channel

® Transition region between
threshold and boosted regimes at

M= | TeV

»  Corresponds to Pr(top) = 350 GeV

event yield

data / bkg

® Combined upper limits for narrow and

wide resonances

»  Exclude gKK masses below 2.5 TeV

»  Exclude masses of narrow(wide) Z° below

2.1(2.7) TeV

CMS-PAS-B2G-12-006

CMS Preliminary, 19.6 fb", Vs = 8 TeV 0 b-tag CMS Preliminary, 19.6 fb", Vs = 8 TeV > b-tag
i )
10°F — @ 10° g
I others > - I others
Ry Igzjgi g = - — Z 1.0TeV/c? (1%)
10°g I e zaoTevic (i) | 2 10°E L 2 0Tevict (19)
i ‘- Y Uncertainty G F Uncertainty
H + CMS Data 2012 B : e —e— CMS Data 2012
10k Euﬂets, NlHag =0 10¢ Py e u+jets, Nb_(ag >1
10" — 10" i
0 1000 2000 3000 4000 52000 0 1000 2000 3000 4000 500
M, [GeV/c?] M, [GeV/c?]
2 g) 2
1.5 + - 1.5
1 ‘0“0000.‘“4.+ } = § 1 %eoteeteret, ) ++
0.5 * + * 0.5 +
% 7000 2000 3000 4000 5000 % 7000 2000 3000 4000 5000
CMS,L=19.6 fb", is=8TeV KK Gluon
p—
r- M hreshold —— Expected (95% CL)
m = thresho --=== Observed (95% CL)
x} i J boosted o
o]e
e 10 ~_| [ ] Expected £ 1s.d.
- =
E c \r\\ x [ Expected £ 2 s.d.
: 1 5 -h - VALLTYS l;.- \
- =
0 -
% 1 ) I =
1 O_ = te. L Bas. \
! =
10—2“lllllllllllllllllllllllllu
15 2 25 3
Mff [TeVl
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Top Pair Resonances( all hadronic)

® CMS uses the JHU-based top tagger
® Dijet event topology
» 2 jets pr > 400 GeV
» Rapidity separation |Ay| < I.0
-  Enhances sensitivity at high

mass

CMS Preliminar¥, Vs =8 TeV. 19.6 fb"
.E 0.07 | T T I T T T T I T 1 T T I IIIIIIIIIII I_'
m - ]
- :_ —— 2 TeV Narrow Z' _:
"(é) 0.06 - —— 3TeV Narrow Z' ]
Cl>> - — Data .
T 0.05:— m;>2 TeV _:
° N .
c 0.04 -
S li . ]
S 003 JI N _:
L C ]
0.02— -
0.01 —
O 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 L I 1 1 1 1 Ll .
0 0.5 1 1.5 2 2.5 3 3.5 4

Jet Rapidity Difference |Ayl

® Main background is multijet events

» Determined from data using a
mistag rate applied to loosened
selection

CMS-PAS-B2G-12-005

CMS Fl'rellimilnarl'y, \s =8 TeV, 1|9.6|fb'1| .

R = 7 L e
© 1000 e Data
% - [ 1 Non-Top Multijet
O g0l B swm t
o L ——— 1 TeV RS KK gluon
Qo - ——— 2 TeV RS KK gluon
E) 600 - ——— 3 TeV RS KK gluon
= B
m —
> |
W 400 —
200
_ e I UL M
800 1000 1500 2000 2500 3000
tt Invariant Mass (GeV/c?)
3 - T 2
2 | LI
= B
% ;é_ . HI%! ! oe 8
Zﬁ -1 E— ki l&i '?‘5 Dc';s
-2;— -1.5 8
3E . L ! ! -2
500 1000 1500 2000 2500 3000
R CMS I?rellimilnaTy,\IE=|8:I'e\ll, 1?.6lfb'1l -—
Al
CS') 10° = —e— Data
© = 1 Non-Top Multijet
0 - T
o ——— 1 TeV RS KK gluon
SUB V=S — 2TeV RS KK gluon
? = —— 3TeV RS KK gluon
T B
2
L 10 =
1
= i
500 1000 1500 2000 2500 3000
tt Invariant Mass (GeV/c?)

Predicted
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Top Pair Resonances( all hadronic)

® Results

» Narrow (1%) £’ exclusion to 1.65 TeV
»  Wide (10%) Z" exclusion to 2.35 TeV

» RS KK gluon exclusion to 1.8 TeV

® Limit on general enhancement (arxiv:1103.2765)

» use a simple counting experiment with events

having m¢ > | TeV

Process Events
SM tt 507 + 269
Non-Top Multijet 6602 =723
Total Background 7109 =771
Observed Data 6887
tt Efficiency (34+17)-107*

® New result

» setlimitof § < 1.79 (expect S <2.29) at 95% CL

S —

f mg>1TeV/c?

dospr+Np dmtf

dmt;

f mg>1TeV/c?

dosm _
dmg QM

10 EMS Preliminary, s = 8 TeV, 19.6 fo”

CMS-PAS-B2G-12-005

1% Width Z'

o) 3
=C -
= k. amszuus Expected Limit ]
Observed Limit 7
il B e - 1o -
N = 3 =20 3
T - = = == Topcolor Z'x 1.3, 1% Width -
L = = = = Topcolor Z'x 1.3, 1.2% Width -
\% - (Harris, et. al.) —
5 10" E E
c = =
S - -
E I .
J , .
P [ = St =
O S BRI =
R - Sirs. .
Vo) ~3s. N
o = Sis]]
10'3 1 1 1 I 1 1 1 I L 1 1 I 1 1 1 I L 1 1 I 1 1 1 I 1 L 1 I 1 1 1 I 1 L 1 I 1 1 I~
1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000
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. CMS Fl’rellimilnaTy, Vs =8 TeV, 19.6 fb” | |
N [ :_I T T T T T T T T T T T T T T T
§ 1000— —e— Data
) - (1 Non-Top Multijet
O go0l- B s i
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~~ —
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w400
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~ o cissmoigolo g
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t+b resonance (W' —tb)

®  Search for W’ —tb in semiletopic channel See talk by Thiago this morning — CMS-PAS-B2G-12-010

CMS Preliminary, 19.6 fb” at (s = 8 TeV

III|IIII|IIII|IIII|IIII| ||||||||||||||
—e— Data

’ i tt + Single-To
Complementary toW' = v 10* E etjetsN =1 —his fz,Y*J’.TWj
Eooe W, x 20, m=1.8 TeV 3
== Wpx20,m=2.0TeV -
- = Wgx20,m=25TeV 3
—= W x20,m=3.0TeV 3

BEZ] Uncertainty

®  An arbitrary combination of left- and right-handed

couplings is allowed

Events / 50 GeV
3,

L —Vfif’g fou(@y - (L+9)+ak . (1—9))W" f;+ Hc _
2/2°%7 {TEN fif; _fif; ] 8
5 ]
® Event Selection ° 500 7000 1500 2000 2500 3000 3500 4000
M(tb) [GeV]
4 Isolated lepton(e/p) CMS Preliminary, 19.6 fb™ at (s = 8 TeV
"'I""I""I""I""I"_'._'Bat'a """"
4 >2 jets with pt > 120,40GeV (=1 b-jet) 104E petsN, =1 =;§;§19;;Igﬁmvj

----- W x20,m=1.8 TeV 3
> Missing Er > 20 GeV Tl W sy 4
—= W5 x20,m=3.0TeV 3
BEZ Uncertainty

° Mass reconstruction

4 m(l+V) = mw, m(j*1+V) «<>mp, m(topt+another j)

Events / 50 GeV
3,

° Additional selection

2 130 < meop < 210 GeV, pr(top) > 85 GeV and pr(ji, j2) > 140 GeV

®  Background modeling

500 1000 1500 2000 2500 3000 3500 4000
»  Wijets: Shape from pre b-tag sample M(tb) [GeV]

o(Data-MC)
o

4 ttbar: Data/MC ratio function for prt(top) obtained from a ttbar enriched region and re-weight MC
16
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t+b resonance (W —tb)

CMS-PAS-B2G-12-010

® For W' bosons with right-handed couplings to fermions, we exclude
masses below 2.03 TeV at 95% C.L.

® We also set limits on W masses for arbitrary left- and right-handed

couplings

CMS Preliminary, 19.6 fb'at s = 8 TeV CMS Preliminary, 19.6 fb™' at Vs = 8 TeV 2300
g of T “tneony e, |k PN
Q. = — W, S i B <))
= L a'-—o ar=1 . Theory M'> My, " - I 21505
< —— 95% CL observed 0.8~ 12000~
1 L S — 95% CL expected = — —1850%
o - | +16 expected . . i S
T o - +20 expected I 0.6 1700
L 107 SN E ' | 11550
S e = /—\ |
. O — ] 0.4 | 1400
X g2 TSRS : | 1250
L S i '
= " Invariant Mass Analysis 0.2~ : : | 1100
T > 1 I Invariant Mass Analysis l
o 10°F e/u+jets Nb tags 5 | 95% CL Observed —1950
3 i T TR R ST T R T 0 | A O AT SN R NN NN SRR MR [ N i I j _800
o 1000 1500 2000 2500 3000 0 02 04 06 0S8 1

W' Mass [GeV al

|7
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Excited Top

® Search for excited top quark t*—t+g

® Event Selection:

» Isolated lepton(e/M), missing Et, =6 jets (| b-jet)

® Kinematic constraints to reconstruct
candidate t* mass

»  Distribution used in limit setting

CMsS Prellmlnary L 19. 6(Muon & EIectron) fb1 VE

Exclude t* quarks > 794 GeV

8 TeV

10F

LI lIIIIIl
L4

o(pp — t*t*X) [pb]

%% %% % % %

0 K2 0.0’0.0.0.0 0 0. 5 . . .

Cmmmw oy,

Q
KK

- Expected Limit at 95% CL: M, > 738’ Gevic "
E Observed lelt at 95% CL M > 794 GeV/c

observed limit
----- expected limit
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CMS-PAS-B2G-12-014

CMS Preliminary 2012 19.6 fb™' /s=8TeV
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Baryon Number Violating Top

CMS-PAS-B2G-12-023

® Baryon number violation (BNV) :indication to new physics (SUSY, GUT, ...)

® Probing BNV in top-quark decay motivated by

»  Good identification of top events
»  Access to BNV at the quark level (before hadronization)
» BNV at ~O(TeV) energy scale

pp —> tt = bW "bcu™ — bgq' bcu”

® Event Selection: ® Strategy:
: »  Look for BNV decay in tt events with a top—all-
»  Isolated lepton(e/H) with pr>30(25) GeV had decay 4 P
» =5 jets pr>30-70 GeV(l b-jet) »  Enhance possible BNV decays of
»  Missing Er < 20 GeV » top—bcH or top—bue

> Compatibility with SM-BNV ttbar decay > Fix tt and Wt normalization using data

_ 9 »  Likelihood fits to data after event selection with
2= Z (: _‘T‘i) - X2, <20 signal (BNV BR as a parameter) and background
i o7 hypotheses

19

Tuesday, June 25, 2013


http://cds.cern.ch/record/1550330?ln=it
http://cds.cern.ch/record/1550330?ln=it
http://cds.cern.ch/record/1550330?ln=it
http://cds.cern.ch/record/1550330?ln=it
http://cds.cern.ch/record/1550330?ln=it
http://cds.cern.ch/record/1550330?ln=it

Baryon Number Violating Top

3
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® Results: BF limits for BNV decay of top quarks into | lepton + 2 jets

Muon

Electron

95%CL

Obs. Limit

95%CL
Exp. Limit

68%CL
Exp. Limit Ranae

[0.0017, 0.0042]

@.lnloilal=lel0.0015

0.0017 0.0031 [0.0018, 0.0045]
0.0029  |[0.0016, 0.0042]
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Summary and Conclusions

® Many new analysis results related to top quark in
final state from CMS are presented

» Mass reach continues to increase, now setting
multi-TeV scale exclusions!

» We have reached the critical mass of ~650
GeV/c? at which fermion’s weak interactions

become non-perturbative
M.S. Chanowitz, M.A. Furman, |. Hinchcliffe, Phys. Lett.B78, 285 (1978)

® These analyses benefit greatly from the use of
substructure tools

» Specialized reconstruction techniques to
maintain sensitivity in the boosted regime
»  Will become even more critical during the next

LHC run at higher energy!

® Many new results are awaited. Stay tuned!

21
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Status @ 7 TeV

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

® t pair search

» leptontjets channel
» dilepton channel

® b search

» leptontjets channel

@t — WbWb — lvbbgq)

(t't' — WbWb — lublih)
G — WtWt — bWWOW W)

» same sign dilepton + trilepton channel

® |nclusive t' and b’ search

» singly produced
» pair produced
® T vector like pair
» leptontjets
» trilepton channel

® B vector-like pair

® Ts5;3 search

(b — bIVb
b't — tWbW — bW W bW

o't — tWoW — bWWbHW
t't — bWOW

PLB.2012.10.038, EXO-11-099

PLB.2012.07.959, EXO-11-050

JHEP 01 (2013) 154, B2G-12-004

kb’B’ — tWtW — bWWbW W,

(TT = tZt7Z — bbWWZZ )

(BB — bZbZ )
( T3/3T5/3 — tWtW )

® Baryon number violating top decays

24

JHEP05(2012)123
Phys. Rev. D 86 (2012) 112003

JHEP 01 (2013) 154, B2G-12-004

PRL.107.271802. EXO-11-005

CMS-PAS-EXO-11-066

CMS-PAS-EXO-12-003
CMS-PAS-B2G-12-002

Tuesday, June 25, 2013


http://www.sciencedirect.com/science/article/pii/S0370269312010921
http://www.sciencedirect.com/science/article/pii/S0370269312010921
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO11050Winter2012
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO11050Winter2012
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO11050Winter2012
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO11050Winter2012
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO11050Winter2012
http://link.springer.com/article/10.1007%252FJHEP05%25282012%2529123
http://link.springer.com/article/10.1007%252FJHEP05%25282012%2529123
http://link.springer.com/article/10.1007%252FJHEP05%25282012%2529123
http://link.springer.com/article/10.1007%252FJHEP05%25282012%2529123
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO11050Winter2012
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO11050Winter2012
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO11050Winter2012
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO11050Winter2012
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO11050Winter2012
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO11050Winter2012
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO11050Winter2012
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO11050Winter2012
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO11050Winter2012
http://prd.aps.org/abstract/PRD/v86/i11/e112003
http://prd.aps.org/abstract/PRD/v86/i11/e112003
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO11050Winter2012
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO11050Winter2012
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO11050Winter2012
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO11050Winter2012
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO11050Winter2012
http://prl.aps.org/abstract/PRL/v107/i27/e271802
http://prl.aps.org/abstract/PRL/v107/i27/e271802
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO11050Winter2012
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO11050Winter2012
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO11050Winter2012
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO11050Winter2012
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO11050Winter2012
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO11050Winter2012
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO11050Winter2012
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO11050Winter2012
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO11050Winter2012
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO11050Winter2012
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO11050Winter2012
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO11050Winter2012
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G
http://www.sciencedirect.com/science/article/pii/S0370269312008106
http://www.sciencedirect.com/science/article/pii/S0370269312008106
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO11050Winter2012
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO11050Winter2012
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO11050Winter2012
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO11050Winter2012
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO11050Winter2012
http://cds.cern.ch/record/1478430?ln=en
http://cds.cern.ch/record/1478430?ln=en
http://cds.cern.ch/record/1478430?ln=en
http://cds.cern.ch/record/1478430?ln=en
http://cds.cern.ch/record/1478430?ln=en
http://cds.cern.ch/record/1478430?ln=en
http://link.springer.com/article/10.1007%252FJHEP01%25282013%2529154
http://link.springer.com/article/10.1007%252FJHEP01%25282013%2529154
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO11050Winter2012
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO11050Winter2012
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO11050Winter2012
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO11050Winter2012
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO11050Winter2012
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO11050Winter2012
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO11050Winter2012
http://link.springer.com/article/10.1007%252FJHEP01%25282013%2529154
http://link.springer.com/article/10.1007%252FJHEP01%25282013%2529154
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO11050Winter2012
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO11050Winter2012
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO11050Winter2012
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO11050Winter2012
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO11050Winter2012
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO11050Winter2012
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO11050Winter2012
http://cds.cern.ch/record/1478430?ln=en
http://cds.cern.ch/record/1478430?ln=en
http://cds.cern.ch/record/1478430?ln=en
http://cds.cern.ch/record/1478430?ln=en
http://cds.cern.ch/record/1478430?ln=en
http://cds.cern.ch/record/1478430?ln=en

Limits on Branching Fractions

max(B) =

bW max (o) tZ max(o)

400 GeV
450 GeV
500 GeV
550 GeV

1.4006 pb
0.662 pb
0.330 pb
0.171 pb

0.473 pb
0.246 pb
0.213 pb
0.148 pb

max(o)
N2
0.58 0.48 pb 0.58
0.61 0.45 pb 0.82
0.80 0.48 pb
0.93 0.44 pb
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Inclusive vector-like T search

CMS-PAS-B2G-12-015
CMS preliminary Vs=8TeV 19.6 fb™
Combine limits BR(bW)
I800
—750

Expected /
® For inclusive decay of T =bW, tZ,
bH, a mass bound of [687, 782] GeV
is set at 95% C.L for allpossible
branching fractions

—700

—650

[A9D] 3ruur ssejql yaenQ L pajdadxy

Branching Fractions expected observed

Scenario T—bW T—tH T—tZ  limit (GeV) limit (GeV) eoo

©) 0.5 025 025 773 696

1) 0.0 0.0 1.0 813 782 1 £

) 0.0 0.2 0.8 798 766 BR(tZ) BR(tH)

3) 0.0 0.4 0.6 790 747

@) 0.0 0.6 0.4 783 731 o 4

(5) 0.0 0.8 0.2 773 715 CMS preliminary ys=8 TeV 19.6 fb

(6) 0.0 1.0 0.0 770 706 BR(bW) -
7) 0.2 0.0 0.8 794 758 1

(8) 0.2 0.2 0.6 786 739 Observed : Z
9) 0.2 0.4 0.4 777 717 800 =
(10) 0.2 0.6 0.2 767 698 =
(11) 0.2 0.8 0.0 766 694 .
(12) 0.4 0.0 0.6 786 734 S
(13) 0.4 0.2 0.4 776 705 =
(14) 0.4 0.4 0.2 766 693 700 &
(15) 0.4 0.6 0.0 762 690 =
(16) 0.6 0.0 0.4 779 703 2
(17) 0.6 0.2 0.2 771 693 650 =
(18) 0.6 0.4 0.0 769 687 =
(19) 0.8 0.0 0.2 779 695 oo =
(20) 0.8 0.2 0.0 777 689 L O
1) 1.0 0.0 0.0 785 700 1 5 1 <

26 BR((Z) BR(tH)
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CMS Top Tagger OMS-PAS-B2G-12-005

CMS Preliminary, Vs =8 TeV, 196 fb"_

» Validated in a lepton+jets selection %
— S 140

» Pure sample of tt events >

0]

o

|III|III|III|III|IIIIII

IIIIIlllIII|IIIIIII|III|IIIIII

~ e Data
I
= [ Wadets
\ DZ+Jets
» W mass peak serves as a calibration of 20;— ......... [ single Top
the subjet energy scale oL P R R
0 100 200 300 400 500 600

Top Candidate Jet Mass (GeV/c?)
CMS F’lrellirpirllarv,I ‘E. = 8'T?V" 19.6 flb-1] |

I I I I I I 1 I I

S F B ] & F -

= 1800 4 S 200f . Data .

— - 2 — ]

8 1600 - mPATA = 84.3 + 0.3 GeV/c - 8 180 - . tt -

0 1400 m\')"vc = 83.7+0.2 GeV/c? _- o 160 — . W+Jets =

?) 1200 = = T 140 ;_ [ ]Z+Jets —;

-+ — _ (7)) — . 7

i) 1000 e Data — ..GE) 1@3 = [ single Top -

— B _ — ]

" 800 B W ets 4 O ek :

- [ JNon-W MJ ] 80 - =

600 o2 . g - [C] Z+jets E 60— —

400 = 2 [ Single Top B - Z

- %. — Datafit . 40— —

— . == MC fit ] — .

% 20 40 60 80 100 120 140 160 180 200 00— 20 40 60 80 100 120 140
Hadronic W Jet Mass (GeV/c") Minimum Pairwise Mass (GeV/c®) .
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Top Pair Resonances( all hadronic)

CMS-PAS-B2G-12-005

Process | tt | NTM]J RS KK gluon
Mass (TeV/c?) 1 15 2 25 3
Systematic Source Variation Effect of Systematic
Trigger Efficiency 2 2 2 2 2 2 2
Jet Energy Scale ~+5 |1 B v A X
Jet Energy Resolution f(n) 03 102 103 304 103
Luminosity +4.4 44 44 44 44 44 44
Top Tagging Scale Factor 85.7 +7.8 8.4 84 84 84 84 B84
NTM] Determination See Text 4.9
NTM]J Closure Test See Text +48
tt Cross Section +50 50
Process Z' (1% Width) Z" (10% Width)
Mass(TeV/c¢*)| 1 15 2 3 |1 15 2 3
Systematic Source Variation Effect of Systematic
Trigger Efficiency 2 22 29 29 2 29 gg gz 2 i
-~ +23 -19 -79 -1 | +19 -09 -52 -7
et ergy Rsaotion | /)| 68 265 81 o8 w6l
Luminosity +4.4 44 44 44 44| 44 44 44 44
Top Tagging Scale Factor 85.7+7.8 84 84 84 84|84 84 84 84
NTM]J Determination See Text
NTM] Closure Test See Text
tt Cross Section +50
28
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B’ search with multileptons

® Event counts for 4 leptons

CMS-PAS-SUS-12-027

0-t, 0-b 1-7, 0-b O-t,1+ b 1-t,1+ b

Nossp  onZ St(GeV) obs exp obs exp obs exp | obs exp

0 - St > 2000 GeV 0 0 + 0.009 0 0 + 0.009 0 0+ 0.009 0 0 £ 0.009

0 - 1500 < St < 2000 GeV 0 0 + 0.009 0 0 + 0.009 0 0+ 0.009 0 0 £ 0.009

0 - 1000 < St < 1500 GeV 0 0 =+ 0.009 0 0 + 0.009 0 0 = 0.009 0 0+ 0.009

0 - 600 < St < 1000 GeV 0 0 + 0.009 0 0.01 + 0.01 0 0.01 + 0.02 0 0 £ 0.009

0 - 300 < St < 600 GeV 0 0.009 + 0.01 0 06+05 0 0.0007 + 0.009 0 0.11 + 0.07

0 - 0 < St < 300 GeV 0 0.004 -+ 0.009 2 0.16 + 0.08 0 0.0002 + 0.009 0 0.14 + 0.09

1 offZ St > 2000 GeV 0 0 + 0.009 0 0 + 0.009 0 0+ 0.009 0 0 £ 0.009

1 onZ St > 2000 GeV 0 0 + 0.009 0 0 + 0.009 0 0+ 0.009 0 0 £ 0.009

1 offZ 1500 < St < 2000 GeV 0 0 =+ 0.009 0 0.007 £+ 0.01 0 0 = 0.009 0 0+ 0.009

1 onZ 1500 < St < 2000 GeV 0 0 + 0.009 0 0.01 + 0.01 0 0.009 + 0.01 0 0 £ 0.009

1 offZ 1000 < St < 1500 GeV 0 0.001 + 0.009 0 0.06 + 0.03 0 0.01 +0.01 0 0.001 £+ 0.009

1 onZ 1000 < Sy < 1500 GeV 0 0.03 + 0.02 0 0.05 + 0.03 0 0.06 = 0.04 0 0.02 = 0.02

1 offZ 600 < St < 1000 GeV 0 0.02 = 0.02 2 0.15 + 0.05 0 0.03 = 0.02 0 0.09 = 0.05

1 onZ 600 < St < 1000 GeV 0 0.18 + 0.06 0 0.7 +013 0 0.22 +0.13 0 0.32 +0.14

1 offZ 300 < St < 600 GeV 0 0.07 + 0.02 1 0.7 +0.15 0 0.1 +0.06 0 0.47 +0.21

1 onZ 300 < St < 600 GeV 2 0.6 +0.17 5 47 + 07 0 047 +0.25 1 07 +£0.23

1 offZ 0 < St < 300 GeV 1 0.17 £+ 0.05 9 4+12 0 0.009 + 0.01 0 0.19 = 0.11

1 onZ 0 < St < 300GeV 0 1.2 +0.38 18 18 £5.2 2 0.02 = 0.02 2 0.37 £ 0.17

2 offZ St > 2000 GeV 0 0 + 0.009 0 0+0 0 0+ 0.009 0 0+0

2 onZ St > 2000 GeV 0 0.001 + 0.009 0 0+0 0 0.01 +0.01 0 0+0

2 offZ 1500 < St < 2000 GeV 0 0 =+ 0.009 0 0+0 0 0 = 0.009 0 00

2 onZ 1500 < St < 2000 GeV 0 0.02 + 0.01 0 0+0 0 0.002 = 0.009 0 0+0

2 offZ 1000 < Sy < 1500 GeV 0 0.004 + 0.01 0 0+0 0 0 = 0.009 0 0+0

2 onZ 1000 < St < 1500 GeV 0 0.27 + 0.06 0 0+0 0 0.04 + 0.02 0 0+0

2 offZ 600 < St < 1000 GeV 0 0.04 +0.01 0 0+0 0 0.04 + 0.02 0 0£0

2 onZ 600 < St < 1000 GeV 1 26 +05 0 0+0 1 045+ 0.14 0 0+0

2 offZ 300 < St < 600 GeV 1 0.46 + 0.1 0 0+0 1 0.1 +0.06 0 0+0

2 onZ 300 < St < 600 GeV 10 19 + 3.8 0 0+0 2 14 +0.39 0 0£0

2 offZ 0 < St < 300GeV 4 34+09 0 0+0 0 0.07 = 0.03 0 00

2 onZ 0 < St < 300 GeV 68 56 +13 0 0+0 1 0.44 +0.12 0 0+0
Totald All All 87 84 +19 37 29 + 6.9 7 3.6 £ 1.1 3 2507
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® Event counts for 3 leptons

B’ search with multileptons

CMS-PAS-SUS-12-027

0-t, 0-b 1-T, 0-b 0-r,1+ b 1-t,1+ b
Nossr OSSF Mass S1(GeV) obs exp obs exp obs exp obs exp
0 - St > 2000 GeV 0 0 + 0.009 0 0+02 0 0+ 0.01 0 0+02
0 - 1500 < St < 2000 GeV 0 0.01 + 0.01 0 0.003 0.2 0 0+0.01 0 0.5+ 048
0 - 1000 < St < 1500 GeV 0 0.07 +0.03 0 04 +0.22 0 0.6 +0.5 2 1.3+£09
0 - 600 < St < 1000 GeV 2 21+12 17 9+35 1 33+ 16 23 20+ 10
0 - 300 < St < 600 GeV 14 13 £ 57 129 134 + 53 20 16 = 6.5 206 186 + 98
0 - 0 < St < 300 GeV 30 37 £ 10 555 581 + 130 22 13 +59 150 150 +72
1 My, > 105GeV St > 2000 GeV 0 0.0005 = 0.01 0 0+02 0 0+0.03 0 0+02
1 Mpy p— < 75GeV St > 2000 GeV 0 0.002 + 0.01 0 0+02 0 0+0.03 0 0+02
1 onZ St > 2000 GeV 0 0.12 +0.04 0 0.005 £ 0.2 0 0.01 +0.04 0 0+02
1 My p— > 105GeV 1500 < St < 2000 GeV 0 0.08 + 0.04 0 0.2+02 0 0.06 +0.04 0 0.05 £+ 0.05
1 Mpy p— < 75GeV 1500 < St < 2000 GeV 1 0.02 +0.03 0 0+02 0 0.06 +0.04 0 0+02
1 onZ 1500 < Sy < 2000 GeV 2 0.5+ 028 0 0.12 +0.08 0 0.11 + 0.07 0 0.07 £ 0.05
1 My, > 105 GeV 1000 < St < 1500 GeV 0 0.46 +0.11 0 0.6 +0.28 0 0.15 + 0.07 1 09+06
1 Mpyp— < 75GeV 1000 < St < 1500 GeV 0 0.41 £+ 0.08 0 0.2 +0.12 0 0.16 + 0.08 0 0.6 =06
1 onZ 1000 < Sy < 1500 GeV 6 76 +13 3 24 +05 1 1.6 £ 043 1 0.8 +06
1 My, > 105 GeV 600 < St < 1000 GeV 6 52+1.2 12 85+26 3 39+15 13 98 +54
1 Mmpy p— < 75GeV 600 < St < 1000 GeV 2 47 +09 11 6.8 +25 0 33+ 1.1 5 51+28
1 onZ 600 < St < 1000 GeV 42 56 +7.6 48 35+72 7 1027 10 6.5+19
1 My, > 105 GeV 300 < St < 600 GeV 34 31453 149 170 + 39 12 17 £ 6.1 80 73 +£35
1 Mmpy p— < 75GeV 300 < St < 600 GeV 34 38+ 6 139 128 + 29 26 23+9 87 81 +35
1 onZ 300 < Sy < 600 GeV 314 356 + 45 1023 1219 + 290 63 44 + 81 131 132 + 31
1 Mgy > 105 GeV 0 < St < 300 GeV 81 97 +£ 9.5 799 761 = 182 11 11 =46 50 41 +17
1 mpyp— < 75GeV 0 < St < 300 GeV 308 325 + 36 4933 4208 + 1033 31 35+ 13 146 129 + 38
1 onZ 0 < St < 300 GeV 2054* 2260 + 213 24078 22191 + 5517 57 67 +93 391 369 + 87
Total3 All All 2930 3239 + 308 31896 29460 + 7204 254 252 + 59 1296 1211 + 351

30

Tuesday, June 25, 2013



http://cds.cern.ch/record/1494689
http://cds.cern.ch/record/1494689
http://cds.cern.ch/record/1494689
http://cds.cern.ch/record/1494689
http://cds.cern.ch/record/1494689
http://cds.cern.ch/record/1494689

B’ search with multileptons

CMS-PAS-SUS-12-027

® Systematic Uncertainty

Source of Uncertainty Uncertainty
Luminosity 4.5% [27]
PDF 14% [28]
Renormalization Scale 10% [28]
EDUss Res (EMss): 0-50 GeV, 50-100 GeV, > 100 GeV | (-3%, +4%, +4%)
Jet Energy Scale W=Z 0.5% (WZ)
B-Tag Veto (CSVM) 0.1% (WZ), 6% (tt)
Muon ID/Isolation at 10 (100) GeV /¢ 11% (0.2%)
Electron ID/Isolation at 10 (100) GeV /¢ 14 % (0.6%)
tt xsec/ fake rate 50%
WZ xsec 6%
/7 Xsec 12%
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Introduction

® The LHC is a top quark factory

»  With large dataset many decay channels can be analyzed independently

® A perfect final state to probe new physics!

»  Unique event signatures
»  Can provide solution to the hierarchy problem without SUSY

»  Special techniques for top reconstruction can increase mass reach

® Jop quark partners

»  Sequential Fourth fermion generation existence is disfavored by
the discovery of Higgs boson, several other models exists

B(t")

R Vector-like quarks: Transforms as (3,/,+2/3) under SU(3). %X SU(2)wx U(I)y
would mix with the top quark Rakhi Mahbubani et.el. JHEP 0906:001 (2009)

- Ts/3 top partners: Transforms as (3,1,+5/3) and strong sector respect the
Contino & Servant, JHEP 0806:026 (2008)
SU(2). % SU(2)rx U(1)x Mrazek & Wulzer, Phys. Rev. D 81,075006 (2010)

® TJop pair resonances
»  Models that predict enhanced couplings to the third generation of SM
o Z’, RS KK gluon production

® t+b and ttjets resonances

= W', t* decays
32

08}
0.6}
04
02}

00t

H H
t
10 [
.
1
1
\Y
‘\
________ tr->Whb
t'—>ht
L~ ﬂ _____ ' —>Zt
300 400 500 600 700 an
m, [GeV]

Branching fractions of t’:
(Mh = 125 GeV, sin OL = 0.1)
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