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Compact Mucn Solenod

Models beyond SM Physics

Carnegie Mellon

Heavy top partners arise in many extensions of the Standard Model.

Some examples are:
4th generation

Little Higgs theories

Compositeness (composite Higgs models)
Extra dimensions

Gauged flavor group

4" generation: t'->Whb, b’->Wt
Vector-like: T->Whb, tZ, tH B->Wt, bZ, bH

Quarks with exotic charges 5/3, -4/3:
X(T5/3)->Wt, Y(T-4/3)->Wb
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CMS detector

Detector characteristics Ly =
Widih:  22m ;

Dameter: 15m
Weight:  14'500
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Compact Mucn Solenod

CMS searches, 7 TeV Physics

Carnegie Mellon

1) CMS-PAS-EXO-10-018. Search for a heavy bottom-like quark in pp collisions at sqrt(s)=7 TeV.
Phys. Lett. B 701 (2011) 204.

2) CMS-PAS-EXO-11-005. Search for a vector-like quark with charge 2/3 int + Z events from pp
collisions at sqrt(s) = 7 TeV. Phys.Rev.Lett.107(2011)271802.

3) CMS-PAS-EXO-11-036. Search for heavy bottom-like quarks in 4.9 fb”-1 of pp collisions at
sgrt(s) = 7 TeV. JHEP 05 (2012) 123.

4) CMS-PAS-EXO-11-050. Search for heavy, top-like quark pair production in the dilepton final
state in pp collisions at sqgrt(s) = 7 TeV. Phys.Lett. B716(2012)103.

5) CMS-PAS-EXO-11-066. Search for a vector-like quark of charge -1/3 and decaying to bZ in
pp collisions at sqrt(s)=7 TeV. https://cds.cern.ch/record/1460386

6) CMS-PAS-EXO-11-098. Combined search for the quarks of a sequential fourth generation.
Phys.Rev. D86(2012)112003.

7) CMS-PAS-EXO-11-099. Search for pair produced fourth-generation up-type quarks in pp
collisions at sqrt(s) = 7 TeV with a lepton in the final state. Phys.Lett. B718(2012)307.

8) CMS-PAS-B2G-12-003. Search for a heavy partner of the top quark with charge 5/3.
http://cds.cern.ch/record/1478430?In=en

9) CMS-PAS-B2G-12-004. Search for heavy quarks decaying into a top quark and a W or Z
boson using lepton+jets events in pp collisions at sqrt(s) = 7 TeV. JHEP 01(2013)154.
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Compact Mucn Solenod

CMS searches, 8 TeV Physics

Carnegie Mellon

10) CMS-PAS-B2G-12-012. Search for top partners with charge 5e/3 in the same-sign dilepton
final state.

https://cds.cern.ch/record/1524087

11) CMS-PAS-B2G-12-015. Inclusive search for a vector-like T quark by CMS.
https://cds.cern.ch/record/1557571

12) CMS-PAS-B2G-12-019. Search for vector-like bottom quark partners in lepton + jets
events in pp collisions at sqrt(s) = 8 TeV. NEW
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G12019

13) CMS-PAS-B2G-12-021. Search for pair-produced vector-like quark of charge -1/3 and its
antiparticle that decay to bZ or tW using dileptonically reconstructed Z boson+jets final state
in pp collisions at sqgrt(s) = 8 TeV with the CMS detector. NEW
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G12021
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Analysis strategies Physics

Carnegie Mellon

1) Multiple leptons (or double leptons same sign).
EXO-10-018, b’b’—-tWtW, trileptons and same-sign dileptons, L=34 pb-1, M(b‘) > 361 GeV.
EXO-11-005, TT—tZtZ—bW+bW- ZZ—(I+1-)I+ +jj, L=1.14 fb-1, M(T)>475 GeV.

EXO0-11-036, b’b’—tWtW—bW+bW-bW+bW- —I+l+b 3j Pt_miss, L=4.9 fb-1, M(b")>611 GeV.

B2G-12-003, T(5/3)T(5/3) -> tW tW -> W+W+b W-W-b -> [+v I+v b 49 b, same sign dilepton,
L=5.0 fb-1, M > 645 GeV.

B2G-12-012, 8 TeV, T(5/3)T(5/3) -> tW tW -> W+W+b W-W-b -> I+v |+v b 4gb, same sign
dileptons, boosted objects, L= 19.6 fb-1, M > 770 GeV.

2) Double leptons with opposite sign.
EXO-11-050, t't—bW+bW- —bl+v bl-v, L=5 fb-1, M(t")>557 GeV.

EXO-11-066. BB-> bZ(Z->I+I-) B’, L=4.9 fb-1, M>550 GeV.

B2G-12-021, 8 TeV, BB-> bZ(Z->I+l-) B, L=19.6 fb-1, M>700 GeV. NEW
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Comeact Muon Solero d

Analysis strategies Physics

Carnegie Mellon

3) Single lepton.
EXO-11-099, t't'->bWbW, kinematic fit, M>570 GeV.

B2G-12-004, QQ(BB) -> tWtW, QQ(TT) -> tZtZ, L=5.0 fb-1, M(Q) > 675 (625) GeV
for Q decaying to tW (t2).

B2G-12-019, 8 TeV, B->tW, bZ, bH, single lepton, 4 jets, E_Tmiss, boosted objects,
L=19.8 fb-1, M > (582-732) GeV depending on BR. NEW

4) Combined searches.

EXO-11-098, b'b', t't", b't, t'b, t'b’, t'->bW, b'->tW, Mt'=Mb’, model dependent, 1,2,3 leptons,
L=5.0 fb-1, M > 685 GeV.

B2G-12-015, 8 TeV, T -> Wb, tZ, tH. Single, double and trilepton events, boosted objects,
BDT, L= 19.6 fb-1, M > (687-782) GeV depending on BR.
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CMS EXO-11-099, 7 TeV. t',

single lepton, kinematic fit

- Compact Mun Solernd

Phy51cs

L¢lrllegle Mellon

t't'—->WbWb—Ilvb qqgb

Single lepton (e, w), at least 4 jets (Pt>120,90,50(30),35(30) GeV),
at least one b-tagged jet, Pt_miss>20 GeV.

Kinematic fit:

m(lv)=m(qq)=MW
m(l vb)=m(qgb)=Mfit

All possible jet-quark assignments,

but b-tagged jet(s) assigned to b-quark(s).
If 5 jets, all combinations of 4 from 5 are
considered. Combination with minimal
chi2 is selected.

MS Vs =7 Te -1 A ok " <7 TV
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200 400 SUOM“S?E_-C{;]UO 200 400 eooMr:migjcﬁon Of f|.na| Ol.:)JeCtS_ . . .
STTY oo CMSsmultion =770y 2-dimentional distribution
% ool "1 of Mfit and Pt is used
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500 ﬁ' “Other Bkg S0E T (550 GeY)
200 400 600 800 1000 200 400 600 800 1000
M. [GeV] M,, [GeV]

fit
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EX0-11-099, 7 TeV, t, Phivelcs
single lepton, kinematic fit g_é/f/

:é
v
.

3

Carnegie Mellon

CMS simulation (s =7 TeV T (550 GeV) 2-dimentional distribution was recast into

= 35 % 1-dimentional. Bins sorted in order of
S 302 ascending S/B ratio.
= 25 € Bins merged until the fractional statistical

uncertainty in the event yield in the combined
bin is below 20% for both signal and background.

Cross section upper limit for combined
e and mu channels:

CMS \s= 7 TeV L+jets (4.9 b ), e+jets (5.0 fb’ )

200 400 600 800 1000 — | T s
= [ —e— observed | i
M, [GeV] E" L e expected -
[ flo expected

o CMS s =7 TeV L=4.9fb" ! +26 expected 3
8 10 u+jets * Data — t'1" predicted E
E et i

£10° £ B Other Bkg ;
5 “t'T (550 GeV) x50 - 107 :
10° " E CL, 95 ‘%’Ii; CL upper limits | | :

400 450 500 550 600
10 M,. [GeV]
Expected mass limit: 590 GeV, observed: 570 GeV.
0 10 20 30
s/b Rank
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Boosted objects

Physics

Carnegie Mellon

With high mass of quark and high Pt of W et
boson jets from decay start to merge and W/ﬁ
look like one jet. Advanced techniques of  » 4 p
jet reconstruction are used. Q\%ﬁ

jet jet

b-jet
“Wide"” jet

“Narrow” jets — AK5 (anti-kt R=0.5), “wide” jets — CA8 (Cambridge-Aachen R=0.8).

b b R Ry
g _ Ryp —
mass drop filter

Algorithms, producing subjets -> “split jet”. With mass cuts and/or MVA methods

they can be tagged as W/Z, top, H.

Boosted techniques are used in 8 TeV analyses.

30 August 2013 I. Vorobiev. Vector-like quarks in CMS.
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B2G-12-012, 8 TeV, T(5/3), sa Phvsics

Carnegie Mellon

Ts 5153 > WIW > W "W DWW b > lvIiv4qg 2b

Boosted objects: Jets with Pt > 200 GeV
W Jet = CAJet with 60 GeV < M < 130 GeV, N subjets=2
Top Jet = CAJet with 140 GeV < M < 250 GeV, N subjets = 3

Using boosted objects allows to probe cross sections of T(5/3) 13%
lower than otherwise would be possible.

H;=1178 GeV C \ Hy=1274 GeV
\ CATop let
AK5 Jet =
y A AKS Jet .~ py=633 GeV
pr =44 GeV ; \ n=03
-01 pr=472 GeV
AKS Jet n ' n=-0.2
pr=52 GeV
n=0.5
M\\R\ | AKS Jet
178 Gev pr =88 GeV
ET= 1.2 n=-18 Electron
Muon AK5 Jet " pr=69 GeV
p; =96 GeV pr =66 GeV n=0.1
=-1.0 \ 1
? AKS Jet n= 1.4 n <
AKS Jet pr = 94 GeV AKS5 Jet \ 1\
pr=154GeV n=0.5 pr =352 GeV \ Muon
n=1.6 n=0.2 \ pr =154 GeV
CMS Experiment at LHC, CERN CMS Experiment at LHC, CERN n= 03
Data recorded: Wed Jul 25 23:08:29 2012 CDT Data recorded: Sat Dec 1 05:51:47 2012 CDT \
Run/Event: 199699 / 275039437 Run/Event: 208357 / 25787738 \ :
Lumi section: 218 Lumi section: 26 \ /:‘».
Orbit/Crossing: 56897344 / 577 Orbit/Crossing: 6689606 / 1102 >
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B2G-12-012, 8 TeV, T(5/3), same sign leptons

Physics

Carnegie Mellon

HT — scalar sum of Pt of all jets and leptons.

Relaxed selection:

_ _ _ _ ik CMS Preliminary | | g Datal 1]
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CMS — %
B2G-12-015, 8 TeV, T quark, inclusive search |Physics

Carnegie Mellon

Comeact Muon Solero d

Inclusive search for TT—=bWDbW, bWtZ, bWitH, tZtZ, tZtH, tHtH.

All possible combinations of branching fractions can be simulated by combining MC
signal samples with the appropriate weights.

Boosted objects: jets with Pt > 200 GeV
W jet = CAjet with 60 GeV <M < 130 GeV, N subjets=2

Top Jet = CAJet with 140 GeV < M < 250 GeV, N subjets = 3

Boosting is mostly important for T decays to bW because the W boson tends to have large Pt.

Few data samples are used:
1) single lepton channel

2) multiple lepton channels:
two opposite sign (OS) dileptons samples (OS1 is enriched by bWbW, OS2 — by Z),

same sign (SS) dilepton sample (enriched by tZ and tH),
trilepton sample (also enriched by tZ and tH).

Important variables are HT and ST. HT is defined as the scalar sum of all jet Pt and ST as the
sum of HT, Pt_miss, and the magnitudes of all lepton Pt.

30 August 2013 I. Vorobiev. Vector-like quarks in CMS. 13



-~~~} B2G-12-015, 8 TeV, T quark, inclusive sea
— zlegie Mellon

Single lepton channel

To separate TT signal from SM background Boosted Decision Trees (BDT) technique is used.
Variables used are jet multiplicity, b-tag multiplicity, HT, Pt_miss, Pt of objects.
For events with W-jet additionally — number and Pt of W-jets and number of top-jets.
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-
g ; ; : data S5k pesd jets/no Weets - daa
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Events without b-tag:

CMS preliminary  {s=8 TeV 19.6 ' CMS preliminary  {s=8 TeV 19.6 b
ZiA5
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B2G-12-015, 8 TeV, T quark, inclusive search

Multilepton channel

OS1,suppression of top contribution,
(M(lb))min > 170 GeV (mostly WbWhb
state left).

30 August 2013

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

S

G 10 -#-data
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g - [ I
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|
100 200 300 400 500 600
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10"

SS, further filtering: at least 3 jets,

Physics

Carnegie Mellon

HT>500 GeV, ST>700 GeV (WbWb
suppressed, decays to tZ, tH left)).

CMS preliminary Vs=8TeV 19.6 fb"' SS dileptons

L -
1 03 - data
E D ti+bosons
. multi-bosons
[ |non-prempt

e
0

P,

200 400 600 800 1000 1200 1400
S, [GeV]

Pull: (Data — Background)/(Total bkg. error)

Events are separated into 12 categories of events based on N_leptons, lepton
flavor and Z veto. Observed and predicted number of events in 12 subsamples is

used to compute the likelihood.

I. Vorobiev. Vector-like quarks in CMS.
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B2G-12-015, 8 TeV, T qu Iih,/ ySICS

Carnegie Mellon
CMS preliminary Vs=8 TeV 19.6 fb™! mite:
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] % )
g - -
% B2G-12-021, 8 TeV, B quark, Ph} [§ICS
double lepton with opposite sign =
Carnegie Mellon
B pair production, B->bZ(Z->I+1-), tW decays are allowed.
Two opposite sign electrons or muons, 60<M(ll)<120 GeV, Pt(I)>150 GeV;
At least one b-jet with Pt>80 GeV.
Channel 7 —ete” | L —utu
Expected background indata | 379470 | 534479 Background estimated with data driven method.
Observed events 334 542
CMS Preliminary 2012, L = 19.6 fb™' Ns=8TeV CMS Preliminary 2012, L=19.6 fb™! Ns=8TeV
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LIV B2G-12-021, 8 TeV, B quark, Physics

double lepton with opposite sign

- Compact Mun Solernd

Carnegie Mellon

The limits are calculated using a combined fit of the signal and background
shapes to the mass distribution of B candidates obtained in data.

Signal templates of M(B) mass distribution are prepared over the range 450-800 GeV
with different admixtures of the B — bZ and B — tW final states, assuming
BR(B — bZ) + BR(B — tW) = 100%.

The limit from the combined
Z — ete-and Z — p+pu-

— .
for the case BR(B — bZ) = 100%. Dependence on BR(B — bZ)
Expected: 680 GeV, observed: 700 GeV
CMS Preliminary 2012, L =196 fb"! N5 =8 TeV CMS Preliminary 2012, L = 196 fb" Ns=8TeV
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S r BR(b'— bZ) = 100% 1 = = 7 3
= i . — —_— 90 - -
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E B Expected limit +1o ] :l 70 E_ _E
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3 F g a0 E
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B2G-12-019, 8 TeV,
all decays (single le

BB—-tWtW, tWbZ, tWbH, bZbZ, bZbH, bHbH
Single lepton, at least 4 AK5 jets (Pt>200,60,40,30 GeV), at least one b-tagged,

Pt _miss>20 GeV.
Boosted jets, which are consistent with W, Z, H jets: Pt>200 GeV, 50 < Mjet < 150 GeV,

called V-tagged jets.
Events are categorized by number of V-tagged jets (0, 1 and =2 V-tag categories)

ST is scalar sum of Pt of lepton,jets and Pt_miss.

I_’h_/ ysics

Carnegie Mellon

. CMS Preliminary. s = 8TeV. u + jets CMS Preliminary, Vs = 8 TeV, o + jits
@ 10° —-Data 19.8 b .[% —& Data 19.2 "'
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I acp
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\‘\I\I\II\Illl\\ll\\ll\\ll\\ll\
0 600 800 1000 1200 1400 1600 1800 2000 2200 2400
S;, 1V-tag (GeV )
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B2G-12-019, 8 TeV, B quark,
all decays (single lepton)

Physics

Carnegie Mellon

ST distributions for 0, 1 and >2 V-tag categories are fit simultaneously in both e and p channels
to test for presence of signal.

e} L L L L LR L DAL LR B
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A scan was done with BR to tW,
bZ, bH varying with step of 0.1:
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Compact Mucn Solenod

Summary of results

EX0-10-018, b’b’—tWtW, M(b’) > 361 GeV.

Physics

Carnegie Mellon

B2G-12-015, 8 TeV, T -> Wb, tZ, tH.

EXO-11-036, b’b’—tWtW, M(b")>611 GeV.
EXO-11-050, t't—bWbW, M(t')>557 GeV.

EXO-11-066. BB-> bZ B,M>550 GeV.

EXO-11-098, b'b, t't', b't, t'b, t'b*, Mt'=Mb’,
model dependent, M > 685 GeV.

EXO-11-099, t't'->bWbW, M>570 GeV.
B2G-12-003, T(5/3)T(5/3) -> tW tW, M > 645 GeV.

B2G-12-004, BB -> tWtW, TT -> tZtZ,
M(B) > 675 (625) GeV, M(T) > 625 GeV.

B2G-12-012, 8 TeV, T(5/3)T(5/3) -> tW tW, M > 770 GeV.

B2G-12-021, 8 TeV, BB-> bZ B, M>700 GeV.

30 August 2013 I. Vorobiev. Vector-like quarks in CMS.

B2G-12-019, 8 TeV, B->tW, bZ, bH,
M > (582-732) GeV depending on BR.
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CMS

- Compact Mun Solernd

EXO-11-099

Physics

Carnegie Mellon

Background cross sections, number of events

e+ets ptjets _

Integrated luminosity 198 fh 1 190 b1 obfserved and bgckground events pred!cted for the
. e+jets and mu+jets samples. The predicted

]%ackground process Cross section Events Events numbers of events are normalized to
tt 154 pb 3950 +£490 5460 + 670 the integrated luminosity (except for the multijet
Wjets 31nb 462 +£55 750+ 110 events in the e+jets channel, see text).
Single-t production 85 pb 208 + 24 336 +45
Z+ets, WW,WZ, 727 3.1nb 49 + 8 69 111
Multijets 78 £9 5+5
Total background 4750 £560 6620 + 800
Total observed 4734 6448

My (GeV)  Cross section (pb)

etjets eff. (%) Events

p+jets eff. (%) Events

400 1.41
425 0.96
450 0.66
475 0.46
500 0.33
525 0.24
550 0.17
575 0.13
600 0.092
625 0.069

434+01 302
44 +0.1 210
47+ 0.1 155
47 +0.1 108
48 +0.1 79
47 +01 56
49 +0.1 41
47 +£0.1 30
47 +0.1 22
48 +0.1 16

54+ 0.1 373
5.6+ 0.1 263 Theoretical cross sections , selection
6.0 £+ 0.1 194 efficiencies, and numbers of expected
6.1 + 0‘1 137 events for the t't’ signal with different t’
6ot od 100 masses in the e+jets and m+jets

) \ channels. The efficiencies include the
oA 0.} 75 branching fraction of the t't’ system into
22 i 81 Zézl a single-lepton final state.
6.6 +0.1 30
6.5+ 0.1 22

30 August 2013

I. Vorobiev. Vector-like quarks in CMS.
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Compact Mucn Solenod

B2G-12-012

Physics

Carnegie Mellon

Tr ;3 Mass (GeV) 255 leptons M) Veto N(con)> 5  Hp = 900
550 250 235 135 624 £+ 1.02
600 144 136 79.2 44.6 £ 0.66 Summary table of expected signal events in
650 83.1 79.1 47.1 311 =040 all three channels.
700 496 47.5 28.8 21.2+0.26
750 30.3 291 18.0 14.5 £ 0.16
800 18.5 17.8 11.9 9.34 +0.10
850 11.5 11.1 7.03 612 £+ 0.066
900 7.26 7.01 446 399 4+ 0042
950 4161 4.46 286 261 £ 0027
1000 291 2.82 1.82 1.69 + 0017
Summary table of expected and observed
PSSMC  Non-Prompt Charge Mis-ID  Total Expected Observed events for all channels. The expected yield
ee 07+02 19+12 0.06 +0.02 26+13 0 is composed of the prompt, same-sign (“PSS”)
ey 19404 0.6 - 09 0.05 1+ 0.01 25+ 1.0 6 contribution from simulation, the contribution
up 13 +03 02 + 06 ) 15+ 07 5 due to fake leptons (“Non-prompt”), and that
All 39 £08 26118 01 = 0.02 66120 11 due to charge misidentification. All systematic
uncertainties are included.
30 August 2013 I. Vorobiev. Vector-like quarks in CMS. 24



CMS, 1
% Ph
| B2G-12-015 ySlCS
Lzlrlleg'le Mellon
lepton flavor — muon electron
mass (GeV) cross section (fb) efficiency events efficiency events
500 571 7.6% 850 7.5% 840
600 170 8.3% 280 8.4% 280
700 569 8.7% 97 8.8% 98
800 20.8 8.9% 36 9.1% 37
900 8.09 9.0% 14.3 9.3% 14.8
1000 327 9.0% 58 9.4% 6.0 channel 0s1 0s2 Ss trileptons
1100 1.37 9.0% 2.4 9.4% 25 P 52119 8) 12 _ _
1200 0.58 9.0% 1.0 9.4% 1.1 single top 25413 2.041.0 _ _
1300 0.25 8.9% 0.4 9.3% 0.5 i 97129 25119 _ _
1400 0.11 8.7% 0.2 9.2% 02 ) ] 58 119 0251011
1500 0.05 8.6% 0.1 9.1% 0.1 7 _ _ 1.8340.93 1.8440.94
Production cross section, efficiency, and number of events Ww - - 0.53+0.29
predicted for the T quark signal processes assuming WwZ - - 0.34£0.08  0.40£0.21
branching fractions into bW, tH, tZ of 50%, 25%, 25%. ZZ - - 0.03+0.00  0.070.01
WWW/WWZ/ 777 /WZZ - - 0.134+0.07 0.08+0.04
lepton flavor muon electron FWW - - - 0.05+0.03
tt 3670045500  35900+5400 charge mis-1D - - 0.01+0.00 -
single top 219041101 21001000 non-prompt - - 79 +£4.3 099+0.90
W 1920049700  18200+9200 total background 174437 84 +12 165 448 37 £1.3
Z 217041100 2000+1000 data 20 86 18 2
multijets 0 1680620
ttW 144£72 13768 Number of events predicted for background processes and observed
ttZ 109+54 10854 in collision data in the opposite sign dilepton samples with two or three jets
ttH 5704280 5704285 (OS1) and with at least 5 jets (0S2), the same sign dilepton sample (SS),
WW/WZ/77 4104205 4004200 and the trilepton sample.
total background 6150013700 6110013500
data 58478 57743

Number of events predicted for background processes and observed
in collision data in the signal sample. The uncertainty in the total
background expectation reflects the correlation in the systematic
uncertainties of the individual contributions.

30 August 2013 I. Vorobiev. Vector-like quarks in CMS. 25



Phivsics
B2G- g)/i/

Carnegie Mellon
Background process etjets events p+jets events
tt +ets 11397 + 85 9550 + 79
Wjets 1247 + 37 1137 + 37
Multyjet 1072 £19 505 + 4 Number of data and expected events in the electron
Single top 775 +17 683 +17 and muon channels after the full event selection.
Z+jets 222 +22 238 +23
tt Vjets 92 +1 82+1
Diboson (WW, WZ, 727) 43 +2 34+2
Total background 14846 + 99 12229 +91
Data 14640 11695

30 August 2013 I. Vorobiev. Vector-like quarks in CMS. 26



Ijh_/ ysics

Carnegie Mellon

Event yields for signal for 19.6 fb-1,
shown for b’ masses M(b’) from 450-800
GeV/c2 and two sets of branching ratios,
BR(b’-> bZ) =100% and 50%.

B2G-12-021
BR(0 — bZ) 100% 50%
Channel Z—ee | Z—utu | Z—ete | Z—putu
M(b") = 450 GeV/c? | 214 +13 336 =16 102 +£4 162 +£5
( ) — 500 GeV/c? 122 +7 209 £9 56 +£2 94 +3
M(b') = 550 GeV/c? | 76 +4 114 +5 33+1 54+2
M(b") — 600 GeV/c? 36 +2 66 £ 3 17.6 £ 0.7 30.8 £ 0.9
M(b") = 650 GeV/c? 23 +1 41 =2 11.0+04 195+ 0.6
M(b') =700 GeV/c? | 141+£07 | 259+1.0 | 65+02 | 120403
M(b") — 750 GeV/c? | 7.6+04 155+ 0.6 3.6 0.1 74 +0.2
M(b“’) — 800 GeV/c? | 48403 99 +04 2204010 4.6 =0.1
Channel Z—ete | Z—utu
Expected background in data | 379 £70 534 +79
Observed events 334 542

30 August 2013

I. Vorobiev. Vector-like quarks in CMS.

Event yields for the data and background.
The background is obtained using a
datadriven method. The background errors
include both statistical and systematic
uncertainties.
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