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‘%.j'BROWN VLQ SearCheS at CMS Vector-like quark pair

production
AWhat are vectorlike quarks? Qmaw
T—tH
AHow do we search for them? ToZ
T — bW
A Single production searches (what have we found?) B — bH
ATZ/S O tH’ hadronic top Vector-like quark single production B — bZ
AT2/3 O tZ, B_1/3 O bZ T—-1tH ;W:=|ﬁp5 B — tW
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What are VLQS?

Weakmultiplets (iSospingsercharge)

ALOAOEO OEAO Ai 160 NOEOA A ABEEED BEEIESS MREESN 4

A Spin Y, colored, charged particles with both leftand
right-handed coupling to charged currents
ANo Yukawa coupling required for gauge invariant mass terndt[ |
ANot ruled out by SM fits that exclude 4 t gen chiral quarks

AVLQs form part of Little/Composite Higgs model

AUseful particles to stick in a loop!

APair or single production
APair production through QCD

July 22, 2016

ASingle production through electroweak coupling

AWill dominate at high masses
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https://arxiv.org/abs/1306.0572
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£, What are VLQs?
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ASearch for decays to'8 gen quark and SM bosonS T () or -
c B SU(2) Singlet (X,T) Doublet i
A Also potential for decays to quark + DM 3 o —TH5Wb e THWb
m O |
ABranching ratios depend on isospimultiplet [ i
0.6
APair production searches sef x BR limits - 50%
depending on the VLQ mass 0.4
A Single production searches also depend on coupllngi 259/,
to SM quarks: set limits or@oh S -
CMS palr product|on result (1311 7667) + single production recast (14009. OlOO) 0_
1.4 o S — g - -
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How do we search for VLQS?

A Exploit high particle masses! Many boosted decays simplify event topologies
A Identify signal: reconstruct mass or rely on higlB ry (signal >> Standard Model)

AW/Z/H tagging: groomed mass 4subjet discrimination variables
Aln current analyses, always tag using anti; R = 0.8 jets with charged hadron subtraction

Pruned! mass window: 65z 105 GeV Pruned or softdrop® mass window
z ¥z favoring two subjets®: < 0.6 (analysis specific) 1 or 2 b taggedsubjets
x10? 26" (13TBV) o e — 26fb (13TEV)
% T oms | e OMS Data R o CMS —+—cmsnt
o r CMS CMS Data o L Prelimina
o PTG (2 Tav) L, WW (MADGRAPH) - 14000~ Y G, (2TeV) - WW (MADGRAPH)] s B 2R TN
8. o '"'Z(G.au.k (2 TeV) — ZZ{MADGRAPH)) ? *2 o GM (2 TeV) — ZZ(MADGRAPH) | 3 o Nf‘i hibentan ]
% . W2 TeV) — WZ MADGRAPH) G 12000} —— W' (2TeV) - WZ (MADGRAPH) ] g s -"-:rcfml(zzTTee\;?:z‘:m;?;ii:;Hn{
£ ao0pe [CJaco PYTHIAS — T [Jacp PyTHIAS A w T — W(W-(2TeV) - WZ (MADGRAPH) 1
g E - % 400~ [Jaco pyTHIAS -
500 65 GeV < M, < 105 GeV/ - e
: . 300 —> 4
Tag =" | - - || Tag = bsubjets+ _ ]
g 100 f o = 100 —f
i ] . =L1-;-u_l ] = I .
o B . NG
15E E 15 ; ] Bl :
Sl e E o | NN N E fai =2 i
L 3 = 1 - E 0sE 3
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[1] 0912.0033, [2] 1108.2701
[3] 1307.0007, 1402.2657

N
7

pr> ~200 GeV

pr> 300 GeV


http://cds.cern.ch/record/2117062?ln=en
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A Exploit high particle masses! Many boosted decays simplify event topologies
A Identify signal: reconstruct mass or rely on higlB ry (signal >> Standard Model)
A Top tagging:soft drop mass +subjet discrimination variables

How do we search for VLQSs? .

A\

Aln current analyses, always tag using ank; R = 0.8 jets with charged hadrosubtraction

']
Taar»

J.Thaler

p; > 400 GeV

JME15-002

Top tagging:
Softdrop mass window: 110z 210 GeV
Z ¥z favorlng 3 subjets: < 0.7 (anaIyS|s specific)

1 3 'I'e\/ 13 TeV
T T T T T T T T O 16 L L LA S I N B
< 0250 CMS _ CMS .
’ Simulation Preliminary 0_ 14[-Simulation Preliminary g
TAKS. flatp_, —Top, 470<p_<600 GeV, 100% - - .
Pr-M — Top, aoo<pi<soo GeV, 97% [110 <mg, <210 GeV

0.2—=u>=20, 25ns =---Top, 800<p_<1000 GeV, 99% —| 0.12F CAKS, flat p n —Top, 470<p <600 GeV, 69% —_
=---Top, 1000<p <1400 GeV, 35% —Top, 600<p <800 GeV, 68% ]
E QCD, 470<p <600 GeV, 96% | 01 L <u>=20, 25ns —--Top, soo<p <1000 GeV, 72%

k.r QCD, 600<p, <800 GeV, 96% s -+ Top, 1000<p, <1400 GeV, 68% |
0.15¢ ----QCD, 800<p_<1000 GeV, 94% | C QCD, 470<p_ <600 GeV, 14% ]

QCD, 1000<p <1400 GeV, 12% -

—_— QCD, 1000<p_<1400 GeV, 90% 0.08- QCD, 600<p_<800 GeV, 15% ]
ag _— H T g + N ==+-QCD, sno<pT<1oon GeV, 14% | + agge
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VLQ Single Production
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T,,; B tH: all hadronic

ARequire high jet activity: H > 1100 GeV

H jet

e+ ==,

Mp 105 7 135 GeV

z ¥z <0.6
2 b taggedsubjets

top jet

M 1107 210 GeV
z Tz <0.54
1 b taggedsubjet

23 b (137ev)

N
(=]

>
S E ] : CMS
g Multijets -W+jets Preliminary 3
=t -— Total background XX Total bkg. error
E Tbq (LH) 1200 GeV ---- Thq (LH) 1800 GeV
=
<]
>
w E V1 0 e
i (1] SO — i .

LI LI e e e
F ¢ Data

SR EEEN LY
tt+jets
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background: three new regions
from inverting tags

NA/N g =

Other backgrounds @W-+jets)
modeled using simulation with

correction to H;
A ~
Htag:0p A

O top tags

( OAC(H

O top tags
C

A

Limits on T singlet/doublet cross
section with 25%/50% BR totH,

AReconstruct M(T) by identifying boosted Higgs & top jets| and couplings cbW) and c(z)
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T,,3 B tZ: dilepton

B2G16-001

ASearch for TO tZ© t+ 2tlandB© bZ, reconstructing Mz using leptons and boosted jets

A TO tzwith 3 top quark decays
A At least one b tagged jet per event

1Wijet+1bjet
Mp+Z ¥z <0.6
p(t) > 150 GeV | i,

N

@

2jets+1Dbjet
p-(t) > 150 GeV

ov,

1 top jet
p+(t) > 400 GeV
Mgpt 2z 77 <0.69

'0. “
"apfgpgunn®

L 4
.

Diagrams JThaler
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qQ orQe: M(/bJts= 707 110 GeV

CMS Preliminary

2.32 1" (13 Tev)
rved

maxp;(Jh>115GeV 3R(/bjix0.97 1.1

Events

Categorized by boosted objects, or by %

(V' =Z or W)
1V and tZq (V = Z or W)

Tin 2lep + 1top-jet

. -
lepton flavor for non-boosted topologies. -
2_
] G_" L +
Reconstruct M(t) from relevant jet o ¥ T
combination, then M(T) from top & Z S | T
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CMS Preliminary 2327 (13 TeV) CMS preliminary 232" (13 TeV)
‘g 5 —l— Background estimation ‘*21 02k —il— Background estimation
gﬂj ; —&— Observed 55’ % —4— Observed
wor Cm—mm=tev,i) Y F [ 1o tZb (M=1TeV, LH)|
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T,,3 B tZ: dilepton

ASearch for TO tZ© t+ 2tlandB© bZ, reconstructing Mz using leptons and boosted jets

B2G16-001

| j-PaloMABREDAOET ET OEAADI OO0T 1

OACE

s N (M7/8) = Noy(Mr)p) - a(Mryp)
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% 10% —4$— Obsened %1 0° E —&— Observed
[ E Ziy+ets o E Zy+ets
i £ Il £ and single-top i 10%E I < and single-top
1[):3;— B V(Y =Zor W) F B VYV =ZorW)
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Limits on T singlet or doublet cross section, with BRZ) = 25% or 50%
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43 B bW si

Isolated lepton

p-(JB> 40 GeV

3R > 1.5 fromanyjet MET > 50 GeV

M; > 130 GeV

Central b jet,pr > 200 GeV
3N (/bb) > 2

Forward jet, pr > 30 GeV

Events / 40 GeV

10

Data/Bkg

12
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ngle lepton

AReconstruct M(Y) from b jet andeptonic W decay

CMS Preliminary

B2G16-006

2.3fb" (13 TeV)

-¢-Data

Bl ft+ets

[ Single Top
O W+jets
[ClZ+jets

[ Di-boson
otV

o -
a . O
BT

100 200 300 400 500 800 700 800

300 1000 1100

M, (GeV)

Events/ 40 GeV

Data/Bkg

-
o
)

CMS Preliminary

ARequire a light flavor forward jet to tag single VLQ production

Background modeling crosschecked in@and W + jets enriched control

regions. Empirical reweighting applied tocorrect modeling ofp(t) in @
simulation and H; in W + jetssimulation.

2.3fb7 (13 TeV)

10

—-Data
O WHjets
Bl tt+jets
[ Single Top
[C]Z+jets
[ Di-boson

o —_
g . O
o

600

1800 2000
M, (GeV)
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~ .. Y., B bW: single lepton S O

AReconstruct M(VLQ) from b jet andeptonic W decay
ARequire a light flavor forward jet to tag single VLQ production
Strong observed limit based on 2.3/fb. For unit d{W):
AExclude T,j5 (Y.43) singlet below 1.7 Ge\(1.4 GeV)
CMS Preliminary, 2.3 fb™ (13 TeV) CMS Preliminary, 2.3 fo' (13 TeV)
E Observed Limit (95% C.L.) %O =
E -------- Median Expected 1? ATLAS, 8 TeV
; - 68% Expected |- single Y production
£ 40— CMS preliminary, \s = 13 TeV —e— Data 2.3 fb" e [ ] 95% Expected 0.8/
T oan Y 2 BW S biv =¥¥V+Jets W LN e e Ybj prod. (c¢*" = 0.5) B
= =3 single t s .. e Tbj prod. (BR(Wb) = 0.5, ¢™ = 1.0) =
30— [ other backgrounds 8 06—
- Y e Y (1000 GeV) S =
25:— w
; 1 event g L . Observed Limit (95% C.L.)
; s . T Median Expected
> 2215 Ge R 02 I 65% Expected
e [ ] 95% Expected
= “I, Lo ; —— ;4‘* ‘BCl}OI I ‘10‘00‘ ‘ I‘IZ‘OO‘ ‘ 14|00VLQI\;|(;OSOSI[(;;\;:’;%00 0 ‘860‘ ‘ I'IOl‘:)OI I “12‘00‘ ‘ ‘14|00| I 16[3'(3((69\//(;]28)00
S X D / Channel W+jets  tt Single Top QCD  Z+jets Di-boson Y(1000) Total bkg Data
S L ot /l/ o // / Electron 44.57114 2817117 199747 0.07)0 1571° 13702 54.1(1.3%) 9537308 78
S afant Mass of Wb System (Gev) | | Muon 5247132 338%137 266462 0F10 7407 3706 g05(149,) 1152734 95
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BN Wh a t coming next?

ACMS has a robust seareprogram for vector-like quarks
AMany searches met or exceeded the sensitivity of Run 1 with 2.3/fb of data

collected in 2015

ALooking beyond SM quarkboson final states to dark matterdiphotons, etc.

A Substructure methods are well integrated to VLQ searches which are ¢

testing ground for new algorithms

APUPPI . LS
ADecorrelatedtaggers \30(}%‘T lNé
ADouble b tagger LE@I”T

ADeep learning?

A 2016 data results (coming soon!) will strongly
constrain models with M(VLQ) 12 TeV

Julie Hoganz BOOST 2016

t—le
T—tH Cwb= 1%

t—lep
T—-1tH Y

t = had
T—H cw=1.5

t = had
cz=2.5

TotZ ocwm=15

T—-1tH

T—-tZ cz2=15
B—=bZ cw=15
T—= bW cw=15

Y- bW cw=1.0

Vector-like quark single production

0 025 05 075 1 125 15 175 2
Observed limit 95%CL (TeV)

Q- qgqw
T—1H
T—-1tZ
T — bW
B — bH
B — bZ
B — tW
X5/3 = tW
X5/3 =+ tW

T — bW

Vector-like quark pair
production

0 03 06 09 12 15
Observed limit 95%CL (TeV)
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ASearchfor X, © tW in samesign 2/tand /bjets final states -

VLQ Pair Production

B2G15-006

B2G16-002

ASearch for T, © bW (50%), tZ (25%), tH (25%) in Jhjets

Alnclusive analysis targeting singlet VLQ decay combination
ASingle lepton final state will be joined by boosted Higgs,/Band Jtstates

SS 7Zbcut & count in lepton
categories, datadriven non-
prompt/charge mis-ID bkgd

CMS Preliminary 2.2 b7 (13 Tev)
L = S
10t~ AnChannels ) i
; ] NonPrompt
- q LH_X53X53 M-700
> 10°E f & RH_X53X53_M-700
@ E e Data
O E
& 10
z F e
i E
= o &
107" E . =
10 ;
%.;‘ o
o [© 0——--——--—-——.——
a
LS
0 500 1000 1500 2000 2500 3000
I
Hr" (GeV)
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b.t.t

JBjets: 88 0 4W + 2b,44 © 6 final states!Reconstructing M(VLQ) with 1+ jets
becomes unfeasible. Maximizeensitivity by categorizing according to jet tags

(e,t) x(0, 1,2, 3+b jets) x (0, 1+ W jets.
474y

CMS Preliminary

87187

CMS Freliminary

221 (13 TeV)
—— DATA
— XpaRes (LH0.8 TeV) x20
----- X, Ko, (RH-1.3 Tev) x20

I Ewk

TOP
Bkg uncert. (stal. @ syst)

o 1 2 3 7 5 6
W tag multiplicity

Wijet: Mp+27 77 < 0.55 (X%3), 0.6 (Ty3)

231" (13 TeV)

DATA

——— TT(0.8 TeV) — nominal x400
TT(0.8 TeV) — bWbW x400
TT(0.8 TeV) — tZiZ x400
TT(0.8 TeV) — tHtH x400

QcD
EWK
TOP

% Bkg uncert.

6

8 10
b tag multiplicity

CMS Preliminary

231" (13 TeV)

iinusssl Bkg uncert.

DATA
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TT(0.8 TeV) — bWbW x400
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TT(0.8 TeV) — tHtH x400
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Table 4: Summary of background yields from rare standard model Monte Carlo (PSS MC),
non-prompt, and charge misidentification backgrounds as well as observed data events after
the full analysis selection. Also shown are the number of expected events for a right handed
800 GeV X5/3 . The errors include both statistical and systematic uncertainties.

Channel PSS MC NonPrompt  ChargeMisID  Total Background | 800 GeV X5,3 | Observed
Di-electron 2414029 216+1.91 1.90 +0.60 6.47 £ 2.02 4.38 7
Electron-Muon | 298+036 520+3.21 0.54 £0.18 8.72+3.24 9.14 3
Di-muon 070012 2.09+1.69 0.00 £=0.00 2.80+1.70 3.55 1
All 6.09 £0.67 9.45+5.49 2.44+0.76 17.98 £+ 5.58 17.06 11
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4+ AK 0.4 jets-(j) > 200, 90, 30, 30 GeV

1+ b tagged jets
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CMS Preliminary

22 fb (13 TeV)

Events

,X
Ky

min[M(l,b)] (GeV)

600

22 (13 TeV)

800

200 400 600

800

min[M(L,b)] (GeV)

22 fb (13 TeV)

Table 5: Expected (observed) number of background (data) events passing the final selection

cuts, in the four analysis categories, with an integrated luminosity of 2.2 fb!

. Uncertainties ©

o
quoted in the table include statistical and normalization only (see Table 6) systematic uncer- :'%
tainties. |><%
Sample OW,1b | OW,2+b | 1+W,1b | 1+W,2+b =
LH X5,3 (0.8 TeV) | 8.02 £ 0.48 7.04+043 | 1415+£0.83 | 12.53 +0.74
RH X5/3 (1.2 TeV) | 0.598 + 0.036 | 0.486 + 0.029 | 1.381 4+ 0.080 | 1.116 + 0.065
EWK 185 £ 47 258 £ 6.7 48 + 12 71+£2.0
Top 664 £+ 90 421 £ 87 337 + 46 222 446
QCD 2.03 £2.02 | 0.006 & 0.006 | 0.001 4 0.001 < 0.001
Total Bkg 850 £ 105 446 1 87 384 + 48 229 146
Data 768 400 347 182
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The total number of expected background events are reported in Table 4, together with the
numbers of observed and expected events for a right handed X5,3 of mass 800 GeV. We find
no significant excess in the data over the background prediction. We proceed to set limits and
calculate both expected and observed limits using the theta [27] package and Bayesian statistics
using a flat prior on the signal. Using the full set of analysis selection criteria and an integrated
luminosity of 2.2 fb~!, we obtain expected /observed limits of 860/950 (820/910) GeV for a

right (left) handed Xs5,3 at 95% confidence level (CL). Both the expected and the observed
limits for all three channels combined are shown in Fig 3.

No significant excess above SM expectations is observed in the data. We therefore proceed to
set 95% confidence level (CL) upper limits on the production cross section for pp — X5,3X5,3
— tWTtW ™. Limits are obtained from the min[M(/, b)] distributions in all categories and are

computed using Bayesian statistics [27] with a flat prior on the signal cross-section, for both left-
and right-handed Xj5,3 signal. They are shown in Fig. 8. Comparing the experimental upper
limits to the theoretical predictions [15], we obtain a 95% confidence level (CL) lower limit on
the observed (expected) mass of the X5,3 . For left-handed Xj5,3 both the observed lower mass
limit is obtained to be 715GeV, very close to the expected limit. While for the right-handed
Xs5,3 , the observed and expected exclusion limit is 700 GeV.

A combination of the results from the analyses of the two final states discussed in this note,
same-sign dileptons, and the lepton+jets signatures is shown in Fig. 9. The observed (expected)
exclusion limits on the mass of a right handed X5 /3 is obtained to be 960 (900) GeV. For the left
handed X5/,3 signal, the observed (expected) lower limit on the mass is 940 (860) GeV.

Julie Hoganz BOOST 2016



cms, p(JB> 40 GeV

tI[m] [in]
£BN 826-16-002 Mini-isolation for e and u
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with an integrated luminosity of 2. . Uncertainties include all statistical and normalization
5 MET > 30 GeV

uncertainties (Table 4).
3+ AK 0.4 jetsp,(j) > 300, 150, 100 GeV

Sample OW,0b OW,1b OW,2b OW,>3b
TT(0.8TeV) | 1.95+013 | 421 +026 | 326+020 | 1.218 % 0.081
TT (1.1 TeV) | 0.269 +0.017 | 0.541 +0.033 | 0.371 & 0.023 | 0.1336 + 0.0088 Veto on H tagged jet (My& 1 b tagged
EWK 510 + 120 92 + 22 13.5 + 3.3 0.78 + 0.23 subjet) for combination with boosted H
TOP 108 + 18 227 + 26 1254 + 86 19.1 + 15 analysis
QCD 12.9 + 4.2 6.5+ 2.8 <1 <1
Total Bkg | 630 + 120 325 + 37 138.8 + 9.8 199+ 16 CMS Ppreliminary 2316 (13 TeV)
Data 606 309 152 18 1o b enlets, OW,2b 1708 Tev) [ EWK
Data/Bkg | 096+019 | 095+012 | 1.09+0.12 0.90 + 0.22 - TT(LATey) MTOP
Sample >1W,0b | >1W,1b | >1W,2b | >1W,>3b 5 " o e
TT (08 TeV) | 256 +0.16 | 530 +032 | 341 +021 | 0.890 + 0.061 @ —
TT (1.1 TeV) | 0.382 4+ 0.024 | 0.668 + 0.040 | 0.379 + 0.023 | 0.0979 + 0.0066 g !
EWK 206 + 14 326 £29 18+ 15 0.262 + 0.081 CETRIE S s SRR N .
TOP 76 + 12 123 + 14 61.2 + 4.4 8.39 + 0.78 10°
QCD 12.0 + 5.1 46+28 0.20 £ 0.19 <1 . L
Total Bkg 294 + 23 160 + 16 66.2 + 4.8 8.66 + 0.79 _
Data 294 168 49 8 g
Data/Bkg | 0.999 +0.09 | 1.05+0.13 | 0.74 +0.12 0.92 + 0.34 , , ,
0 200 400 600 800
min[M(L,b)] (GeV)
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b tags | Range [GeV] | Constant Term (po) Linear Term (p1) x°/ndf SFjet = po + P1PT
0 250 -1020 1.245 4+ 0.023 (—6.648 0.562) x 10~ | 10.3/9
> 1020 0.568 £ 0.052 — 1.0/2
- 5 250 — 725 1.038 & 0.056 (—4.778 £1.478) x 10~* | 7.5/9 w = H SFiet
- > 725 0.747 £ 0.164 — 1.4/2 jets
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We have analyzed 2015 data to search for evidence of TT production in events with one lepton
and several jets. In Run 1 (19.5 fb—! at \/s = 8 TeV) heavy T quarks with mass less than 696 GeV
were excluded for the nominal branching ratios. Now, with 2.3 fb ! of integrated luminosity
at /s = 13 TeV, we observe increased sensitivity in the single lepton channel alone, excluding

T quarks with mass less than 750 GeV.

Table 5: 95% CL expected and observed lower limits on the T quark mass over a range of
branching ratios, constrained to B(T — bW) + B(T — tH) + B(T — tZ) = 1.

B(T —bW) B(T —tH) B(T — tZ) | Expected [GeV] Observed [GeV]
0.50 0.25 0.25 743 750
1.00 0.00 0.00 853 876
0.80 0.20 0.00 812 824
0.80 0.00 0.20 808 828
0.60 0.40 0.00 778 780
0.60 0.20 0.20 772 778
0.60 0.00 0.40 768 774
0.40 0.60 0.00 727 731
0.40 0.40 0.20 707 714
0.40 0.20 0.40 < 700 < 700
0.40 0.00 0.60 < 700 < 700
0.20 any any < 700 < 700
0.00 any any < 700 < 700
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We search for singly produced vector-like top quark partners (T) in pp collisions at
a center-of-mass energy of 13 TeV with the CMS experiment at the LHC. This is of
particular interest, as the rate of single production of TeV-scale vector-like quarks
increases faster than the rate of pair production with increasing centre-of-mass energy.
The decay of a vector-like T quark into a Higgs boson and a top quark is searched for.
The top quark decay includes an electron or a muon and the Higgs boson decays
into a pair of b quarks. No significant excess over standard model backgrounds is
observed. Exclusion limits on the production cross section times branching fraction,
as well as exclusion limits on T quark coupling parameters are derived in the mass-
range of 700 GeV to 1800 GeV. For a mass of 1000 GeV, we exclude production cross
section times branching fractions above 0.9 pb and 0.6 pb at 95% confidence level,
assuming left and right handed coupling of the T quark to standard model particles,
respectively.

pr(/B>47(1), 50(e) GeV

- ET /2p40R (JY) >40GeV

2+ AK 0.4 jet > [250 GeV, 70 GeV] fechannel, [100 GeV, 50 GeV] for
1+ forward AK 0.4 jet

S; = jetp; + lepton p; + MET>400 GeV

H tagged AK 0.8 jet: soft drop mass 60 GeV, 2 b taggesdubjets
32/ H)>p 8 mh,H>2.0

p+(t) > 100 GeV
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Table 1: Selection efficiency and number of selected events for the signal region. For the back-
ground, we quote the post-fit value as determined by the fit (see Sec. 6 and 8). The left (right)
handed T quark coupling to standard model particles is denoted by a lh (rh) subscript. T quark
production in association with a bottom quark (b) is given in the first six table rows, and the as-
sociated production with a top quark (t) in the next six rows. All signal samples are normalised
to a cross section of 1 pb and include all decay modes of the top quark and the Higgs boson.

IBROWN

electron channel muon channel

Ngejstattsys egetstattsys (%) | Ngestattsys egqtstattsys (%)
T1,(700) b 1.0+02+04 0.04+0.01+0.02| 59+0.6+09 0.25+0.03+0.04
TL(1200) b 13.7+08+1.6 062+004+007 | 224+11+27 097+0.05+0.12
TR(1700)b | 149409420 0.67+0.04+0.09 | 221+1.14+23 0.95+0.05+0.10
T#(700) b 1.3+034+05 0.06+0.01+0.02 8.6+07+1.6 0374+0.03+0.07
T4#(1200) b 173+09+21 0.78+0.04+0.09 | 299+13+35 1.29+0.064+0.15
T4(1700) b 202+1.0+23 091+0044+0.10 | 314+13+29 1.354+0.06+0.13
TL(700) t 514+054+08 0234+0.02+0.04 | 13.84+09+2.0 0.60=+0.04+40.09
T,(1200) t 16.84+09+1.8 076+0.04+0.08 | 29.1+1.24+3.1 1.264+0.05+0.13
Tir(1700) t 206+104+19 0924+0.044+0.09 | 3244+1.3+3.0 1.40+0.06+4+0.13
T4(700) t 64+06+11 029+0.03+005 | 1424+09+1.6 0.61+0.04+0.07
Ta(1200)t | 1954+1.0+2.0 0.88+0.04+0.09 | 326+1.3+2.6 1.4140.0640.11
Ta(1700)t | 21.24+1.0+21 095+0.04+0.09 | 335+14+29 1.45+0.06+0.13
bkg (post-fit) 348414 1334425
Data 35 134

28 July 22, 2016

Julie Hoganz BOOST 2016

o x BR(T—tH) (pb)

0.1

2.3t (13 Tev
i e

----Th, ¢2"'=1.0, BR(tH)=BR(bW)/2
— Obs 95% CL

CMS

Preliminary

T T T TTTTH

1 L1 1111 ~—

------- Exp 95% CL
[+ 1 std. deviation
[ ]+ 2 std. deviation

..

500
T quark mass (GeV)
23" (13 TeV
T [ T T T T

000

L—

— Obs 95% CL
------- Exp 95% CL
[ £ 1 std. deviation
[]+ 2 sid. deviation

- CMS

- Preliminary

1 | 1
1500
T quark mass (GeV)

L | :
1000



CMS/ | £2

| (D))

BROWN

July 22, 2016

B2G-16-005

Julie Hoganz BOOST 2016

H tagged AK 0.8 top tagged AK 0.8

My 105 7 135 GeV M 1107210 GeV
z ¥z <0.6 z 7z, <0.54
2 b taggedsubjets 1 b taggedsubjet
HT > 1100 GeV, 4+ AK 0.4 jets



