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rlntroductlon - VLQ 4 row

> Many BSM theories predict additional quarks: solves the naturalness/fine tuning
problem

> Vector-like-quarks (VLQ):

> left and right chiralities transform in the same way under SU(2)®U(1) symmetry

group
(b W,

>13 TeV search for VLQ T,,,

*»VLQ T,,3—> bW, tZ,tH —> 1 lep + jets, 3 leps + jets
» Benchmark: BR(bW) = 2 x BR(tZ, tH) = 0.5 (electroweak singlet) e
» BR(BW) = 0, BR(tZ2)=BR(tH) = 0.5 (electroweak doublet) m m

» Search for pair production, through gluon-gluon fusion.
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* Lgle Iepton channel Trilepton channel
> Events with exactly one 1 lepton | Events with 3 or more leptons
> Most sensitive to T—> bW decays. | » Most sensitive to T—> tZ, tH decays.
> lepton from direct decay of W > leptons mostly from direct decay of W/Z

» SM MC backgrounds:

> TOP group
> tt dominant
» single top
> EWK group
> W+jets dominant
» DY
> W
» QCD

Aug 1, 2017

1IN prompt leptons (SM MC):
|| »vvvwy
| > tt+V

> nonprompt leptons (derived from data):

> 1t
» V+dets

> Estimate nonprompt leptons background
from events with ‘loose’ lepton quality
requirement in data

> Utilizes large radius jets and jet substructure
variables to perform W, H tagging

Dllepton presented by a previous talk 3
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‘ > Event selections: ~ ‘ > W-|et tagging: AK8 jet that satlsfles

| . . . | |

| > Fires asingle lepton trigger { | > pT>200 GeV and centrally produced |
> exactly 1 lepton, passes ‘tight' quality | > 65 GeV < Myuned < 105 GeV

requirements _ o
» ratio of n-subjettiness 7,/71 < 0.6

> pT > 60 GeV and centrally produced

| miss

> Bt > 75 GeV

| » At least 3 AK4 jets pT > 300 GeV, 150 N
| GeV, 100 GeV and centrally produced > 60 GeV < Mpryned < 160 GeV

| | > H-tagging: AKS8 jet that satisfies:

> pT > 300 GeV and centrally produced |

> At Ieast 2 AK8 Jets u > at least 1 b- tagged subject

20 Categories

H tag:0
H tag:1+ W-tag: O W-tag: 1+
SUbjet b-tag:‘l l SUbjet b-tag: 2 SUbjet b-tag: SUbjet b-tag:
(require extra AK4 b-tag) 0/1/2/3+ 0/1/2/3+ |
'm(require extra AK4 pT>30GeV) -
lepton flavor: e/u
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 Signal Region Control Regions
> ARmin(AK8,AK8) <3.0 | s no H-tags:
T — > ttbar enriched: 1/2/3+ b-tagged AK4
'WORK IN PROGRESS 35.9 fb' (13 TeV)
ssoof 11 (10TeV) x50 [llQCD  ehuiets > W+jets enriched: 0/ 1+ W-tags , no b-tags |
C---TT (1.2 TeV) x100 EW |
2000 _r] Bkg. uncert. TOP |
gzoooé_ signal region » 1+ H-tags:
1000F- “1 > 0/ 1+ b-tag (not overlapping with H-tag)
0 1 2 3 4 5

— S ———

min AR(" AKS jet, other AKS jet)

e e ——————— e - e

| Discriminating variables:

> min[M(lep,b-jet)] - minimum mass constructed from leptons and a b-tagged AK4 jet.

i
V

> construct mass with normal jets if there no b-tagged jets

> ST - sum of AK4 pT, leptons pT, and B,
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> Checking control regions for events with no H-tagged jets.
> look at min[M(lep,b-jet)]

Events / 1 GeV

WORK IN PROGRESS
ok
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e/u+jets
OH, 1b

—TT (1.0 TeV) mQCD

-TT (1.2 TeV) WEW

~ |Bkg. uncert. I TOP
—+ Dats

400 600

min[M(1,b)] (GeV)

35.9 b (13 TeV) WORK IN PROGRESS 359 fb' (13 TeV)
- e/u+jets =
1 OH, OW,0b —TI (1.0 TeV) B QCD
- ---TT (1.2 TeV) B EW
SICE [1Bkg. uncert. [ TOP
[0)] -
g_: 1ok -+ Data
2 1k
z
107!
1072
%’g O B
o e ... i
o | -2
N 0 200 200

600 800
min[M(l,b)] (GeV)

> Checking control regions for events with at least 1 H-tagged jets

> Look at ST
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> Final templates for upper limits measurements. (blinded)

WORK IN PROGRESS 35.9 fb"' (13 TeV) WORK IN PROGRESS  35.9 b (13 TeV)
1an eutiets  _TT (1.0 TeV) lIQCD TF  ews 7T (1.0 Tev) MEW
RO TT (1.2 Tev) MEW el O™ WP TT (1.2 TeV) [/ TOP
s OF ' |Bkg. uncert.[" TOP > f ' |Bkg. uncert.
[ o © 10
S 10 S F B
WORK IN PROGRESS 35.9 fo'' (13 TeV) W RIS
102:E e/utiets —TT (1.0 TeV) BQCD 10_2: -------- 0k
i e --TT (1.2 TeV).EW R R > E. | Ly temeereqeepegene
- 108 [|Bkg. uncert.[l] TOP 0 200 400 600 800 1000 0 200 400 600 800 1000
3 . min[M(1,j)], j=b [GeV] min[M(l,b)] (GeV)
- F \\“\\ WORK IN PROGRESS 35.9 fo! (13 TeV) WORK IN PROGRESS 35.9 o' (13 TeV)
B a1l i \ — : ) = ‘
£ 107 \\ CE e —TT (1.0 TeV) IQCD 102=L S/utiets —TT (1.0 TeV) EW
> C Y F — - > > —
W o2l e - BN wb SO TT (1.2 Tev) EW P OH Wb T (1.2 TeV) [ TOP
E\\\\\\ N . . " > c :|Bkg_ uncert' TOP > 103_ DBkg. Uncel't.
10°E TTTTTTTTRTT 2 8 ¢t
; ~— - 1 \\\*
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| o o o | | |
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| Event selections

4 Categories

| » Fires a dilepton trigger (depending on category)

| » At least 3 leptons, pass ‘tight' quality requirements cee
> pT > 30 GeV and centrally produced eey
> veto events with Mg, < 20 GeV
» At least 3 AK4 jets pT > 30 GeV and centrally produced oHE

| > Atleast 1 b-tagged AK4 jet HUH
B> 20 GeV

_— = — e ———

- —

— = —

| Nonprompt lepton background estimation

| > Use leptons that fail the ‘tight’ (f) lepton quality requirement, or ’loose’ (I), to estimate the number of events
| containing fake leptons that pass the ‘tight’ lepton quality requirements

" > Construct matrix M consisting of prompt (fake) rates: rate at which prompt (nonprompt=fake) leptons pass the ‘tight’
quality requirement.

N _ _ __
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| Event selections

4 Categories

| » Fires a dilepton trigger (depending on category)

| » At least 3 leptons, pass ‘tight' quality requirements cee
> pT > 30 GeV and centrally produced eey
> veto events with Mg, < 20 GeV
» At least 3 AK4 jets pT > 30 GeV and centrally produced oHE

| > Atleast 1 b-tagged AK4 jet HUH
B> 20 GeV

_— = — e ———
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| Nonprompt lepton background estimation

| > Use leptons that fail the ‘tight’ (f) lepton quality requirement, or ’loose’ (I), to estimate the number of events
| containing fake leptons that pass the ‘tight’ lepton quality requirements

" > Construct matrix M consisting of prompt (fake) rates: rate at which prompt (nonprompt=fake) leptons pass the ‘tight’

quality requirement. ]
Single lepton case

N _ _ __
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| Event selections

4 Categories

| » Fires a dilepton trigger (depending on category)

| » At least 3 leptons, pass ‘tight' quality requirements cee
> pT > 30 GeV and centrally produced eey
> veto events with Mg, < 20 GeV
» At least 3 AK4 jets pT > 30 GeV and centrally produced oHE

| > Atleast 1 b-tagged AK4 jet HUH
B> 20 GeV

_— = — e ———
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| Nonprompt lepton background estimation

| > Use leptons that fail the ‘tight’ (f) lepton quality requirement, or ’loose’ (I), to estimate the number of events
| containing fake leptons that pass the ‘tight’ lepton quality requirements

" > Construct matrix M consisting of prompt (fake) rates: rate at which prompt (nonprompt=fake) leptons pass the ‘tight’

quality requirement. ]
Single lepton case

Nyp

N _ _ __
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| Event selections

4 Categories

| » Fires a dilepton trigger (depending on category)

| » At least 3 leptons, pass ‘tight' quality requirements cee
> pT > 30 GeV and centrally produced eey
> veto events with Mg, < 20 GeV
» At least 3 AK4 jets pT > 30 GeV and centrally produced oHE

| > Atleast 1 b-tagged AK4 jet HUH
B> 20 GeV

_— = — e ———
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| Nonprompt lepton background estimation

| > Use leptons that fail the ‘tight’ (f) lepton quality requirement, or ’loose’ (I), to estimate the number of events
| containing fake leptons that pass the ‘tight’ lepton quality requirements

" > Construct matrix M consisting of prompt (fake) rates: rate at which prompt (nonprompt=fake) leptons pass the ‘tight’

quality requirement. ]
Single lepton case

pNp,

N _ _ __
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| Event selections

4 Categories

| » Fires a dilepton trigger (depending on category)

| » At least 3 leptons, pass ‘tight' quality requirements cee
> pT > 30 GeV and centrally produced eey
> veto events with Mg, < 20 GeV
» At least 3 AK4 jets pT > 30 GeV and centrally produced oHE

| > Atleast 1 b-tagged AK4 jet HUH
B> 20 GeV

_— = — e ———
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| Nonprompt lepton background estimation

| > Use leptons that fail the ‘tight’ (f) lepton quality requirement, or ’loose’ (I), to estimate the number of events
| containing fake leptons that pass the ‘tight’ lepton quality requirements

" > Construct matrix M consisting of prompt (fake) rates: rate at which prompt (nonprompt=fake) leptons pass the ‘tight’

quality requirement. ]
Single lepton case

pINp, +

N _ _ __
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| Event selections

4 Categories

| » Fires a dilepton trigger (depending on category)

| » At least 3 leptons, pass ‘tight' quality requirements cee
> pT > 30 GeV and centrally produced eey
> veto events with Mg, < 20 GeV
» At least 3 AK4 jets pT > 30 GeV and centrally produced oHE

| > Atleast 1 b-tagged AK4 jet HUH
B> 20 GeV

_— = — e ———

- —
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| Nonprompt lepton background estimation

| > Use leptons that fail the ‘tight’ (f) lepton quality requirement, or ’loose’ (I), to estimate the number of events
| containing fake leptons that pass the ‘tight’ lepton quality requirements

" > Construct matrix M consisting of prompt (fake) rates: rate at which prompt (nonprompt=fake) leptons pass the ‘tight’

quality requirement. ]
Single lepton case

pNp + Nf

N _ _ __
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| Event selections

4 Categories

| » Fires a dilepton trigger (depending on category)

| » At least 3 leptons, pass ‘tight' quality requirements cee
> pT > 30 GeV and centrally produced eey
> veto events with Mg, < 20 GeV
» At least 3 AK4 jets pT > 30 GeV and centrally produced oHE

| > Atleast 1 b-tagged AK4 jet HUH
B> 20 GeV

_— = — e ———
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| Nonprompt lepton background estimation

| > Use leptons that fail the ‘tight’ (f) lepton quality requirement, or ’loose’ (I), to estimate the number of events
| containing fake leptons that pass the ‘tight’ lepton quality requirements

" > Construct matrix M consisting of prompt (fake) rates: rate at which prompt (nonprompt=fake) leptons pass the ‘tight’

quality requirement. ]
Single lepton case

pNp + [Ny

N _ _ __
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| Event selections

4 Categories

| » Fires a dilepton trigger (depending on category)

| » At least 3 leptons, pass ‘tight' quality requirements cee
> pT > 30 GeV and centrally produced eey
> veto events with Mg, < 20 GeV
» At least 3 AK4 jets pT > 30 GeV and centrally produced oHE

| > Atleast 1 b-tagged AK4 jet HUH
B> 20 GeV

_— = — e ———
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| Nonprompt lepton background estimation

| > Use leptons that fail the ‘tight’ (f) lepton quality requirement, or ’loose’ (I), to estimate the number of events
| containing fake leptons that pass the ‘tight’ lepton quality requirements

" > Construct matrix M consisting of prompt (fake) rates: rate at which prompt (nonprompt=fake) leptons pass the ‘tight’

quality requirement. ]
Single lepton case

N = pN, + [Ny

N _ _ __
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| Event selections

4 Categories

| » Fires a dilepton trigger (depending on category)

| » At least 3 leptons, pass ‘tight' quality requirements cee
> pT > 30 GeV and centrally produced eey
> veto events with Mg, < 20 GeV
» At least 3 AK4 jets pT > 30 GeV and centrally produced oHE

| > Atleast 1 b-tagged AK4 jet HUH
B> 20 GeV

 _ = —_— = ——

- —

— = —

| Nonprompt lepton background estimation

> Use leptons that fail the ‘tight’ (f) lepton quality requirement, or ’loose’ (I), to estimate the number of events
containing fake leptons that pass the ‘tight’ lepton quality requirements

" > Construct matrix M consisting of prompt (fake) rates: rate at which prompt (nonprompt=fake) leptons pass the ‘tight’

quality requirement. ]
Single lepton case

N = pN, + [Ny
Ny =1 —p)Np+ (1 — f)Ny

N _ _ __
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| Event selections

4 Categories

| » Fires a dilepton trigger (depending on category)

| » At least 3 leptons, pass ‘tight' quality requirements cee
> pT > 30 GeV and centrally produced eey
> veto events with Mg, < 20 GeV
» At least 3 AK4 jets pT > 30 GeV and centrally produced oHE

| > Atleast 1 b-tagged AK4 jet HUH
B> 20 GeV

— — ——e—— - - = - - — - e —

| Nonprompt lepton background estimation

> Use leptons that fail the ‘tight’ (f) lepton quality requirement, or ’loose’ (I), to estimate the number of events
containing fake leptons that pass the ‘tight’ lepton quality requirements

" > Construct matrix M consisting of prompt (fake) rates: rate at which prompt (nonprompt=fake) leptons pass the ‘tight’

quality requirement. ]
Single lepton case

Nt = pNp + [Ny (Nt> (N )
— M| .P
Ny = (1—p)N, + (1 — f)Ny N N

___
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| Event selections

4 Categories

| » Fires a dilepton trigger (depending on category)

| » At least 3 leptons, pass ‘tight' quality requirements cee
> pT > 30 GeV and centrally produced eey
> veto events with Mg, < 20 GeV
» At least 3 AK4 jets pT > 30 GeV and centrally produced oHE

| > Atleast 1 b-tagged AK4 jet HUH
B> 20 GeV

S e — - E—— - = _— = = e ————

| Nonprompt lepton background estimation

> Use leptons that fail the ‘tight’ (f) lepton quality requirement, or ’loose’ (I), to estimate the number of events
containing fake leptons that pass the ‘tight’ lepton quality requirements

" > Construct matrix M consisting of prompt (fake) rates: rate at which prompt (nonprompt=fake) leptons pass the ‘tight’

quality requirement. ]
Single lepton case

Ne=plp+ I N, ( b f )
=M M =
Ny =(1—-p)Np+(1—f)Ny (Nl> ( l—p 1-—f

N _ _
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| Event selections

4 Categories

| » Fires a dilepton trigger (depending on category)

| » At least 3 leptons, pass ‘tight' quality requirements cee
> pT > 30 GeV and centrally produced eey
> veto events with Mg, < 20 GeV
» At least 3 AK4 jets pT > 30 GeV and centrally produced oHE

| > Atleast 1 b-tagged AK4 jet HUH
B> 20 GeV
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| Nonprompt lepton background estimation

> Use leptons that fail the ‘tight’ (f) lepton quality requirement, or ’loose’ (I), to estimate the number of events
containing fake leptons that pass the ‘tight’ lepton quality requirements

" > Construct matrix M consisting of prompt (fake) rates: rate at which prompt (nonprompt=fake) leptons pass the ‘tight’

quality requirement. ]
Single lepton case

Ne=plp+ I N, ( b f )
=M M =
Ny =(1—-p)Np+(1—f)Ny (Nl> ( l—p 1-—f

N _ _
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| Event selections

4 Categories

| » Fires a dilepton trigger (depending on category)

| » At least 3 leptons, pass ‘tight' quality requirements cee
> pT > 30 GeV and centrally produced eey
> veto events with Mg, < 20 GeV
» At least 3 AK4 jets pT > 30 GeV and centrally produced oHE

| > Atleast 1 b-tagged AK4 jet HUH
B> 20 GeV

S e — - E—— - = _— = = e ————

| Nonprompt lepton background estimation

> Use leptons that fail the ‘tight’ (f) lepton quality requirement, or ’loose’ (I), to estimate the number of events
containing fake leptons that pass the ‘tight’ lepton quality requirements

" > Construct matrix M consisting of prompt (fake) rates: rate at which prompt (nonprompt=fake) leptons pass the ‘tight’

quality requirement. ]
Single lepton case

Ne=plp+ I N, ( b f )
=M M =
Ny =(1—-p)Np+(1—f)Ny (Nl> ( l—p 1-—f

JNy = Ny —pNy (%;)2]\1_1(

N _ _
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Event selections

4 Categories

v

Fires a dilepton trigger (depending on category)

> At least 3 leptons, pass ‘tight' quality requirements eee
» pT > 30 GeV and centrally produced eel
> veto events with Mg, < 20 GeV

> At least 3 AK4 jets pT > 30 GeV and centrally produced e
> At least 1 b-tagged AK4 jet MU

miss
» E;r  >20GeV

e — = — —————

S e — - E—— - = _— = = e ————

Nonprompt lepton background estimation

> Use leptons that fail the ‘tight’ (f) lepton quality requirement, or ’loose’ (I), to estimate the number of events
containing fake leptons that pass the ‘tight’ lepton quality requirements

> Construct matrix M consisting of prompt (fake) rates: rate at which prompt (nonprompt=fake) leptons pass the ‘tight’

quality requirement. ]
Single lepton case

Ne=plp+ I N, ( b f )
=M M =
Ny =(1—-p)Np+(1—f)Ny (Nl> ( l—p 1-—f

fo:Nt_pr (]]\\;p>:M_1(
fakes = Ny — real /

— - - - - —
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| Event selections

4 Categories

| » Fires a dilepton trigger (depending on category)

| » At least 3 leptons, pass ‘tight' quality requirements cee
> pT > 30 GeV and centrally produced eey
> veto events with Mg, < 20 GeV
» At least 3 AK4 jets pT > 30 GeV and centrally produced oHE

| > Atleast 1 b-tagged AK4 jet HUH
B> 20 GeV

_— = — e ———

- —

— = —

| Nonprompt lepton background estimation

| > Use leptons that fail the ‘tight’ (f) lepton quality requirement, or ’loose’ (I), to estimate the number of events
| containing fake leptons that pass the ‘tight’ lepton quality requirements

" > Construct matrix M consisting of prompt (fake) rates: rate at which prompt (nonprompt=fake) leptons pass the ‘tight’
quality requirement.

N _ _ __
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| Event selections

4 Categories

| » Fires a dilepton trigger (depending on category)

| » At least 3 leptons, pass ‘tight' quality requirements cee
> pT > 30 GeV and centrally produced eey
> veto events with Mg, < 20 GeV
» At least 3 AK4 jets pT > 30 GeV and centrally produced oHE

| > Atleast 1 b-tagged AK4 jet HUH
B> 20 GeV

_— = — e ———

- —

— = —

| Nonprompt lepton background estimation

| > Use leptons that fail the ‘tight’ (f) lepton quality requirement, or ’loose’ (I), to estimate the number of events
| containing fake leptons that pass the ‘tight’ lepton quality requirements

" > Construct matrix M consisting of prompt (fake) rates: rate at which prompt (nonprompt=fake) leptons pass the ‘tight’
quality requirement. Triple lepton case

N _ _ __
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| Event selections

4 Categories

| » Fires a dilepton trigger (depending on category)

| » At least 3 leptons, pass ‘tight' quality requirements cee
> pT > 30 GeV and centrally produced eey
> veto events with Mg, < 20 GeV
» At least 3 AK4 jets pT > 30 GeV and centrally produced oHE

| > Atleast 1 b-tagged AK4 jet HUH
B> 20 GeV

— —— = - — - = —_— = ———

| Nonprompt lepton background estimation

> Use leptons that fail the ‘tight’ (f) lepton quality requirement, or ’loose’ (I), to estimate the number of events
containing fake leptons that pass the ‘tight’ lepton quality requirements

" > Construct matrix M consisting of prompt (fake) rates: rate at which prompt (nonprompt=fake) leptons pass the ‘tight’

quality requirement. Triple Iepton case
p® p*f pf? f?
v |30 -p)  P(I-f+2p(1-p)f 20f(L-f)+(1-p)f*  3f(1-f)
3p(1—p)? 2p(1—p)A—f)+ 1 —p%f pA—-FP2+20—-p)f(Q—Ff) 3f1—Ff)?
(1-p)® (1-p)*(1-f) 1-p)(1-f) (1-1)?°

N _ _ __
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| Event selections

4 Categories

| » Fires a dilepton trigger (depending on category)

| » At least 3 leptons, pass ‘tight' quality requirements cee
> pT > 30 GeV and centrally produced eey
> veto events with Mg, < 20 GeV
» At least 3 AK4 jets pT > 30 GeV and centrally produced oHE

| > Atleast 1 b-tagged AK4 jet HUH
B> 20 GeV

—— ——— —— = — - = — -— e ———

| Nonprompt lepton background estimation

> Use leptons that fail the ‘tight’ (f) lepton quality requirement, or ’loose’ (I), to estimate the number of events
containing fake leptons that pass the ‘tight’ lepton quality requirements

" > Construct matrix M consisting of prompt (fake) rates: rate at which prompt (nonprompt=fake) leptons pass the ‘tight’

quality requirement. Triple lepton case
%m %p”’ p® p*f pf? r?
N | =M N v |3PA-p  PA-H+21-p)f wf(1-H+A=-p)f* 31~
Nu N rs 3p(1-p)* 2p(1-p)(A-f)+(1-p?*f p(1-f)>?+20-p)fQA-f) 3f(1-f)?
(1-p)° 1-p)*(1-f) 1-p)A-f) 1-1)°

N _ _
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| Event selections

4 Categories

| » Fires a dilepton trigger (depending on category)

| » At least 3 leptons, pass ‘tight' quality requirements cee
> pT > 30 GeV and centrally produced eey
> veto events with Mg, < 20 GeV
» At least 3 AK4 jets pT > 30 GeV and centrally produced oHE

| > Atleast 1 b-tagged AK4 jet HUH
B> 20 GeV

— —— = - — - = —_— = ———

| Nonprompt lepton background estimation

> Use leptons that fail the ‘tight’ (f) lepton quality requirement, or ’loose’ (I), to estimate the number of events
containing fake leptons that pass the ‘tight’ lepton quality requirements

" > Construct matrix M consisting of prompt (fake) rates: rate at which prompt (nonprompt=fake) leptons pass the ‘tight’

quality requirement. Triple Iepton case
%m %p”’ p3 p’f pf? 2
N | =M N v |30 =p)  PA-H+2w1-p)f wf(1—f)+1-p)f* 321~ )
Nu Nifs 3p(1-p)? 2p(1—p)(1—f)+ (1 —p)*f pA-f>?+2(1-p)f1—f) 3f(1—f)
(1-p)? (1-p)*(1-f) (1-p)(1—f)? (1-1)?°

Nppp Nii

Nppf _ 1| Nu

Npss | M Nu;

Nygy Nuy
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| Event selections

4 Categories

| » Fires a dilepton trigger (depending on category)

| » At least 3 leptons, pass ‘tight' quality requirements cee
> pT > 30 GeV and centrally produced eey
> veto events with Mg, < 20 GeV
» At least 3 AK4 jets pT > 30 GeV and centrally produced oHE

| > Atleast 1 b-tagged AK4 jet HUH
B> 20 GeV

S— - - _— = — e ————

— = —

| Nonprompt lepton background estimation

> Use leptons that fail the ‘tight’ (f) lepton quality requirement, or ’loose’ (I), to estimate the number of events
containing fake leptons that pass the ‘tight’ lepton quality requirements

" > Construct matrix M consisting of prompt (fake) rates: rate at which prompt (nonprompt=fake) leptons pass the ‘tight’

quality requirement. Triple lepton case
I\ Nppp g , \ \
Ny Nppy o p 0 p°f pf \ ) f
Ny | =M Nty v |3 A=p)  pA-f)+2p(1-p)f 2pf(1—-f)+ (1 —p)f 3f2(1— f)
Nu Nisy 3p(1-p)?* 2p(1-p)(1—-f)+A—-p)*f p(1—-fP+20-p)f(1-Ff) 3fQ-f)

(1-p)° (1-p)*(1—f) (1-p)(1 - £)? (1-f)?

Nppp Ny Nyiy = real + fakes
Nopps — M! Ny
JZ%Z %EZ Nty = (M[1, 1] - Nppp) + (M[1,2] - Nppy + M][1,3] - Npsy + M][1,4] - Ngyy)
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| Event selections

4 Categories

| » Fires a dilepton trigger (depending on category)

| » At least 3 leptons, pass ‘tight' quality requirements cee
> pT > 30 GeV and centrally produced eey
> veto events with Mg, < 20 GeV
» At least 3 AK4 jets pT > 30 GeV and centrally produced oHE

| > Atleast 1 b-tagged AK4 jet HUH
B> 20 GeV
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| Nonprompt lepton background estimation

> Use leptons that fail the ‘tight’ (f) lepton quality requirement, or ’loose’ (I), to estimate the number of events
containing fake leptons that pass the ‘tight’ lepton quality requirements

" > Construct matrix M consisting of prompt (fake) rates: rate at which prompt (nonprompt=fake) leptons pass the ‘tight’

quality requirement. Triple lepton case
I\ Nppp g , \ \
Ny N,y p p°f pf f
Na | =M N v |3 (=p)  p(A-f)+2p(1-p)f 2pf(1-f)+ A -p)f*  3f(1-f)
Nu Nisy 3p(1-p)?* 2p(1-p)(1—-f)+A—-p)*f p(1—-fP+20-p)f(1-Ff) 3fQ-f)

(1-p)° (1-p)*(1—f) (1-p)(1 - £)? (1-f)?

Nppp Ny Nyiy = real + fakes
Nopps | _ M1 Ny /
JZ%Z %EZ Nty = (M[1, 1] - Nppp) + (M[1,2] - Nppy + M][1,3] - Npsy + M][1,4] - Ngyy)
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| Event selections

4 Categories

| » Fires a dilepton trigger (depending on category)

| » At least 3 leptons, pass ‘tight' quality requirements cee
> pT > 30 GeV and centrally produced eey
> veto events with Mg, < 20 GeV
» At least 3 AK4 jets pT > 30 GeV and centrally produced oHE

| > Atleast 1 b-tagged AK4 jet HUH
B> 20 GeV
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| Nonprompt lepton background estimation

> Use leptons that fail the ‘tight’ (f) lepton quality requirement, or ’loose’ (I), to estimate the number of events
containing fake leptons that pass the ‘tight’ lepton quality requirements

" > Construct matrix M consisting of prompt (fake) rates: rate at which prompt (nonprompt=fake) leptons pass the ‘tight’

quality requirement. Triple lepton case
I\ Nppp g , \ \
Ny N,y p p°f pf f
Na | =M N v |3 (=p)  p(A-f)+2p(1-p)f 2pf(1-f)+ A -p)f*  3f(1-f)
Nu Nisy 3p(1-p)?* 2p(1-p)(1—-f)+A—-p)*f p(1—-fP+20-p)f(1-Ff) 3fQ-f)

(1-p)° (1-p)*(1—f) (1-p)(1 - £)? (1-f)?

Nppp Ny Nyiy = real + fakes
Nopps | _ M1 Ny /
JZ%Z %EZ N :(M[l’ 1] - Nppp) H (M1, 2] - Nppg + M([1,3] - Npgs + M[1,4] - Ngsy)
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| Event selections

4 Categories

| » Fires a dilepton trigger (depending on category)

| » At least 3 leptons, pass ‘tight' quality requirements cee
> pT > 30 GeV and centrally produced eey
> veto events with Mg, < 20 GeV
» At least 3 AK4 jets pT > 30 GeV and centrally produced oHE

| > Atleast 1 b-tagged AK4 jet HUH
B> 20 GeV

S— - - _— = — e ————
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| Nonprompt lepton background estimation

> Use leptons that fail the ‘tight’ (f) lepton quality requirement, or ’loose’ (I), to estimate the number of events
containing fake leptons that pass the ‘tight’ lepton quality requirements

" > Construct matrix M consisting of prompt (fake) rates: rate at which prompt (nonprompt=fake) leptons pass the ‘tight’

quality requirement. Triple lepton case
Nttt Nppp 3 2 2 3
Ny N,y p p°f pf f
Na | =M N, v |30 -p)  P(I-f+2p(1-p)f 20f(1-f)+ QA -p)f*  3f*(1-f)
Ny, N rs 3p(1-p)* 201 —p)(1—f)+ (1 -p>*f p(A—-fP+20-p)f(1—f) 3f1—f)?

(1-p)° 1-p)*(1-f) 1-p)A-f) 1-1)°

Nppp Ny Nyt = real + fakes
%ppf — ML JJ:;ttl / \
N?J;; Ny Ny =(M[1, 1]+ Nppp) - (M1, 2] - Nppy + M1, 3] - Npsy +MI1,4] - Nys)
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| Event selections

4 Categories

| > Fires a dilepton trigger (depending on category)
| > At least 3 leptons, pass ‘tight' quality requirements eee
» pT > 30 GeV and centrally produced eeu
> veto events with Mg, < 20 GeV
> At least 3 AK4 jets pT > 30 GeV and centrally produced e
m > At least 1 b-tagged AK4 jet MUM
miss
» Bt >20GeV

—— — _ _ __ _ — e e

— = —

| Nonprompt lepton background estimation

> Use leptons that fail the ‘tight’ (f) lepton quality requirement, or ’loose’ (I), to estimate the number of events
containing fake leptons that pass the ‘tight’ lepton quality requirements

" > Construct matrix M consisting of prompt (fake) rates: rate at which prompt (nonprompt=fake) leptons pass the ‘tight’

quality requirement. Triple lepton case
%m %ppp P P f pf? f3
N | =M N v |3PA-p  PA-H+21-p)f wf(1-H+A=-p)f* 31~
Nu N rs 3p(1-p)* 2p(1-p)(A-f)+(1-p?*f p(1-f)>?+20-p)fQA-f) 3f(1-f)?

(1-p)° 1-p)*(1-f) 1-p)(1-f)? 1-f)°

Nppp Ny Nyt = real + fakes
%ppf — ML JJ:;ttl / \
N?J;; NZ; Nt :(M[la 1] - Nppp) ‘*‘(M[l, 2] - Nppg + M[1,3] - Npss +M][1, 4] 'foj)
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‘; > Lepton prompt rates measured usmg tag and | :
| probe in Drell-Yan events

> Lepton fake rates meaSlﬂ;e:(_:i |no|reg|o 1|  all categories from fits of the predicted to data.

> Scan and select a set of electron muon fake
rates that gives minimum of)(

Lo

- Control Region

| » Same selections as previously defined, except:
> exactly 2 jets

> exacﬂy 3 |eptons | Xz(r) _ Z (Ndata (Nddbkg( ) + NMC))
— - i Nfidbkg( )+NJZVIC
-1
30 OYVORK IN PROGRESS 35.9 fb™' (13 TeV) WORK IN PROGRESS 350 1" (13 Tev)
B TT(1.0 TeV) nominal BRs x50 - §§§§ —e— DATA
: 0= e
250 - = VV\E (WV‘VW,‘W\jVZ, wzz, 222) 250f— §§ g = ¥¥v& .
N . . - Zjets E ii\ N :E;BKG (stat. @ syst.
2005 signal region -:Jve:;m) %2005— § - Y )
B m Bkg uncert. (stat. ® syst.) Lﬁ 150;_ §§
150 100F-
N - \\§
100 sof- By,
50; | | ] g - Bkg shape syst. [EiiEg Bkg sha;e_ﬁz
0 l 5 10 15 % 100 200 300 200 500
AK4 Jet multiplicity Leptons p_ (GeV)

control region
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| Control regions

J WORK IN PROGRESS 35.9 b (13 TeV) WORK IN PROGRESS 35.9 b (13 TeV) WORK IN PROGRESS 35.9 fb™' (13 TeV)
1 04 E —e— DATA E —e— DATA 1 04 E —e— DATA
‘ E m——— TT(1.0 TeV) nominal BRs x2 : s TT(1.0 TeV) nominal BRs x2 E TT(1.0 TeV) nominal BRs x2
: - TT(1.2 TeV) nominal BRs x10 1 03 - - TT(1.2 TeV) nominal BRs x10 3 — - TT(1.2 TeV) nominal BRs x10
3 VV & VWV VV & VWV VV & VWV
| 1055 -1TvG E [ R 10? — B
- DD BK( - DD BKG — DD BKG
n B NUWN XY Bkg uncert. (stat. @ syst.) (V)] 2 X Bkg uncert. (stat. @ syst.) ) 2 B . KXXJ Bkg uncert. (stat. @ syst.)
T 102;5\& T 10 ng’\\\\i\\{ £ 100 b S
2 F o FREN, e F B
T 4 b 10g SN w 10
1 1 L 1 _g \\\\\\\
;\\\\\\\\\\\\\\\\\\ \\\\\\\\ \\ \\\\\\\\\V\\\ E § \\\\\\\\\\
an-1 N N an-1 B 4 n-1 B
x()? Bkg shape syst. [EEE) Bkg shape ® norm. syst. ) Bkg stat. @ all syst. xc) syst. [ Bkg stat. @ all syst. g-, ...... _
@ 2 o 2 i o 2
3 + 3 3 e :
N %««Mﬂiﬂ ﬁﬁﬂiiéiié . 2y 2y Mamaawésaaiasasm
o . . . .
500 1000 1500 2000 % 100 200 300 400 500 % 500 1500 2000
H. (GeV) £, (GeV) S; (GeV)

| Signal region (blinded)

WORK IN PROGRESS 35.9 fb' (13 TeV)

TT(1.0 TeV) nominal BRs x2

TT(1.2 TeV) nominal BRs x10

- VV & VWV
—

DD BKG

> St =lepton pT + jet pT + Ey™Miss e

> Use St as discriminating variable 102

N &\\\\\\\\\\\\\\ N \\§§ Bkg uncert. (stat. @ syst.)
SN MMM

> Use as templates for limit calculation 1¢

—h
T

1000 1500  200f
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Systematic Uncertainties

(honprompt lepton background)

Source Uncertainty
Leption mis-ID rate 6 —42%
Muon mis-ID in # 12 -29%
NP method closure 20 —24%
Prompt rate (e) 2-21%
Prompt rate () 2—-7%

T e — L — S

> I‘epton mis-ID : measured by observing the difference in f Ara in tt
MC sample when applying signal region selection and control region
selection.

> Muon mis-ID in n : taking into account n dependence of the muon fake
rate

> Nonprompt (NP) method closure: measured using tt MC sample

Aug 1, 2017 »
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Systematic Uncertainties

Source Uncertainty Zlirggle leglt(c;;l S'il“;ﬂep t]c3)1r<1g d |
Luminosity 2.5% Yes All Yes MC
Reconstruction 1% Yes All Yes MC |
Identification 2%(e), 3%(u) Yes All Yes MC
Isolation (e, 1) 1% Yes All - = |
Trigger (e or u) +o(pr, 1) Yes All — -
Trigger (££7) 3% - - Yes MC
Pileup Oinel. = 4.6% Yes All Yes MC

Jet energy scale +o(pr, 1) Yes All Yes MC

Jet energy res. +o(n) Yes All Yes MC
Top pt weight env(no weight, weight) | Yes tt - -

Hr scaling env(uppper, lower fits) | No — W+jets - >

b tag: b +o(pT) Yes All Yes MC

b tag: light +o Yes All Yes MC
Witag: 1/1 +0o Yes All - -

W tag: /7 pr +o(pr) Yes All — —

W /H tag: mass scale +o(pr,7) Yes All — —

W /H tag: mass res. +o(n) Yes All — —

H tag: propagation 5% Yes All - - |
Renorm./Fact. scale env(x2, X0.5) Shape All Shape MC |
PDF to Shape All Shape MC
VV rate 15% No VvV - -
Single tW rate

tW

12
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Expected_Limits

» Apply Bayesian inference to calculate 95% CL expected upper limits on the

still in progress.

> Expected upper limits from the single lepton + jets search using the 13 TeV 2015 data

(arXiv:1706.03408v1):
> VLQ To/3 at mass of 1 TeV (for the singlet & doublet BR) is ~ 0.1 pb.

> Cross section for VLQ T,/3 at mass of 1 TeV is ~ 0.045 pb.

» From the factor of 10 more luminosity, improved techniques and addition of other final |
state signatures, we project that the expected upper limits for VLQ T3 at mass of |

1 TeV for the singlet (doublet) BR will be ~ 0.02 (0.01) pb.

Aug 1, 2017
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> We perform a search for pair of VLQ T2/3 particle decaying into bW,
tZ, tH

> We look at two channels
> single lepton + jets
> triple lepton (or more) + jets

> Results are still blinded and work is still in progress for the 95% CL

expected upper limits for the production cross section of pair of VLQ
Tos3

> We project to exclude VLQ Tz/3 with mass up to 1 TeV for both the
singlet and doublet BR.
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Quick Glossary ~ guon

> MC: Monte Carlo
M , ] . .
> ET™%: Magnitude of missing transverse momentum vector.

> pT :transverse momentum
> N : pseudo-rapidity
» Mosi: invariant mass of opposite-sign dilepton |

> prompt (honprompt) rates : rate of prompt (honprompt) leptons passing the
‘tight’ lepton quality requirements |

> AK4 : Anti-kt jets with R=0.4 |
> AKS8 : Anti-kr jets with R=0.8 ‘

> n-subjettiness (1) : measure of number of prongs in a jet arXiv:1011.2268

h

J; \
M » b-tagged jet : jet identified as a result of B-hadron decay ( from b quark )
» pruned mass: Mass of AKS jet after applying ‘Pruning’ jet grooming technique )
arXiv:0912.003 |
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Lepton Quality Requirements g srowx

A Electron Muon

> A multivariate discriminant is to identify electrons. % > Muon Identification algorithms consider
’r Looks at variables that measure: | > the quality of this fit,
»‘ |

> track quality, » the number or fraction of valid hits in the

o trackers and muon detectors,
» association between the track and

electromagnetic shower, shower shape, > track kinks, and

and | » the distance between the track from the silicon

> likelihood of the electron being produced in a fracker and

photon conversion in the detector. > the primary interaction vertex.

“» Two quality levels: > Two quality levels:
> a tight level with =97% efficiency and

> a tight level with =88% efficiency and

» a loose level with 100% efficiency in the
barrel region of the detector.

Isolation
> We apply an isolation criteria for the leptons. Evaluated using a variable called ‘mini Isolation’ (/_. .):

» sum of particle flow candidate pT within a pT-dependent cone around the lepton (R), corrected for the effects of pileup
and divided by the lepton pT. R — 10 GeV
~ min(max(pr,50GeV),200GeV)"

» The reconstructed electrons and muons must have:
» 1 .. <0.1 to be labeled tight, and

> Imini < 0.4 to be labeled loose.
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|

| > T pair and and all SM processes simulated using MC
IJ

> NLO tt, single top, WZ, ZZ events uses POWHEGvV2[1-4] matrix element generator

i » NLO tt+W, tt+Z, triboson, s- and t- channel of single top events uses
MADGRAPHS5_aMC@NLO 2.2.2[5] with FxFx[6] merging.

> LO WH+jets, Drell-Yan, multijet events uses MADGRAPH 5.2.2.2[5] with MLM[7] merging.
» Parton showering, underlying events, diboson events simulated using PYTHIA 8.212[8,9]. |

> Detector simulation for all MC samples performed using GEANT4[10].

E — — = — e
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Pruning
Redo clustering
remove soft

large angle
constituents

—

o = Pz Prj) AR;; > Dgy. arXiv:0912.0033

pr
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N-subjettiness %E D eoaes ok P

CMS |

> Use Kkr jet clustering algorithm to find potential subject —> defines t
axes

> TN —> measure of how likely the jet has N-prongs

1 :
™N = — > prymin{ARy, ARy, ,ARNk} .
0 %

65 GeV < mj < 95 GeV

W jets

.A_RJ,k — \/(An)2_+ (Ad)?  oorf o [=——QCD jets;

A

arXiv:1011

.2268

0 0.2 0.4 0.6 0.8 1
12/11 of jet
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Tracker

Hadron Superconducting
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Transverse slice
through CMS
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