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Why searching for Vector-like quarks (VLQs)?

1. What? Spin—l /2 fermions having ¢r, and ¢ in the same SU(2) representation.
¢ X SU(Z x U(1

Limass = MQ (l;ELlI]R + ll_)RlPL)

Gauge-invariant mass term
(impossible to have for SM fields)
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e Based on general assumptions, mostly 7 possible SU(2) representations heavily
constraining the dynamics

X,Y : exotic charges

0 0 no mixing with SM fields
(singlets) — Tp r, DBrg
(doublets) — (X TO)L’R ) (TO BO)L’R 5 (BO Y)L,R

(triplets) — (XT°B%pr, (T°B°Y)Lr

Romain Madar (IN2P3/LPC) SUSY2018 - 07/18 2/17



Motivations
®0

Why searching for Vector-like quarks (VLQs)?

1. What? Spin-1/2 fermions having ¢, and ir in the same SU(2) representation.
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e Modify observable physics via a mixing with SM quarks (3'¢ generation)
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Pair production (model independent — driven by QCD)

Single production / decay (model
dependent — driven by EW)
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The ATLAS search program

0

Example of search strategy: pp — TT

Branching ratio (BR) not known a priori except for
@ VLQ with exotic charge |g| > 1 (only one possible decay)
@ SU(2) singlet (BR independant from the mixing at the first order)

BR(T- Ht) A

B,
",
“f/f/g%
BR(T-2t)~ 1
BR(T - Wh)
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Example of search strategy: pp — TT

Branching ratio (BR) not known a priori except for
@ VLQ with exotic charge || > 1 (only one possible decay)
@ SU(2) singlet (BR independant from the mixing at the first order)

arXiv:1803.09678

BR(T - Ht)

pp > TT - l+jets Boosted H & top
T - Ht - bb 1lvb topology exploited
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Example of search strategy: pp — TT

Branching ratio (BR) not known a priori except for
@ VLQ with exotic charge |g| > 1 (only one possible decay)
@ SU(2) singlet (BR independant from the mixing at the first order)
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Analysis Vector-Like Top T Vector-Like Bottom B Xi5/3 Y 43
name ref. Ht Zt Wb | Hb Zb Wt W t2/3 Wp1/3

B (Hets / 00+ Emiss PP PP - R R _ - -
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2
g {+jets (boosted _ - - _ - PP - -
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33
1
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PP = Pair Production, SP = Single Production, red = new results = presented today
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Pair production
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Generic decays

Covering many decay chains with ss2¢/3€ + b-jets

? Vector-like T Z A Vector-like B
[ e
g ol
o g .
) a5,
//'f"f/g /’/Jf’/ %,
0 o
zt)~1 BR(B-Zb) ~ 1
o s
>
BR(T - Wh)
Final states:
Ht/ Ht/ Wt

Romain Madar (IN2P3/LPC)

BR(B -~ Wt)

CERN-EP-2018-171

BB — WtW*i— W WBW W
BB — W~tZb —» W-W*BZb
TT — Z1Zi — ZW*BzZW B
TT — ZtHi —» ZW*BHW-B
Strategy: exploit b-jets together with

same-sign leptons pair (or 3[)
- very low SM background
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Generic decays

Covering many decay chains with ss2¢/3€ + b-jets

Pair production
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CERN-EP-2018-171
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Final states:
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Covering many decay chains with ss2¢/3€ + b-jets

CERN-EP-2018-171
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Pair production
[ofe] ]

Boson and top tagging with full hadronic mode

CERN-EP-2018-176

Overall strategy:
- exploit jet sub-structure to tag W, Z, H and t using advanced technics
- keep multijet background under control, requiring moderate mET

Variable cone
ize re-clustering
cone size optimized for

- capturing boosted structures
- minimizing overlap between objects (quite busy events)

Romain Madar (IN2
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production

Boson and top tagging with full hadronic mode

CERN-EP-2018-176
Overall strategy:

- exploit jet sub-structure to tag W, Z, H and t using advanced technics
- keep multijet background under control, requiring moderate mET

DNN-based 12 categories based
tagging of V/H/t on N,N,,N, N,

Variable cone
size re-clustering
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~ Vs=13TeV VLQ DNN
T o1 ) Before tag |
< VRC jets Visgaed
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= Background jet

0.06

o
o
=

o
Q
IS}

150
VRC jet mass [GeV]
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Pair production
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Boson and top tagging with full hadronic mode

CERN-EP-2018-176

Overall strategy:
- exploit jet sub-structure to tag W, Z, H and t using advanced technics
- keep multijet background under control, requiring moderate mET

> DNN-based > 12 categories based > Matrix Element
tagging of V/H/t on N,N,,N, N, Discriminant

Variable cone
size re-clustering
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= 04F yrgjers %l\?/e‘fcre L;g B o VLQ All-hadronic TT - WbWb
— V-tagge« ksl " o,
% | miezs _;ﬁggs,tagged ] § (VV,01,2b) Separation: 42.9%
— Top-tagged | I . )
EO'OB :‘350: P :00'0 Gev 03 Final variable used
ackground jef for signal extraction
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Boson and top tagging with full hadronic mode

CERN-EP-2018-176

Overall strategy:
- exploit jet sub-structure to tag W, Z, H and t using advanced technics
- keep multijet background under control, requiring moderate mET
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Boson and top tagging with full hadronic mode

CERN-EP-2018-176

Overall strategy:
- exploit jet sub-structure to tag W, Z, H and t using advanced technics
- keep multijet background under control, requiring moderate mET

> DNN-based > 12 categories based > Matrix Element
tagging of V/H/t on N,N,,N, N, Discriminant

Variable cone
size re-clustering
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Combination
Putting everything together ...

Overlay of all channels
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Combination

Putting everything together ...

Full statistical combination
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© Single production

Romain Madar (IN2P3/LPC) SUSY2018 - 07/18 10 /17



Single production
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Bwith H — vy

Singly-produced B with H — vy

Single production

- depends on mixing parameters

- potentially reach higher masses

- signature: presence of a forward jet

Romain Madar (IN2
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Bwith H — vy

Singly-produced B with H — vy

Fraction of events / 25 GeV

T T T T
- ATLASPreliminary =27y, m,_ window
13 TeV, 79.8 fb! lepton veto, > 1 forward jet
B bH(>W),x,=05  >1btag, || < 1.1

m
— m, = 1600 GeV

-+ Higgs background
- m,, data sidebands

i ]
500 1000 1500 2000 2500

m,,, [GeV]

Events

Events

0

Single production

- depends on mixing parameters

- potentially reach higher masses

- signature: presence of a forward jet

B-Hb-yyb strategy
- clean and reconstructible final state
- background estimate using side bands

Higgs
window

Data sidebands

Final discriminant

Floating normalization

160
my [GeV]

300 ms
myyb [GeV]
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Bwith H — vy

Singly-produced B with H — vy

Fraction of events
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Single production

- depends on mixing parameters

- potentially reach higher masses

- signature: presence of a forward jet

B-Hb-yyb strategy
- clean and reconstructible final state
- background estimate using side bands
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Singly-produced B with H — vy
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- background estimate using side bands
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Bwith H — vy

Singly- and pair-produced X5/;; with ss2£ 4 b-jets
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Singly- and pair-produced X5/;; with ss2£ 4 b-jets
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Bwith H — vy

Singly- and pair-produced X5/;; with ss2£ 4 b-jets
CERN-EP-2018-171

Identify the exotic charge >1 only if

- single production
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Bwith H — vy

Singly- and pair-produced X5/;; with ss2£ 4 b-jets

CERN-EP-2018-171

Identify the exotic charge >1 only if
- single production
P - same-sign dilepton final state
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Take-home messages

Vector-like quarks appear in a large number of Standard Model extensions

extremely rich final states involving combination of H, W, Z, t,b

ATLAS has a vast search program including pair/single production and exotic charges
facing background difficult to model (e.g. t-+H.F. or tfV+H.E)

Challenging and rare decay modes are exploited (H — 7y, full had, ss2/7)

using sophisiticated analysis strategy

Combining all channels excludes T (B) with masses up to 1.4 (1.3) TeV
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Targeting Ht: £+jets / 0£ 4+ ET* with boosted H/t
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Motivations The ATLAS search program air production roduction Conclusion

Targeting Ht: £+jets / 0£ 4+ ET* with boosted H/t
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Exploiting Z — ££ from the decay chain: 0s2¢
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