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Outline

Single VLQ production

The large width, when and why  

Including signal-background interference 

Next-to-Leading Order (NLO) results 
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Single Vector-Like Quarks
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• Single production: unique window to test BSM models 

• Single production dominant with present mass bounds at LHC (∼1 TeV)

• Decay: UV models suggest richer pattern than the usual modes with Z, W, h

• Models suggest multiplet structures, not just “isolated” VLQs



Example : T’ single production modes
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When and why large with?
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Width schemes
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• Breit-Wigner

• Running width

• Complex mass scheme

i(p/+M)

p2 �M2 + i p2

M2�M

i(p/+M)

p2 �M2 + i�M

M2 ! M̃2 = M2 � i�M

consistent, gauge-invariant and applicable at NLO 
A. Denner et al., Nucl. Phys. B 560 (1999), 33-65 A. Denner et al., Nucl. Phys. B 854 (2012), 504-507 
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Width schemes
Breit Wigner

Complex mass scheme

Running width scheme

pp→{W,T}→(jj)Wbbj

pp→{W,T}→Wbbj

MT=1000GeV

ΓT /MT=1%

ΓT /MT=10%
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Breit Wigner

Complex mass scheme

Running width scheme

pp→{Z,T}→httj
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Small differences in the Minv shape 
In the RW the peak shifts to the left 
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When the width is large

• Off-shell effects are not negligible anymore 
• Subdominant topologies in the Narrow Width Approximation, may become 

important (t-channel) 
• Outside the NWA all topologies leading to the same final state must be taken 

into account for gauge invariance 
• Important to take into account interference effects, both between signal 

topologies, and between signal and SM background 
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Parametrisation for large width regime 
example for W-mediated production 
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In the narrow-width approximation - no interference with the SM background 

In the large width case:



NLO for large width 

A.Deandrea ICHEP 2022

NLO QCD corrections can have a big impact on total cross-sections and 
distributions 
Complex mass scheme required for gauge-invariance but not available at NLO

Approximate treatment 
1)  Generate events at LO with large width with complex mass scheme 
2)  Generate events at LO+PS and NLO+PS in the NWA 
3)  For a given observable O: 

Limitation: a differential K-factor independent of the width/mass ratio is applied 
s-channel must be dominant over t-channel (K-factor is evaluated in the NWA) 
interference must be negligible (simulations stop at the 2 → 3 processes) 



Numerical results 
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NLO NWA
NLO ΓT /MT=1%
NLO ΓT /MT=10%
NLO ΓT /MT=30%
NLO ΓT /MT=50%

5.×10-4

0.001

0.005

0.010

0.050

0.100

d
σ
/d
p
T
(n
o
rm
a
lis
e
d
u
n
its

)

pp→{W,T}→Wbbj , W→anything MT=1000GeV

Scale
PDF
Total combined

0 200 400 600 800 1000
-60

-40

-20

0

20

40

60

pT (j0) [GeV ]

sy
st
e
m
a
tic
s

(%
)

LO NWA
NLO NWA

500

1000

5000

1×104

5×104

1×105

d
σ
/d
p
T
(p
b
/b
in
)

pp→{W}→Tbj, T→Wb, W→anything MT=1TeV

0 200 400 600 800 1000

0.5

1.0

1.5

pT (j0) [GeV ]

k
-
fa
ct
o
r

NLO: reduction of theory uncertainties
Peak at MT /2 independent of ΓT 

Large dependence of the width
above MT 



Conclusion

• NLO correction allow improved predictions and 
reducing uncertainties 
✤ shape distortion, large K-factors 
✤ impacts total rates 
✤ impacts the tails of several distributions 

• Large width effects are important in realistic cases 
and can induce off-shell effects, interferences

• We provide an approximate framework to deal with 
both
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