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» Hadron colliders: best discovery reach
P Lepton colliders: precision studies and indirect searches

This may not be the case for weakly interacting particles
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» Hadron colliders: best discovery reach
P Lepton colliders: precision studies and indirect searches

This may not be the case for weakly interacting particles

Consider the example of SU(2),-singlet vectorlike leptons 7'
e o~ (1,1,-1) + (1,1,+1)
which should be contrasted with the chiral 7 leptons in the SM:

m,7h ~ (1,2,-1/2) 4+ (1,1,41)
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» Hadron colliders: best discovery reach
P Lepton colliders: precision studies and indirect searches

This may not be the case for weakly interacting particles

Consider the example of SU(2),-singlet vectorlike leptons 7'
e o~ (1,1,-1) + (1,1,+1)
which should be contrasted with the chiral 7 leptons in the SM:

m,7h ~ (1,2,-1/2) 4+ (1,1,41)

Motivations:
» Many new physics models require vectorlike leptons
> New fermions must be necessarily vectorlike
» Decouple from flavor and EW precision data for higher masses
» Automatically anomaly-free
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Current 95% CL exclusions:
» M. < 101.2 GeV [LEP 0107015]
> 125 GeV < M,» < 150 GeV [CMS 2202.08676]
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Current 95% CL exclusions:
» M. < 101.2 GeV [LEP 0107015]
> 125 GeV < M,» < 150 GeV [CMS 2202.08676]

Limited discovery/exclusion reach for 7/ at the
» LHC [Kumar, Martin 1510.03456]
> Future pp colliders (incl. /s =100 TeV) [PNB, Martin 1905.00498]
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» Pair-production mode: ete™ — y*, Z* — 7/T7/~
» For M, much smaller than /s, o ~ 1/s (independent of M,)
» Ignoring ISR + beamstrahlung (for now)
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Signal components:

+ trT— ZZrtrT, hhtt 77, Zhtt ™
ZWErT + F, hWWErT + F,

WEWT + E (largest!)

ete” =7/

TWe used WHIZARD + CIRCE?2 in order to account for ISR + beam spectra
tFor detector simulation, we used delphes_card ILD.tcl based on [ILC Design Report 1306.6329)]
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WErT + F, hWErT + F,

WEWT + E (largest!)

Backgrounds: tt, ttZ, tth, WWh, WWZ, ZZh, ZZZ, ...

Signal and background events generated at leading order by:
FEYNRULES — MADGRAPHHT — PyTHIAS — DELPHES

TWe used WHIZARD + CIRCE?2 in order to account for ISR + beam spectra
tFor detector simulation, we used delphes_card ILD.tcl based on [ILC Design Report 1306.6329)]
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WEWT + E (largest!)

Backgrounds: tt, ttZ, tth, WWh, WWZ, ZZh, ZZZ, ...

Signal and background events generated at leading order by:
FEYNRULES — MADGRAPHHT — PyTHIAS — DELPHES

Goal: Reconstructing the mass peaks of 7/ for various M, in various signal
regions

TWe used WHIZARD + CIRCE?2 in order to account for ISR + beam spectra
tFor detector simulation, we used delphes_card ILD.tcl based on [ILC Design Report 1306.6329)]
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Signal components:

ete” » 7t  ZzZrtrT, hhtt 77, Zhtt ™
WErT + F, hWErT + F,

WEWT + E (largest!)

Backgrounds: tt, ttZ, tth, WWh, WWZ, ZZh, ZZZ, ...

Signal and background events generated at leading order by:
FEYNRULES — MADGRAPHHT — PyTHIAS — DELPHES

Goal: Reconstructing the mass peaks of 7/ for various M, in various signal
regions

Consider 1 TeV ILC with unpolarized beams for demonstration
(Preliminary)

TWe used WHIZARD + CIRCE?2 in order to account for ISR + beam spectra
tFor detector simulation, we used delphes_card ILD.tcl based on [ILC Design Report 1306.6329]
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Signal regions with exactly 27: Reconstruct Z from ete™ /u*p~/jj and h
from bb

bde/lu+2T

4 +271
2e/p+2j+27
2e/p+2b+271
2j+2b+27T
4b+2T1

vVvyVvyyVvyyvVvyy

TThere could be more than 2 candidate Z/h in events with 4e/41/4j/4b.
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Signal regions with exactly 27: Reconstruct Z from ete™ /u*p~/jj and h
from bb

> de/u+2T

>4, +2T }ZZTT
> 2e/u+2j+27

> 2e/u+2b+27
>2j+2b+27 }ZhTT
> 4b+2T } hhrt

TThere could be more than 2 candidate Z/h in events with 4e/41/4j/4b.
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Signal regions with exactly 27: Reconstruct Z from ete™ /u*p~/jj and h
from bb

> de/u+2T

>4, +2T 77T
> 2e/u+2j+27

> 2e/u+2b+27
>2j+2b+27 }ZhTT
> 4b+2T } hhrt

Strategy:
P Require both taus 71, 7 have opposite-signs
» Reconstruct all candidate Z/h bosons, Bj, By, b
» Find various pairings that reconstruct 7’ pair:

7’{ = (7‘1, Bk) and Té = (7’2, Bg)
such that the candidate bosons By, By are unique

TThere could be more than 2 candidate Z/h in events with 4e/41/4j/4b.
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Naive attempt: Pick a pairing that minimizes \MTI' — MT2/| and plot
(M + M;)/2 (choosing M, = 200 GeV)

Isosinglet VLL at e"e™ colliders Peak reconstruction Prudhvi Bhattiprolu (UMICH) 7/15


https://inspirehep.net/authors/1794660
https://lsa.umich.edu/lctp

Naive attempt: Pick a pairing that minimizes [M,; — M| and plot
(M + M;)/2 (choosing M, = 200 GeV)

x10~° Vs=1 TeIV, (Pe+,P|e—) = (0,9)

I — No neutrino correction 40.09

100 125 150 175 200 225
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Naive attempt: Pick a pairing that minimizes \MTI' — MTz'| and plot
(M + M;)/2 (choosing M, = 200 GeV)

x10~° Vs=1 TeIV, (Pe+,Ple—) = (0,9)

I — No neutrino correction -40.09 =
3 s
Lo Jo.08 &
. @
o {0073
0.8
% [ 40.06 ©
<) <
g 0.6k J0.05 2
= E )
. s 0.04 &
SR O4F 003 |
o
—40.02
0.2F 3
40.01 |
[ N>
0.0~ — . ==10.00
100 125 150 175 200 225
My [GeV]

» Can do better: account for the missing four-momentum of each 7;

carried by neutrinos v;
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Better attempt:!

» Use collinear approximation for 11 from 71 decay:

El/1 = |ﬁl/1|7 ﬁV1 = (r - 1)57’1

Here, 71 is taken to be the 7 with highest energy?

tAdditionally, for candidate Z/h bosons reconstructed from (b) jets, rescale the 4-momenta
of each (b) jet by a common factor such that their invariant mass is exactly Mz,
¥Except in the events with exactly one Z that decays leptonically, in which case 71 in each
pairing is relabeled to be the 7 that is being paired with the leptonically decaying Z.
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> Use total missing £ (inferred from ,/s) to obtain

. E,
EV2 :/E_ EV17 pV2 - —»7’/2 p’T2
P
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Better attempt:!

» Use collinear approximation for 11 from 71 decay:

El/1 = |ﬁl/1|7 ﬁV1 = (r - 1)57’1

Here, 71 is taken to be the 7 with highest energy?
> Use total missing £ (inferred from ,/s) to obtain

. E,
EV2 :/E_ EV17 pV2 - —»7’/2 p’TQ
P

» For each pairing, (71, Bx) and (72, By), solve for r by imposing:

2 2
(P, + P +pl ) = (P, + Pt + 0" ot

and compute ﬁtotal - ﬁvisible + ﬁul + 51/2

tAdditionally, for candidate Z/h bosons reconstructed from (b) jets, rescale the 4-momenta
of each (b) jet by a common factor such that their invariant mass is exactly Mz,

¥Except in the events with exactly one Z that decays leptonically, in which case 71 in each
pairing is relabeled to be the 7 that is being paired with the leptonically decaying Z.
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Better attempt: Pick a pairing that minimizes |piotal| and plot invariant
mass of (71, Bx) and the reconstructed 14

v/s=1TeV, (P, P.-) = (0,0)
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Better attempt: Pick a pairing that minimizes |piotal| and plot invariant
mass of (71, Bx) and the reconstructed 14
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> Might lose some events where v not actually collinear with 7
» Collinear approximation holds better for larger M, (examples below)
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» Backgrounds seem very small (at least with processes included so far)

» Similar peak reconstructions also possible in all the other signal
regions with 27 (not shown here)
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Signal regions with exactly 17: Reconstruct Z from ete™ /™, h from
bb, and W from jj

> 2e/mu+2j+1r71
>2i+2b+ 17
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Signal regions with exactly 17: Reconstruct Z from ete™ /™, h from
bb, and W from jj

>»2e/mu+2j+17 }YZWru,
>2j+2b+ 17 }y hWru,
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Signal regions with exactly 17: Reconstruct Z from ete™ /™, h from
bb, and W from jj

>»2e/mu+2j+17 }YZWru,
>2j+2b+ 17 }y hWru,

Strategy:
» Similar to the signal regions with 27, except there is only one tau

» No ambiguity in finding the correct pairing: 7 (and its associated
neutrino v) is always paired with Z/h
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» Backgrounds slightly larger than SRs with 27 but still very
sub-dominant

» Since BR(7" — Wu.,) is the largest, we have far better statistics in
these SRs
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For more realistic peak reconstructions, one should also account for ISR

and beamstrahlung

VE=/s

ISR + beamstrahlung
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» Right: Since 6 ~ 1/8 for s > /\/If,, slightly enhanced cross sections

for small M
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Peak reconstruction with ISR and beamstrahlung: Consider, e.g.,
4e/u + 271 signal region

x10~> /s =1 TeV, (P.+, P.-) = (0,0)
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Peak reconstruction with ISR and beamstrahlung: Consider, e.g.,
4e/u + 271 signal region
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» Distributions more spread out but still peak ~ M
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Conclusions:

» Considered an example of weak isosinget vectorlike leptons that are
well-motivated

» Demonstrated that its mass peaks can be reconstructed
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Conclusions:

» Considered an example of weak isosinget vectorlike leptons that are
well-motivated

» Demonstrated that its mass peaks can be reconstructed

» Heights of the mass peaks in various signal regions can in turn give a
handle on the branching ratios
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Conclusions:

» Considered an example of weak isosinget vectorlike leptons that are
well-motivated

» Demonstrated that its mass peaks can be reconstructed

» Heights of the mass peaks in various signal regions can in turn give a
handle on the branching ratios

eTe™ collider may act as a discovery machine for particles with only
electroweak interactions that have limited reach at a hadron collider!
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