Vectorlilke le F.'Ec;) NS
ab fubture pp colliders

Prudhvi Bka&&iprc} Lu

Northerin Illinois Umévars&j

CSnowmass EF09 Meeting
June 26k, 2020

Based ol work with Steve Martin,
arXiv: hépwph/ 1908.0049%



Inkroducktion
Motivakions:

o New (4t gen.) chiral leptons not allowed
Many BSM models require vectorlike L@.p&)ms
Obeys , for higher masses

kaj not vectorlike i.e[z?&wms?

Q O Q

As 2-component LH fermions, transform under SU(3)e x SURM x U(1)y as:

minimal VLL models

See P.N.B, 5.P. Martin (1905,0049%)
for non-minimal models

L+ L=1(2,2 -172) + (1, 2, +1/2) Doublet VILL

E+E=(1,1,-1)+ (2,1, +1)

NG prosya{:&s for exduswn/c&&saovmv
for any pp collider options considered!

Cownsidered the prospe&s for exduswm/discaver:j of VLLs ak:

o HL-LHC: Vs = 14 TeV with 3 ab-2
o HE-LHC: Vs = 27 TeV with 15 ab-?
o FCC-hh or SppC: Vs = 100 TeV with 30 ab-?



Branching Ratios

Assume decays to SM by mass mixing of 7 and(7)in both models,

yv 0
ev M.

"*Assume Small, and need 2 1077 for prompt 7° decays
Doublet VLL Singlet VLL
—— BR(T' = Z7)
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Also, BR(' — W1) = 1, for Doublet VLL



Production cross-sections (at LO)

VS = 27 Tev much larger in Doublet VLL
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Signal aamponem&s and Backqgrounds

The final states for the Doublek VLL: pp — 7't - ZZr, hhzt, Zhtt
pp — TV — ZWrr, hWrr

pp = vV — WWrr

The final states for the Singlet VLL: pp — 77" = ZZrr, hhrr, Zhtt
/Wt + Eyrfliss, Wt + E;niss

WW + Emiss

WZ,ZZ, ttZ, ttW, hW, hZ, tth, WWW,WWZ, ZZW, and ZZZ
contributing to multi-lepton final states.

Signal and background events were generated (at LO) by:

FeynRules -> Mad&raphﬁ' - ‘Pv%kmﬁ’ - "Dei.pk@.s



Resulks for HE-LHC collider (Doublet VLL)

Median expea&ed significances for:

Exclusion ‘Discmverfj

Vs =27 TeV, £ =15ab- 1, &0=1500 GeV (Ap/b = 0.1)

= 2e/u+2T

> 2e/u+2Tt(no2)

2e/lu+ = 1T1(SS)

2 e/u+ = 1T1(SS) (EMss>150)
=>3e/u+lrt

> 3e/u+1Tt(no?2)

Vs =27 TeV, £ = 15 ab =L )= 1500 GeV (Ap/b = 0.1)

| T e——

= 2elu+2T

= 2e/u+2Tt(hoZ)

2e/lu+ = 1t1(SS)
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Mass measurementks
1 Doublet VLL discovered,

Background .

CQuULTE - pam < 10
1 M= 1000 GeV fE ﬂu' ¥ ‘M“@- AT sz»‘
= IERPCY AN - GeV and Ly > 1500 GeV

1 My= 1500 GeV
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Distributions for M . ., or M+ - for different M, peaw’ed below Eheir
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Conclusion

® Doublet VLL: Excellent reach prospects for 95% CL exclusion or 8o diﬁs«cmvawjﬂ

ASSMMEMS JAY b/ e — 0.1 ; (Present LHC bounds: CMS search in 1905,10%53 excludes 120 GeV < M, < 790 GeV.)

Collider Exclusion reach Discovery reach
14 TeV HL-LHC, 3 ab-t 1260 GreV 900 CreV
27 TeV HE-LHC, 18 ab-t 2300 Crey 1700 CGreV
100 TeV pp collider, 30 ab- £760 CreV 4000 CGrey

o Singlet VLL: No exclusion/discovery reach for isosinglet charqged leptons for
any pp collider opﬁmms or mu&imtepéom signal regions considered.

ere- colliders should b@. able bto see Ehem e.o\sii;v!






BACKUT SLIDES



Signal Reqgions and Lt event distributions

SimPL@. cub-and-counk amalvsis based on bthe kinemalic variable:
Ly = Z Pr
r=e,u,t
Consider the following signal regions:

@ 2 same-sigh e/ + 2 @ 23e/m + 17, no-4
® 2 same-sign e/m + Z 17 with miss E1> 180 GeV 0 22e/pm + 27
® Z3e/m + 17 @ Z22e/pm + 27, no-4
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Median expected significancest

Lek,
o s: mean of Poisson distributed signal evenks

o b: mean of Poisson distributed background events
@ A, variance (or “umcerhm&v”) in the background events

The median expected significance for discovery (where the null kzFOEhesis Ls
background only, and the signal is assumed to be present in the aka):
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For S0 cii,saaver'j, require Zdisc > §
Similar formula for median expected significance for exclusion (Zexc)

For 96% CL exclusiown, require Zexc 7 1,646

tFor wmore details about median ex[pec:&ed significances, see e.q. Cowain, Cranmer, Gross, Vitelis (1007.1727),
N. Kumar, S.P. Martin 181003486



