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Premise

Purpose of talk:
» Show how to find TWO Higgs bosons in the early LHC
» 2HDM = Simplified Model for spin-0 resonances
» Higgs — heavier = Higgs sector — more strongly coupled

» Handle on signals of Strong EWSB!

Topology of interest? 7

W+
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Fermion Masses in Strong EWSB

Fermion masses in Strong EWSB by (VW°) ~ Hgy
c v

d—1
L3 57QV) e (5 ) Q= mepar
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Fermion Masses in Strong EWSB

Fermion masses in Strong EWSB by (VW°) ~ Hgy

c v \d-1
L3 57QV) e (5 ) Q= mepar
(VW) ~ vd

Discrete Symmetries = (WW°) decomposes

= new BSM spin-0 resonances
produced through GGF

...alot like a 2HDM
2HDM can mimic low-lying strong scalars

Electroweak Precision Data?
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Two Higgs Doublet Model: Introduction
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m& , and Xy 234 — V, My, My, ma and angles « and 3

H*, H= and A € SU(2)¢ triplet = Same mass

(b-quark neglected; 2HDM Type | or Type Il)
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Two Higgs Doublet Model: Final States

Resonances: h°, H% and A = (A* A® A™)
(Note: A/~ WW,ZZby CP  and h° # hgy)
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Two Higgs Doublet Model: Final States

Resonances: h°, H% and A = (A* A® A™)
(Note: A/~ WW,ZZby CP and  h® # hgy)

New resonances can be composite or elementary particles

Final States: LOTS of these!

(O oWrw-
2z ; W+ w-
tt - _ zz
H° — bb/rtr AY — bb/r+ h — tt
A7) WF A+ wrw 2 bb/rtr
W+ W-Ho wz/Hz A7 | AEWF
HORO
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Two Higgs Doublet Model: Final States

Resonances: h°, H% and A = (A* A® A™)
(Note: A/~ WW,ZZby CP  and h° # hgy)

New resonances can be composite or elementary particles

Final States: LOTS of these!
( W+ W-—
w+w-

New states — massive gauge bosons, heavy quarks and each other!

Signals not being looked for!
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Higgs at Early LHC

Signals for Early LHC?

> My < 2my
> Map > Mp+ My
> mp > 2my
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Higgs at Early LHC

Signals for Early LHC? my = 330 GeV
mp = 200 GeV
> My < 2my 1 ToV
my = e
> ma>mp+mz = WHW-Zat7TeVLHC | "
> mp > 2my sina =1
h tang = 1
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Higgs at Early LHC

Signals for Early LHC? my = 330 GeV
mp = 200 GeV
> My < 2m; — 1 TeV
> May>mp+mzy = WHrW-Zat7 TeV LHC ,mH n ©
. My > 2muy sina = 1
h tang = 1
4 0
> o(pp—A”) ~ 2.6 pb
Al » BR(A’—-h0Z)~0.92
_ — W—
ho » BR(WO—W*W~)~0.74

W* » o(pp— WWZ)~1.75 pb
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Early LHC Signal: 4 leptons + E 1

Backgrounds: WWZ+jets, ttZ+jets and W.Z+jets
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Early LHC Signal: 4 leptons + E 1

Backgrounds: WWZ+jets, ttZ+jets and W.Z+jets

Cut Signal Background
4 Leptons 2.20 fb 0.067 fb

Cuts: Need > 4e/p with ne < 2.4, 1, < 2.1, pre, > 8 GeV
either one e with p; ¢ > 20 GeV or p with py,, > 15 GeV

Simple Search!!! 3 fb~! of data, 6-7 signal events to no background
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Early LHC Signal: 3 leptons + 2 jets: Cuts

| Process [ C1 | C2 | C3 | C4 [ C5 [ C6 |
Z+ jets 297? 297 277 297? 297? 2?7
WZ+ jets 5.53 4.96 4.69 3.56 1.03 0.241
ttz+ jets || 0.718 | 0.669 | 0.519 | 0.366 | 0.223 | 0.037
WWZ+ jets || 0.129 | 0.114 | 0.107 | 0.084 | 0.062 | 0.008
Wtt+ jets || 0.347 | 0.339 | 0.036 | 0.015 | 0.003 | 0.002
Total 6.72 6.08 5.25 4.04 1.35 0.288
Signal 12.4 10.8 9.29 6.79 412 3.05

All cross-sections in units of fb

C1: >3e/u (ne < 2.4, 1, < 2.1, pr; > 8 GeV)

> 2jets (n; < 2.5, pr,j > 30 GeV)

either one e with p; e > 20 GeV or p with p;,,, > 15 GeV
C2: Fr > 20 GeV

C3: Reconstruct leptonic Z (|my — mz| < 7 GeV)

C4: Force hardest remaining lepton + £ to make W (2 solutions)
C5: Reconstruct hadronic W (|m; — mw| < 25 GeV)
C6: muywz < 2Migp
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Signal 12.4 10.8 9.29 6.79 412 3.05

All cross-sections in units of fb

C1: >3e/u (ne < 2.4, 1, < 2.1, pr; > 8 GeV)
> 2jets (n; < 2.5, pr,j > 30 GeV)
either one e with p; e > 20 GeV or p with p;,,, > 15 GeV
C2: Fr > 20 GeV
C3: Reconstruct leptonic Z (|my — mz| < 7 GeV)
C4: Force hardest remaining lepton + £ to make W (2 solutions)
C5: Reconstruct hadronic W (|m; — mw| < 25 GeV)
C6: mwwz < 2Migp

Z+jets: C1 ~1073,C2 ~ 1072,C3,C4 ~1,C5~ 10~',C6 ~ 10~ = 107
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Early LHC Signal: 3 leptons + 2 jets: Results

#of events (3 fb™)

o | e L L L
240 260 280 300 320 340 360 0
Myyz (GeV)

15 signal to 2 background at 5 fo~! = very promising!
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Early LHC Signal: 3 leptons + 2 jets: Results

#of events (3 fb™)

15 signal to 2 background at 5 fo~! = very promising!
Possibly TWO Higgs bosons at early LHC!!!

Needs a full experimental analysis!

Evans (UCD) WWZ at LHC April 14, 2011

9/11



Other Interesting Signals

» g9 — A® — Zh® — Zbb (enhanced signal for boosted Higgs)
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Other Interesting Signals

» g9 — A® — Zh® — Zbb (enhanced signal for boosted Higgs)
> g9/ WHW~ — h0/H® — ZA® — Ztt/Zbb

> gg/WHW- — hO/H® — WA — W—th

> gg/WH W~ — HO — HORO

> gg/W+W~ — HO — ZA® — ZZh° — ZZbb

> gg/WHW— = HO — WA~ — WHW-H — WHW-W+W-
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Other Interesting Signals

» g9 — A® — Zh® — Zbb (enhanced signal for boosted Higgs)
> g9/ WHW~ — h0/H® — ZA® — Ztt/Zbb

> gg/WHW- — hO/H® — WA — W—th

> gg/WH W~ — HO — HORO

> gg/WHW— — HO — ZA° — ZZK® — ZZbb

> g9/ WTW— — HO — WHA~ — WTW-h0 — WrW-W+W-

> ...
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Conclusion

» 2HDM yields interesting BSM signals observable at the LHC
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Conclusion

v

2HDM yields interesting BSM signals observable at the LHC

» 2HDM = simplified model for strong(er) EWSB

v

Evidence or discovery of two Higgs bosons in early LHC data

Masses can be reconstructed!

v

v

Other exciting signals exist to be explored!
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