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e Many BSM predict heavy Higgs particles decaying to

heavy quarks or bosons

e 2HDM, MSSM...

e ATLAS and CMS have some researches on heavy Higgs

boson
e gluon-gluon fusion (ggF)

e \ector-boson fusion (VBF)

e Associated production with vector boson (VH)
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Introduction

e H— Z7 — 4¢ research in ATLAS.
Eur.Phys.J.C 78 (2018) 4, 293
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Interactions

* Multiple Higgs field: one SM-like light Higgs (h) and one generic neutral heavy Higgs (H)

e A generic heavy Higgs: generic means model-independent, has both dim-4 and effective dim-6 interactions
with SM particles.

e The dim-6 operators significantly enhance the Higgs momentum

* Only consider these four dim-6 operators, since we just consider the coupling between heavy Higgs and
vector bosons(W/Z) and the rest is constrained by electroweak precision data or not relevant for the heavy

Higgs.
dim-4 operator Lagrangian dim-6 effective operator Lagrangian
ngv%/—w = ppgmw hWHW,, Eg_%v = Z %On, A =5TeV

LY = oW gy
hzZz ph200329w H

5;%,”, = pggmw 2fA2 (W+ W~ HO"H + h.c.)
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£ = prgmw HWFW, fow
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HZZ — PH2 20 H 2 2
COS~UWw L(G) _ m C fW"‘S fBZ A2
_dw o iz = PRIy
2,0 T2
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v, and vg: VEVs | g, and gg: gauge couplings s = sinfy, c= cosOy
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Interactions

fW, fww’ fB, fBB , Py s Py, are the relevant parameters. fB and fBB are set to 0 to neglect

terms of O(s?) and O(s%)

Take p,=1 and p,=0.05 as benchmark value, fixed. Since the mass of gauge boson should
be equal to SM mass

Vh VH
ph— +pg— +...=1
1% 1%

Only my, f,,,and f,,,, are free parameters

Then the operators in slide 4 become:

Jw
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Physics process

e The associated VH(V=W/Z) production is considered, the V/H is boosted due to dim-6
operators.

e Assume that Yukawa coupling between heavy Higgs and fermions is very small, so it can
escape the direct production in gluon-fusion channel

» \/ector boson fusion(VBF) is NOT considered because of accompanied by large background

o Some traditional variables e.g. Anjj become more background-like due to dim-6

operators.
. Dilepton fw=1000, fWW=1000
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Physics process

e Three final states are interested

e SS-dilepton: 2 same-sign lepton final state with two neutrinos from WWW, e.g. p p
>W+H, W+ >1+vl,H> I+ vljj

 OS-dilepton: 2 opposite-sign lepton final state without neutrino, e.g.pp>Z H,Z >
l+1-, H>jjjj

* Trilepton: 3 lepton final state with one neutrino,e.g.pp>ZH,Z>I+1-,H> I+ vlj]

* We don’t study zero-lepton and one-lepton final state, because they are accompanied by
large bkg. and the signal significance is very low

OS-dilepton SS-dilepton ‘ Trilepton



Signal regions: SS-dilepton

e SS-dilepton region:

1. V()H —> liyli + Vl(lil/li)V2(jet)

region (1) region (2)

+ + :
2. Vo = v + V(ITv)2) V,(fatjet) my; > 300 GeV, ptt > 100 GeV,
p'! > 300 GeV, p'? > 50 GeV,
Agye > 2.0, ETISS > 100 GeV,
no b-tagged jets

3. V()H —> liyli + Vl(lil/li)V2(jet + jet)

pl! > 400 GeV pJ > 100 GeV,
) /7] <06

region (3)

mee > 400 GeV, pf* > 100 GeV,
py' > 450 GeV, p%? > 50 GeV,
Agee > 1.6, EMISS > 100 GeV

= large-R jet (fatjet)
=» small-R jet




Signal regions: OS-dilepton

e OS-dilepton region:

region (1) region (2)
1. V,H — 71" + V,(subjet of leading fatjet) V,(subjet of leading fatjet) 80 GeV < my < 100 GeV
p4t > 950 GeV, p4 > 550 GeV,
2. VoH — 1717 4+ V,(jet) V5 (jet + jet) pl > 750 Gev, pil > 300 GeV,
Nsi =2, 70 GeV <mj, <150 GeV,
. - . . 70 GeV < mgj, , < 150 GeV, oJ' /]! < 0.40,
3. Vol — jet + Vi(I71")Vy(jet + jet) )/t <0.45 70 GeV <mj,, < 110 GeV,
pl® > 150 Gev,
4. VOH — jet + Vl(l_l+)V2(jet) AR(j1, j23) < AR(EL, jr),

AR(j1, j23) < AR(€L, j23),
py % > 550 Gev

region (3) region (4)

80 GeV < my, < 100 GeV, p%‘ > 300 GeV,
p7' > 700 GeV, 70 GeV < mj, < 150 GeV

o' /]! < 0.60, o)/t <0.52,
75 GeV <mj,, < 115 GeV, pl? > 250 GeV,
p7? > 50 GeV, 70 GeV <mj, <150 GeV,
AR(LL, j3) < AR(jq, £0), 2/t <0.52,
AR(LL, j23) < AR(j1, j23) AR(LL, j2) < AR(j1,£0),
pH3 5 700 Gev AR(CL, j5) < AR(j1, j2),

pt72 = 700 Gev




Signal regions: Trilepton

e Trilepton region: region (1) region (4)
pYy’ > 600 GeV pf’ > 600 GeV
+ +7— :
1. VoH = Fve + V() Vo(jet) 80 GeV < my, < 100 GeV,
60 GeV <m;, <160 GeV, 7' /i <0.60
2. VoH = I*vp + V,(IT17)V,(fatjet) AR(EE, ji) < AR(Ev, €0), AR(Ev, j1) < AR(EL, 0v),
AR(LE, j1) < AR(tv, jy), AR(EY, j1) < AR(EL, jy),
_ : : {41 600 GeV YT S 600 GeV
3. VoH — Fvp + V(1T V(jet + jet) pT. —o pT' iy
region (2) region (5)
— . tv ee
4. VOH — [T + Vl(lil/li)VZ(]et) p7’ > 600 GeV pr > 600 GeV

80 GeV < my; < 100 GeV,
70 GeV <m; < 140 GeV, 73 /7] <0.50

5. V()H - l+l_ + Vl(lil/li)V2(fatjet)

AR, J) < AR(Lv, L), AR(v, |J) < AR(€L, tv),
AR, J) < AR(Lv, ]), AR(v, J) < AR, ]),
+7— * : :
region (3) region (6)
- +
I'n 4V ! l P > 600 GeV Pt > 600 GeV

80 GeV < my; < 100 GeV,
60 GeV < m;,, <120 GeV

AR(LL, j13) < AR(Cv, £6), AR(Ev, j13) < AR(LL, £v),
AR(€L, j12) < AR(Lv, j12), AR(Lv, j12) < AR(LY, j12),
pitz 5 600 Gev pi’ 12 - 600 GeVv

I I




Distributions and Yields

* Distributions and yields with phenomenology study with signal point
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95% Confidence Level Exclusion

1%

« Take p, = 1 and py = 0.05 as benchmark value.

v
« Ihe mass of gauge boson is equal to SM mass: ph—h + pH—H +...=
v

1

e Get confidence level (CL) of each parameter point by “template” fits with a large quantity of toy

experiments.
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* Two and three lepton final states are considered

* SM background can be suppressed by appling of boosted boson
jets

* \We focus on dim-6 operator effect and the dim-4 effect is small

* A big part of parameter space which is among unitarity bound
can be excluded

* This part of phase space is waiting for discovery
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