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Introduction

SEVENTH INTERMATIONMAL WORKSHOP

Why charged Higgs: CDf\jgarged 20'8

Charged Higgs searches up to now:

Fermiophilic:

- Production via tbH T+ coupling, decays to fermions

- Production in decays of heavier Higgs (2HDM H/A — HTW ™)
(proposed)

Fermiophobic:
- VBF production of H*, decays to W*Z

This talk:
- Loop-induced decay HE — W~
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Loop calculations for HT — Wt~

2HDM/MSSM: Arhrib, Benbrik & Chabab, hep-ph/0607182
Stealth Doublet model: Enberg, Rathsman & Wouda, 1311.4367
Aligned 2HDM: llisie & Pich, 1405.6639

Georgi-Machacek model: Degrande, Hartling & HEL, 1708.08753

\%4 / Vv
fl 51 e Xl
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Most interesting when H* is fermiophobic and light (< My 4+My)
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One-loop effective vertex
2 form factors: S (scalar) and S (pseudoscalar)

M = THe*(k)e)* (q), M = (g"k-q—kFg")S + ie"*PkaqgS

In a CP-conserving theory:
S: from fermion, scalar, gauge, & mixed gauge/scalar loops

S: only from fermion loop Fermiophobic H* = 5§ =0
Decay width:
m3 + m2 3 ~
FHT > why) =15 11— V0 (1512 4+ |52,
32 meoy

Experimentally, we'll look for W — /4v.

= Information about W polarization in angular distribution of ¢
relative to ~
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One-loop effective vertex & kinematic shapes

2 form factors: S (scalar) and S (pseudoscalar)
M =T (k) (@), M = (g"k-q—k'q")S+ i PhaqsS

Differential distribution:
IM|? o THYITPT*er*e) Tr(p vo PLp, )

2
= {80 (18P +15P

—4(pg - @) (my —miy) |ISI” + |5 — 2Re(55%)]
+(m3 4 —m)? IS + 15 — 2Re(S59) |}

Py -4
(miﬁ_ — m%/)/Q

K e [0, 1]

Define r

»n| U

IM|? x 2K? [1 + |rﬂ + (-2K + 1) {1 + |r|? — 2Re(r)]

Parabola in K « py-q, shape depends on r
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One-loop effective vertex & kinematic shapes
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Concrete implementation: Georgi-Machacek model

Georgi & Machacek 1985; Chanowitz & Golden 1985
SM Higgs (bi-)doublet + triplets (1,0) + (1,1) in a bi-triplet:

O + ++
() e 8
—¢7" ¢ HHe et 0

Global SU(2),xSU(2)r — custodial symmetry (x0) = (£9) = v,
(ensures p=1)

Most general scalar potential invariant under SU(2);,xSU(2)p:

2 2
V(d, X) = %Tr(CDTCD) —I—%Tr(XTX) 1+ A [Tr(®Td)]?

F A Tr(DTD)Tr(XTX) + A3 Tr(XTXXTX)
HFA4[Tr(XTX)]? = AsTr(DI %) Tr(X Tt X tP)
— M Tr(e e (UXUT),, — MoTr( XXt (U XU,
O parameters, 2 fixed by Ggp and m; — 7 free parameters. Aoki & Kanemura, 0712.4053
Chiang & Yagyu, 1211.2658; Chiang, Kuo & Yagyu, 1307.7526
Hartling, Kumar & HEL, 1404.2640
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Concrete implementation: Georgi-Machacek model
Georgi & Machacek 1985; Chanowitz & Golden 1985

SM Higgs (bi-)doublet 4 triplets (1,0) 4+ (1,1) in a bi-triplet:

0« g+ A
_ [ % ot _ _X . ého X 1
P = _¢—|—>|< ¢O X = X € X
Xt et X0
Global SU(2);,xSU(2)r — custodial symmetry (x%) = (¢0) = v,

Physical spectrum:
Bi-doublet: 2®2 -1 3 Bi-triplet: 3 3 —-—1@&3dH5

- Two custodial singlets mix — k0, HO m;, my, angle a
Usually identify h° = h(125)

- Two custodial triplets mix — (H;',Hg,Hg) m3 + Goldstones
Phenomenology very similar to H*, A% in 2HDM Type I, tan 8 — cotfy

- Custodial fiveplet (HZ T, HS, HQ, Hy , Hs ) ms
Fermiophobic! HsVV couplings « s = \/8vy/vgm
2 — ; ; 2 2
st = exotic fraction of M, Mz
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HF — Wty in Georgi-Machacek model
Degrande, Hartling & HEL, 1708.08753

Competing decay: Hy — WTZ coupling o sp.

So the most interesting model parameters are msg, sy, and Mo.
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Choice of benchmark

9 Lagrangian parameters: u3, u3, A1, A2, A3, Mg, As, M1, Mo
Can re-express as: Gg, my, myg, m3, ms, sg, Sina, My, M>
- Fix G and my = 125 GeV

- Keep msg, s, and Mo as variable parameters

- Fix the remaining 4 parameters as follows:

m% = m% + m? dm? = (300 GeV)?
m%{ = m% + %&mz + KJH’UQSIQ-_I kg = —msg/(100 GeV)
M, = sy [\/TE (m%—l—%5m2> —|—3M23H—|—/<.:)\3v3% Ky = —/1%,/10
Sina = KkaSy ka = —0.15 — mg/(1000 GeV)

Sufficient for this study: fully populates low mg and sy < 0.3.
(Consistency with indirect & hios constraints not checked yet.)
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Computational tools

Loop-induced decays for GM model calculated in Degrande, Hartling
& HEL, 1708.08753 and implemented in GMCALC 1.3.0 (uses Loop-
Tools)

FeynRules implementation + UFO model file updated to include
loop-induced scalar-gauge-gauge vertices in EFT approach
(gg, vv, Z~ for all neutral scalars, W+~ for all singly-charged)

GMCALC 1.4.0: dedicated update to generate param_card.dat
file including effective couplings for new EFT vertices
(also speed improvement for H; — V*V;*, minor bug fixes)

Our simulation: MadGraph5 (LO) — Pythia — Delphes
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Hg production and decays

/ / /
/ / /
s H s HE s H
Zly W= / W=+ /
\ \ \
\Hy \HY HE
\ \ \
\ \ \
Drell-Yan cross sections depend only on gauge couplings, ms
- 1.0
- s =14 TeV I8
K +1 40 10_ E
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LO QCD using MadGraph5, NNPDF23 M> = 40 GeV
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Results

(o x BR)Fiducial = €1y 1y00 (0p — Hg HZ)BR(Hg — £+v7)

+ eH?)EHg::FU(pp — H5iH5$$)BR(H;E — 4Fuy)

+ eH;Hga(pp — HJ Hy) [QBR(Hgt — (Fuy) - BR(HE — eimﬂ
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—9° 100 120 140 160 180 200  —° 100 120 140 160 180 200
m; [GeV] ms; [GeV]

Red: Expected 95%CL exclusion with 300 fb—1 at 14 TeV LHC
Note cancellation between scalar and gauge diagrams at sy /M ~ 1072/GeV

Blue: Existing 95%CL exclusion from diphoton resonance search
ATLAS 1407.6583, 20.3 fb—1 at 8 TeV

recast to constrain pp — H2HZ (LO), HQ — ~~.
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Conclusions

H* — W=~ is an interesting search channel for fermiophobic H*
with mass below W Z threshold

LHC prospects are good: use distinctive py - g distribution.
- Exclude msg < 130 GeV for almost all sz values with 300 fb—1
- Exclude mg up to 200 GeV and beyond for very small sg

Georgi-Machacek model implementation with EFT vertices for
loop-induced couplings now available as UFO file for MadGraphb5
(LO QCD); param_card.dat generated by GMCALC 1.4.0

Strong competition from H® — ~~, but only when H* and HP°
have the same mass (as is the case in GM model)
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BACKUP SLIDES
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Optimized cuts for mg = 150 GeV

72 GeV < MET <220 GeV

260 GeV < Hp < 620 GeV

100 GeV < pr(£+~+ MET) < 420 GeV

3300 GeV? < py-q < 8200 GeV?

Signal and background cross sections before and after cuts:

Process HEH? HEHIT HIH; | thy WHy Wy Wiw—H wiw gy wizy
oxBR [fb] (before cuts) | 57.29 38.19 19.07 | 856 23000 30 120 65 25
e x oxBR [fb] (after cuts) | 4.21 1.01 0.95 0.49 0.09 0.05 0.38 0.28 0.05
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Expected upper limit on fiducial cross section
(o x BR)Fiducial = €1y 1y00 (0p — Hg HZ)BR(Hg — £+v7)
+ eHggH;::Fa(pp — H5iH5$$)BR(H;E — 4Fuy)

+ eHgLHga(pp — HJ Hy) [QBR(Hgt — (Fuy) - BR(HE — eimﬂ

0.8
07; pp— H; X — Fy + X
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H& — Wt~ branching ratio

M,[GeV]

mg = 100 GeV mg = 150 GeV
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HQ — ~~ branching ratio
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