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@ Fermionic decay of charged Higgs boson in low mass region in Georgi
Machacek Model.
SG. [arXiv:2205.03896 [hep-ph]]
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The Georgi-Machacek (GM) model

Swagata Ghosh (IIT KGP) 11Sc Bengaluru 9-11 August, 2024 3/25



Extended scalar sector in GM Model

@ The SM Doublet (Y = 1)
) -
o=(G) = o=(i %

@ One Real Triplet (Y = 0) and one Complex Triplet (Y = 2)

et s O gt oyt
E=1&1, x=|{ x* = X=|x & x*
& x° x & X°
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Extended scalar sector in GM Model

VEVs of the neutral fields
o (=% (O=E)=w

viZ 4 8w? =v2 = ﬂ""; ~~ (246 GeV)2

g
2
° = My =1
Ptree = MZE 020y
v

Decomposition of the neutral fields

OR _ ; 10/ OR_ ;. 0/
¢0—>%+¢ \J/%"z) : X0—>V2+X%—, £ — vy + &0

The doublet-triplet mixing angle
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The GM Potential

Potential

V(, X) = L Tr(dTd) + LETr(XTX) 4 Ay [Tr(dT )]
A Tr(STO)Tr(XTX) 4+ AsTr(XTXXTX) + g [Tr(X1X)]
AsTr(OFradr2) Te(XT t2Xtb) — My Tr(dfr2dr2) (UXUT),p

— My Tr(XTt2XtP) (UXUY) 4
where 72 = 0?/2, with o2 being the three Pauli matrices.
L, 010 . 0 —i 0 , 1 0 O
S R U B
X -1 0 1
T\ v
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The GM Potential

Potential at extrema

2 2
V(Vl, V2) = %Vl2 T 3%V22 = )\1V14 aF % (2/\2 = )\5) V12V22

+3 (A3 +3M\g) v* — %M1v12v2 — 6Mavy3

The extremization conditions

(2% + 4X1v1% 4+ 3 (222 — As) vo? — %MI v2) v1 =0,
3#32V2 +3 (2)\2 = /\5) V12V2 +12 ()\3 + 3/\4) V2 = —Ml V1 = 18M2V2 =0.
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The physical fields of GM Model

@ The Quintet
° HSii _ Xii’
o e = ()

5 72
o HD= /30— /1R
@ The Triplet

° H3jE = —sinB¢* + cos B
o HY = —sin3¢% + cos B x7.

(%)
V2 )

@ Two Singlets
o HY = ¢OF,

o HY = /10 + /3"
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Mixing of two singlets

@ Mass eigenstates :
h=cosa HY —sina HY, H=sina HY 4 cosa HY.
, Mai? M122>
o Mass-squared matrix : M? =
ad . (M212 M2
with,
M%l == 8)\1 V12,
M3y = M3, = L[~ My + 4 (20 — Xs) vo] v,
M2, = M”l - 6/\//2V2 +8()3 + 3Aq)V2.

2 M52

o Mixing angle : tan2a = M2 M2
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Masses of the physical states

The quintet mass ms

ms2 = 4%\/12 +12Mo v + 3 X512 + 8A3102

The triplet mass m3

2 _ (M 4 X)) ,2
m3—<4vz+2>v

\

The singlet masses my, i

mpp® =% [an + Mx? F \/(./\/1112 — M222)2 +4 (M122)2]

.
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uartic coupli

2

2 2 o2
mj cos® a+my, sin® a

o\ = 8v2 cos? 3
0 )\, — \/g(mf_,—m%)sin2a—3ﬁvcosﬁMl+12m§sinﬁcosﬁ
2 12v2 cos Bsin B
P m52)73m§ cos? B++/2v cos B cot BMy—3+/2v sin BM>
¢ A3= v2sin? 3
° ) Zm% sin? o¢+2m,2_, cos? a—2m§+6m§ cos? B—3+/2v cos (3 cot BM1+9+/2v sin M,
4 =

6v2sin’ g

v2 vsin 3

o )\5_2mg — ﬁMl
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Theoretical constraints

Combined theoretical constraints on the quartic couplings

o A € (0,7/3) ~ (0,1.05)

@ \p € (—27/3,2m/3) ~ (—2.09,2.09)

4 €

(
(=

o X3 € (—7/2,37/5) ~ (—1.57,1.88)
(—m/5,7/2) ~ (—0.63,1.57)
(=

s € (—87/3,8m/3) ~ (—8.38,8.38)
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Couplings and scaling factors of h/H to f/V

@ htoVV
Bhww = I'Ca/ghzz = *i%@\/gsavz —3cav1),
HV = —f(8\fSaV2 3CaV1).

e HtoVV

. . . @2
igHWW = iCly8Hzz = 16%(8\/§CQV2 + 3sav1),
ki = £ (8V3cava +3sav1)

e htoff
_ — mf Co
ghf_ VC[;’
kh =2
f— wno
e Hto ff
_ mf so
EHfr Ve
H_ v
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Relevant couplings for h/H — ~y

° —ith;H; = —i(64A1ca v?/;a - % v}/;& o(A3+3X3) — % "2‘/’\2”1 (Savo —

V2
V3cavi) — %V—asa(wz +28) = b (As — 4Xa) + 2v3Mo s, —
B (sav — V3caw))

v2 vi

O —igypsp = —i(64M15a 25 + fvlv? Ca(A3 4 30) + \4["2‘/'\2”1(cav2+
V3sav1) + 13 ;gca(6A2+A5)+sa (4>\2—>\5)—2\sz Y ot
5252 (cavt + V3san2))

° _’th;rHs— = _ith5++H5__ =
*’(*8\/5()\3 + )\4)5av2 + (4)\2 + )\S)Cavl - 2\/§M25a)
® —I8HHfH; = T i8upitH T

—i(8v3(A3 4+ Aa)cava + (4X2 + As)sav1 + 2v3Macy)
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Scaling factor for h/H — ~~

@ Loop function :

e SM: Fl(Tw) + NCQ%F%(Tf)

o GM : ky"Fi(tw) + kf TN QEFs (16) + 3, BEH Q2 Fo(7s)

with, Qr = Charge of the fermion f,
ﬁg’H = gh(,_,)ss/2m§, ms = mass of charged scalar s.

@ Loop factors

o Fi(r)=2437+37(2—71)f(7)

o Fi(r)= =271+ (1 —7)f(7)]

o Fo(r) = 7[1 — 7£(r)]

where, f(7) = [sinl (ﬁ)rfor r>1

f(r)y=—3 [Iog (H\/\/E I7T>]2f01' T<1

o7 = 4m,2/mh(H)
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Vertices involving a charged scalar and two fermions

Hiud : - i V2 Vg tan B (22 Py — M4 Pg)

© Hydu:-iv2V;, tanp(%ePr— T2P;)
o HiDl:iv2tanpB 2Py
o Hylv:iv2tanB 2P,

Here V,q is the CKM matrix element and Pr = % are the projection

operators.
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Theoretical constraints and LHC data
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Figure: Allowed parameter space in the m3 — vo, ms — vo, my —vo, vo — M1, vo — Mp, sina— v»
plane from theoretical constraints and LHC data at /s = 13 TeV.
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ibution of charged Higgs in the h — ~ loop

v, (GeV)

sin o

Figure: The v» — sin & parameter space. Blue points : forbidden by LHC Higgs signal strength
at /s = 13 TeV, with and without considering the charged Higgs contributions in the h — v

loop. Red points : forbidden by the contribution of charged Higgs in the h — ~~ loop. Violet
points : allowed by the LHC Higgs signal strength data. Dark-Green points : allowed by the

theoretical and LHC Higgs signal strength data at /s = 13 TeV after considering the charged
Higgs contributions in the h — v loop.
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Branching ratios

V,=20GeV —— BR(Hy" cs)
Vo= 15GeV —— — |
351 V,=10GeV —=— | BR(H - 7v)
3 4 01
%\’i 25 4 BR(H;" > cd)
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Figure: Branching ratio of t — H;'b for v» = 10, 15, 20 GeV (left), and H-f for vo, = 10 GeV
(right) as a function of mz (GeV). We choose my = 200 GeV, ms = 80 GeV, sina =-0.2,
M; = My = 100 GeV for the plots.
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Cross-sec. times Branching ratios
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The m3 — v, plot
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Flgure The m3 — vo parameter space. All points are allowed from theoretical constramts as
well as LHC data at /s = 13 TeV. The gray points are excluded from all the H — ¢s, Tv data
of CMS and ATLAS experiments. The blue points are excluded by Hi — 7v ATLAS, H — cs
CMS as well as ATLAS data. The red points are excluded by H;‘L — c¢s, 7v ATLAS data. The
violet points are excluded by H3:t — 7v ATLAS data. The green points are allowed by all the
HE — cs,7v CMS and ATLAS data.
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The m3 — v, plot
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Figure: The m3 — v, plane. The green points are allowed by theoretical constraints and LHC
data. The solid line corresponds to the data obtained from the HT — 7 decay observed by
ATLAS while fixing my = 200 GeV, ms = 80 GeV, sina = -0.2, M; = M, = 100 GeV in the
GM model.
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Allowed parameter space
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Figure: Allowed parameter space in the m3 — vo, ms —vo, my —vo, vo — My, vo — Mp, sina— v»
plane. Red points are allowed by theoretical constraints and LHC data at /s = 13 TeV. Blue
points are allowed also by all the HE — ff’ data.
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Conclusions

@ The most stringent bound on the triplet vev is coming from the decay
of the low mass charged Higgs to 7 observed by ATLAS.

@ Simultaneous adoption of the theoretical constraints, LHC data and
the observed data also curb the parameter space of the GM model.
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