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e Its discovery verifies well established SM theory.

e Central piece of SM.
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Motivation for Singlet Extension of SM

e One of the simplest extension
of SM is by adding real scalar
singlet.
e After EWSB, singlet mixes
with SM Higgs as a result, shape
of potential as well as Higgs
coupling to SM particles are
changed.
e New decay signature is
observed: hy, — hihy

h

hy
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Motivation for Singlet Extension of SM

e One of the simplest extension
of SM is by adding real scalar
singlet. .
o After EWSB, singlet mixes Fgrther pot(.ant|al shape and )
with SM Higgs as a result, shape ngg_s cou.pllng are aIt.ered with
of potential as well as Higgs the |nc|u.5|on of effective
coupling to SM particles are Lagrangian.

changed.

e New decay signature is
observed: hy, — hihy

Further extention of SM

e The effective Lagrangian
approach is a model-independent
way to describe new physics

h (NP) at cut-off scale (A).
e Effective Lagrangian has higher
’ dimension operator suppressed by
hy ------ <
some power of A.
: s
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e The model contains SM and new physics(NP) Lagrangian.
L=Lsy+ L (1)

e L% is NP Lagrangian up to dim 5 built from (S) and SM fields.
° L‘5§5 can be split as scalar interaction up to dim 4 and effective
interaction(£g) of dim 5.
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e The model contains SM and new physics(NP) Lagrangian.
L=Lsy+ L (1)

e L% is NP Lagrangian up to dim 5 built from (S) and SM fields.
° ESS5 can be split as scalar interaction up to dim 4 and effective
interaction(£g) of dim 5.

Effective Lagrangian

[M. Bauer, A. Butter, J. Gonzalez-Fraile, T. Plehn, and M. Rauch,Phys. Rev., vol. D95, no. 5, p. 055011, 2017]
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Procedure to Compute Decay Width

e With our model, we start with scattering amplitude of Higgs (h;)
to SM particle.

M= Mgy + (3)

e The squared amplitude is

| M P=| Msy 2+ 21 2Re(] Msp | )
1 1 1 (4)

e The decay width has contribution from all three terms.
e We take SM and interference term only and see how branching
ratios (BR) of Higgs are effected.
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Result: BR of Higgs to vy and WW*
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Higgs (h1) to Higgs (h1) to WW*
e BR down by approximately e BR down by approximately
40-50% compared to SM. 5-7% compared to SM.

e BR is more sensitive to fyy in hy — 7y compared to
hy — WW*
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Higgs (h1) to Higgs (h1) to WW*
e BR down by approximately e BR down by approximately
40-50% compared to SM. 5-7% compared to SM.

e BR is more sensitive to fyy in hy — 7y compared to
h1 — WW*
[S. Dawson and |. M. Lewis, Phys. Rev., vol. D95, no. 1, p. 015004,
2017]
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BR of Higgs to bb and 7+ 7~
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Higgs to bb Higgs to 777~
e BR increases by approximately e BR increases by approximately
10-15% compared to SM. 65-80% compared to SM.

e BR is more sensitive to effective fermionic coupling coefficient in
hi — 777~ compared to hy — bb
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Variation of Higgs total width with f; and fg¢
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e With increase in fy and fgg, the total width also increases.
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Constraints from Higgs Measurements (1/s=7 and 8 TeV)

[arxiv:1606.02266]

e The observed signal strength for Higgs production from gluon
fusion is:

HggF = 1.03E§14 (5)

e The signal strength for Higgs decaying to final states are:
P = 11415
pé% =1292%;
p" =1.001% (6)
p = 1113322
pbh = 0.70-%%,
e The observed signal strengths will put bounds on mixing angle

and effective coupling coefficients.
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Limits on Mixing angle and fg¢

95% CL limit, A=2TeV

e igr

95% CL limit, A=2TeV

95% CL allowed region of sin and fgg
Red is allowed region by a fit to yizeF and black to p"

[S. Dawson and |. M. Lewis, Phys. Rev., vol. D95, no. 1, p.
015004, 2017]
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Limits on Effective Coupling Coefficient (fgg and fyw)

95% CL limit, A=2TeV, cosf=0.94 95% CL limit, A=2TeV, cos=0.917

—0.05 0.00 . 0. —0.05 0.00
fww fww

95% CL allowed region of fgg and fiywy

=Red is allowed region by a fit to jz,r and black to wi.
=With increase in mixing angle, the black region shrink.
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Conclusion

e Adding real scalar singlet and dimension 5 operator into SM, we
found Higgs physics deviated from SM sector.

e Using fit to observed signal strengths, we found the allowed
regions of scalar mixing angle and effective coupling coefficients.
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Higgs to Z~v and ZZ*

A=2TeV, f,=0.0,£,=0.0,£,=0.0

— Jfoc = 0.01,cos0 = 094 fiz5 = 0.005
1.5H — foc=001,cos0 =094 fus = 0.01

— -~ fec = 0.005,c058 = 0.917,fyp = 0.005
— - fee = 0.005,c0s0 = 0.917, fzp = 0.01

A=2TeV, £,=0.01,f,=0.01,£;=0.01

—— Joc = 001,cos0 = 0.94,fzs = 0.005
1.5H — foc=00Lcos0 =0.94,fys = 0.01

— - foc = 0.005,c058 = 0.917, g = 0.005
1.4} - - foc = 00050080 = 0.917, fgp = 0.01

BR(hy — Z7y)/BR(h1 — Z7y)sm
BR(hy — Z7)/BR(hy — Z7)sm

0, 0.9
000 002 00 006 008 010 §o0 002 004 006 008 0.0

fWW fWW
= =
2, A=2TeV,£=0.0,£,=0.0,f=0.0 B A2TeVf001£,=001,5-0.01
«E O — «E .
T 0.9 T 0.9
£ 08 <08
g 07 £ o7
= =
*N 0.6r—= foo = 0.01,cos8l = 0.94,fgs = 0.005 N 0.6f— foc = 0.0L,cosl = 0.94, fzg = 0.005
N oo = 0.01,cos0 = 0.94,fy; = 0.01 N oo = 0.0L,c0s0 = 0.94,fy = 0.01
T 0.5H - - foc = 00050050 = 0917 fiss = 0.005 T 0.5H - - foe = 0,005,005 = 0917, a5 = 0.005
= — - fog = 0.005,c050 = 0917,y = 0.01 L < - fog = 0.005,c050 = 0917, fy = 001
= 04 = 04
~ 000 0.02 0.04 0.06 0.08 0.10 ~ 000 0.02 0.04 0.06 0.08 0.10
fuw m faw

Shekhar Adhikari Higgs Physics 14



Higgs to vy, WW*, bb, and 7+ 7~
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Variation of Higgs total width with f; and fg¢
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